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Abstract—The development of the digital economy is
discussed as a complex institutional transformation. The
authors link the stages of this transformation with the
interaction between three types of innovative technologies. The
first type includes production technologies. The second type
includes both organizational technologies that correlate with
changes in business models and technologies used in the
provision of services. The third type includes humanities
technologies that influence human consciousness. The article
demonstrates how these technologies are transformed in the
digital environment. It is shown that at the present stage of the
institutionalization of the digital economy, humanities
technologies aimed at helping people adapt to the new
environment play the most important role. The provisions of
the theory of institutional change, in particular the concept of
the institutional market, are used to substantiate the typology
of technologies pro-posed. It is proved that launching the
institutional market mechanism will not only accelerate the
institutionalization of the digital economy but also determine
the set of technologies which will make both companies and
entire countries competitive at present and in the future. The
authors suggest that further studies could be carried out into
how various types of innovative technologies interact in
different industries and countries.
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I. INTRODUCTION

Current technological change in the field of digital
technologies adds new characteristics to the way how
economic systems function by creating new sources of
economic growth. As re-ported by McKinsey, the digital
economy accounted for 24% of Russia’s total GDP growth
in the period from 2011 to 2015. According to Russia’s
Higher School of Economics (HSE), by 2030 more than half
of Russia’s growth in GDP will result from digitalization.
However, the institutionalization of the digital economy is
extremely uneven, as evidenced by a wide range of values in
the IMD World Digital Competitiveness Ranking as of 2018
(from 100 given to the USA to 24.795 given to Venezuela).
In this ranking, Russia was given 65.207 points out of 100
and took only 15th place among 29 countries with
populations greater than 20 million (a position behind
Poland and Thailand) and 10th place among 30 countries
with GDP per capita less than $20,000 (a position behind
Chile and Kazakhstan).

The data in the ranking are given for 63 countries and
cover several different aspects. Among them are 1) the
ability of a country to develop new technologies, which is
connected with know-how (Russia took 24th place with
74.082), 2) the overall context that enables the development
of digital technologies, which includes both the technologies
existing today and government regulation (Russia ranked
43rd with 57.730 points), and 3) the level of preparedness to
exploit digital transformation, which implies business
agility and adaptive attitudes (Russia ranked 51st with
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48.234 points). This wide range of values indicates that the
institutionalization of the digital economy is influenced by
both national policy and economic agents, such as
companies and the public.

At present, digitalization is transforming the relations
between economic agents not only in trade, construction,
and transport industries but also in various sectors which are
strategically vital for the development of the Russian
economy [1]. Assuming that the digital transformation of
the modern economy is a mixture of technological,
organizational, and behavioural innovations, the authors set
themselves the goal of identifying how all types of
innovative technologies interact in today’s world and how
influential they are in the institutionalization of the digital
economy.

Il. MATERIALS AND METHODS

In the study, technology is considered in two aspects —
firstly, as a set of operations aimed at turning materials and
substances into products and services, and, secondly, as an
analytical description of this process which sets the rules for
converting resources into goods and services. The
acceleration of technological development has led to an
increase in the importance of technology as an object
analysed by economists, which has found its reflection in
the emergence of innovative concepts [2, 3, 4].

The development of the digital economy is interpreted as
a stage of technological transformation which results in the
need to transform production processes and models of
interaction be-tween economic agents [5] and the need to
adapt to the new reality. The degree of change that has
already happened makes it possible to analyse it from the
perspective of the institutional approach [6]. Digital
technologies are considered to be a foundation for
innovative technologies that reflect various aspects of the
institutionalization of the digital economy.

I1l. RESULTS

The mechanism of the institutional market plays a key
role in today’s digital transformation of the economy.
Widespread use of innovative technologies, especially those
supported by a digital foundation, can be achieved through
this mechanism.

In order to trigger this mechanism, it is necessary to
consistently disseminate innovative technologies of the
three types which are different in terms of technological
evolution:

o technologies for processing natural substances and
creating predominantly material goods
(technological innovations);

e organizational technologies that influence the
interaction between the participants in the production
process and aid the creation of products including
both tangible and intangible ones (organizational
innovations);
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e humanities technologies that contribute to the
creation of intangible benefits for adaptation to a
changing world.

With constant growth in the rate of technological change
and the digitalization of the economy, the role of
technologies of the third type is becoming more prominent,
influencing the opportunities for further institutionalization
of the digital economy.

IV. DISCUSSION

A. Innovations in the technologies of the industrial era in
the context of the digitalization of the economy

This type includes innovative technologies for
processing natural substances and creating pre-dominantly
material goods required to meet human needs. These
technologies heavily rely on machinery and equipment,
reflect the industrial era the most, and are closely linked
with techno-logical innovations.

In the industrial economy, the influence of technology
on economic performance depends on its ability to reduce
costs per unit of production through the use of more
advanced equipment [7]. In the context of digitalization,
both capital costs and labour costs per unit of production de-
crease. This becomes a platform for unlimited technological
growth and is corroborated by an al-most intermittent
process of technological change. From a technological point
of view, the control of machinery, equipment, and electronic
devices is performed through algorithms that are developed
by staff and followed by the systems of automation. The
devices themselves form re-source pools [8] which are
almost unlimitedly scalable and, if necessary, interact with
each other without human intervention through “smart”
technologies [9].

The Internet of Things (loT) technologies supporting
production processes are aimed at:

e improving product quality and production safety
through computeraided control over compliance with
technical standards, including those regarding the use
of hazardous and harmful substances, and through
eliminating the likelihood of using counterfeit parts
[10];

e improving maintenance quality through more
accurate projections of wear levels and equipment
failure prediction [11];

e cutting operating costs through automated lighting
and air conditioning systems [12], etc

B. Innovations in organizational and service technologies
in the context of the digitalization of the economy

Over the past half-century, the area where different
kinds of technology have been implemented has expanded
significantly and gone beyond the production sector.
Content analysis of Russian articles published from 2010 to
2018 has revealed groups of technologies and made it

45



ATLANTIS
PRESS

possible to classify them depending on the object to which
these technologies are applied (see the following table).

TABLE I. GROUPS OF TECHNOLOGIES CURRENTLY USED
Ne Object Technology
manufacturing, mineral processing,
1 Production welding, protection, clearing, freezing,
processes stability improvement, processing and
treatment, disposal, installation
2 Intellectual design, creation, calculation, adaptation,
processes modelling
Service processes | prospecting and exploration, maintenance,
3 operation, support, transactions,
distribution, cleaning services
Processes aimed | development, training, support,
4 at improving the | incentivization, selection and screening
quality of human
capital
Management management, decision making, forecasting,
processes selection, organization, quality control,
5 accounting, monitoring, audit, analysis,
evaluation and  assessment, testing,
standardization, cost reduction

& Compiled by the authors.

As can be seen from above, the last four objects are
associated with technologies that influence how participants
in the process interact with one another. It means that the
second type of innovative technologies covers both
organizational technologies that define business models and
management structures and service technologies that create
tangible and intangible products. Technologies of the
second type correspond with the post-industrial era and are
associated with organizational technological innovations.

When such technologies are developed by companies
outside the production sector, their functions become
universal. If these functions, which are services in their
essence, are outsourced to many different companies, it lays
the groundwork for improving their quality through
specialization and the division of labour [13]. These
services, or functions, are represented by financial, logistics,
prospecting and exploration [14], and oilfield [15] services,
as well as many others whose main resources are
intelligence and computer hardware and whose main
product is new solutions offered to the market.

Among the examples of innovative technologies of the
second type which contribute to the institutionalization of
the digital economy are building information modelling
(BIM) technologies, geographic information system (GIS)
technologies, smart cities (oneM2M, Smart City), and
railway traffic management systems (such as ERTMS). loT
technologies supporting service processes are aimed at:

e obtaining real-time market data [16];

e tracking the movement of goods and materials,
monitoring system status, resources and stocks in
real time, and managing supply chains [17];

e data integration and analytics, including data on the
operation of connected devices [18], etc.
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C. Humanities technologies as technologies for adapting to
the digital economy

A summary of approaches existing today [19, 20] makes
it possible to identify the most important trends concerning
working conditions in the digital economy:

e change in the nature of labour as a result of its
becoming more intellectual. This happens due to the
emergence of more complex technologies and non-
standard tasks, including those which stem from an
increase in the variability of technology parameters
as product and service life cycles are becoming
shorter, as well as frequent changes in their
technological characteristics;

e changes in labour management and the nature of
labour productivity assessment, which are reflected
in the absence of a direct correlation between labour
hours and labour productivity against the background
of a synergistic effect of teamwork performed by
highly qualified personnel and knowledge which is
inalienable from employees.

People can become adapted to a changing world through
the use of humanities technologies, which are ways of
influencing collective consciousness and organizing human
thinking processes. Examples of humanities technologies
include public relations, coaching, personnel management,
branding, advertising technologies, and others.

In the context of the institutionalization of the digital
economy, high technology in humanities can perform the
function of a value system through working with public
expectations as a whole [21] as well as improving digital
literacy and digital skills, which are complementary to
professional ones [22].

In the digital environment, the influence of high
technology in humanities is increasing. Transparency of
information makes the problem of its asymmetry less acute
by facilitating the identification of consumers and suppliers
of products and services, for example, when socially
responsible companies disclose information about the
results of their operations. Forms of marketing
communications, including digital technologies (platforms,
programs, services, etc.), channels (mass media, blogs,
social networks, etc.) and tools (SMM, PPC, e-mail
marketing, etc.) play an important role in shaping values and
changing people’s behavior.

D. The interaction between different types of technologies
in the process of reaching institutional equilibrium in
the digital economy

The typology of innovative technologies in the digital
economy described above can be substantiated using the
theory of institutional change [23]. Institutional imbalance,
which takes the form of change in the cost-benefit ratio due
to technological change, causes changes in the institutional
environment. These changes are aimed at returning the
economic system to a state of institutional equilibrium,
which is now being reached at a different level.
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In the context of the study, innovative technologies of
the first type make it necessary for organizational structures
corresponding to innovative technologies of the second type
to adapt to new technological processes [24]. One such
example is the emergence of networks connecting small
service companies at the end of the 20th century and the
beginning of the 21st century, as opposed to giant industrial
corporations which formed in the 60s and the 70s of the
20th century [25].

The diffusion of technologies of the first and second
types creates new ways and rules of meeting individual and
production needs [26]. They correspond with potential
institutional changes at the level of opportunities provided
to both end users and companies as separate links in the
production chain. Economic agents have a choice between
different digital economy technologies.

Due to the fact that technology rapidly changes over the
course of a generation, the public and businesses are not
ready to adjust their routines and it becomes difficult to
understand which of the technologies of the first and second
types will be more competitive in the future. Innovative
technologies of the third type can narrow the gap by solving
two problems:

e cutting personal expenses on adapting to the new
environment;

e guiding choices made by economic agents in
accordance with the newly shaped values and
restrictions, for example, the concepts of resource
conservation or green consumption.

Ultimately, technologies of the third type should launch
the mechanism of the institutional market, which will make
the public and businesses select those innovative
technologies which are the most convenient, leaving less
convenient ones behind. The launch and operation of the
institutional market mechanism will mean that institutional
changes aimed at reaching institutional equilibrium at a new
level of the development of the digital economy have
become real.

V. CONCLUSIONS

Countries with market economies are currently
experiencing downward movement in the Kondratieff cycle.
Interest in technology in this period is, in a sense, connected
with an interest in prognostication. If companies and entire
countries are successful in analysing the technology
structure of the digital economy, they will be the first to
gain competitive advantages.

The interaction between the three types of innovative
technologies discussed (technological, organizational, as
well as technologies in humanities) has made it possible to
characterize the process of institutionalization of a new type
of economy, which is the digital economy. At the first stage,
technological innovations trigger organizational changes
necessary for making a transition to new business models.

This new reality necessitates changes in legislation and
the directions of national policy, which triggers the
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mechanisms of institutional change at the upper level. At the
second stage, technologies in humanities become a priority;
they make it possible to guide choices made by consumers
and businesses through the institutional market towards
digital solutions and models of behaviour.

A full-scale launch of the institutional market
mechanism at the present stage of institutionalization of the
digital economy will help to identify a set of its core
technologies and predict further trends in the evolution of
technologies of all three types.

The authors suppose that further research can be done
into how the interaction between different types of
innovative technologies is manifested in different industries
in order to find ways to improve the competitiveness of
companies in corresponding markets as well as to improve
national policy in this area.

References

[1]  V.S. Litvinenko, “Digital Economy as a Factor in the Technological
Development of the Miner-al Sector”, Natural Resources Research,
Oct 2019. DOI: 10.1007/511053-019-09568-4.

[2] N.D. Kondratiev, Big business cycles and foresight theory. M.:
Economics, 2002.

[3] Yu.V. Yakovets, Mythic innovations of the XXI century. M.:
Economics, 2004.

[4] M. Hirooka, Innovation Dynamism and Economic Growth. A
Nonlinear Perspective. Cheltenham, UK, Northhampton, MA:
Edward Elgar, 2006.

[5] N.M. Rozanova, “Evolution of a Firm in a Digital Economy”,
Mirovaya Ekonomika i Mezhdu-narodnye Otnosheniya, vol. 63, 8,
pp. 21-28, 2019. DOI: 10.20542/0131-2227-2019-63-8-21-28.

[6] V.L. Tambovtsev, Theories of institutional change. M.: Prospect,
2016.

[71 1LV. Denisov and G.S. Karakhanyan, “Tekhnologiya kak
dvizhushchaya sila ekonomicheskih processov (Technology as a
driving force for economic processes)”, Theory and Practice of
Social Development, vol. 8, pp. 324-326, 2013.

[8] A. Dobrynin, K. Chernykh, V. Kupriyanovsky, P. Kupriyanovsky,
and S. Sinyagov, “The Digital Economy — the various ways to the
effective use of technology (BIM, PLM, CAD, IOT, Smart City,
BIG DATA, and others)”, International Journal of Open Information
Technologies, vol. 4, no. 1, pp. 4-10, 2016.

[9] J.L.Guo, B.P. Yang, Q. Li, and Z.L. Ma, “The Application of Smart
Electric Distribution Network Technology in the Construction of
Smart Oilfield”, paper presented at International Conference on
Social Science, Management and Economics (SSME 2015)
Guangzhou, China, pp. 191-196, 2015.

[10] D. Kellock, “Depth control: In real time”, Offshore Engineer, vol.
38, no. 9, pp. 86-88, 2013.

[11] Hanif M. Tayyab, I.A. Manarvi, and K. Khattak, “Improvement of
oilfield services quality through concurrent engineering techniques”,
Advanced Concurrent Engineering, Proceedings of the 19th ISPE
International Conference on Concurrent Engineering, Trier,
Germany, pp. 571-582, 2013.

[12] C. Marten and M.M. Gatzen, “Decreasing operational cost of high
performance oilfield services by lifecycle driven tradeoffs in
development”, CIRP Annals — Manufacturing Technology, vol. 63,
iss. 1, pp. 29-32, 2014.

[13] Zghidi A. Benyoussef and 1. Zaiem, “Service orientation as a
strategic marketing tool: the moderating effect of business sector”,
Competitiveness Review, vol. 27, iss. 1, pp. 40-61, 2017.

47



ATLANTIS

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

PRESS

E.A. Krainova and A.V. Kuznetsov, “Assessment of
Competitiveness Potential of Russian Market of Geophysical
Services”, Journal of Mining Institute, vol. 201, pp. 185-190, 2013.

I.B. Sergeev, M.Yu. Shkatov, and A.M. Siraev, “Oil and gas service
companies and their innova-tive development”, Journal of Mining
Institute, vol. 191, pp. 293-301, 2011.

G. Bressanelli, F. Adrodegari, M. Perona, and N. Saccani,
“Exploring How Usage-Focused Business Models Enable Circular
Economy through Digital Technologies”, SUSTAINABILITY, vol.
10, iss. 3, 2018. DOI: 10.3390/su10030639.

N.M. Matei, S.L. Dobrescu, L. Ichim, D. Popescu, and E.A. Pricop,
“Multi-Agent System for Management of Control Functions as
Services in Onshore Oilfield”, paper presented at the 9th
International Conference on Electronics, Computers and Artificial
Intelligence — ECAI, Targoviste, Romania, 2017.

E.C. Moraes and H.A. Lepikson, “Service-oriented framework for
oil fields automation”, Frontiers of Manufacturing and Design
Science 1V, Hong Kong, China, vol. 496-500, pp. 1438-1441, 2014.

F.J.A. Idiakez, “Digital cooperatives as channels for digital work in
the context of the collabo-rative economy”, Boletin de la Asociacion
Internacional de Derecho Cooperativo-International Association of
Cooperative Law Journal, vol. 54, pp. 75-96, 2019. DOI:
10.18543/baidc-54-2019pp75-96.

D.N. Yadransky, R.T. Latypov, and E.V. Chumak, “Transformation
of labour rationing: realities of the digital economy”, AEBMR-
Advances in Economics Business and Management Research, vol.
81, pp. 6-9, 2019.

A. Adonina, E. Akhmedova, and A. Kandalova, “Realization of
smart city concept through me-dia technology in architecture and
urban space: from utopia to reality”, MATEC Web of Conferences,
vol. 170, 02013, 2018.

A. Negrea, G. Ciobanu, C. Dobrea, and S. Burcea, “Priority Aspects
in the Evolution of the Digital Economy for Building New
Development Policies”, Quality-Access to Success, vol. 20, pp. 416-
421.

K.N. Ermolaev, Y.V. Matveev, O.V. Trubetskaya, and T.V.
Gromova, “Institutional Changes and Digital Economy”, European
Proceedings of Social and Behavioural Sciences, vol. 57, pp. 580-
589, 2019. DOI: 10.15405/epshs.2019.03.57.

M.S. Lewis, “Technology Change or Resistance to Changing
Institutional Logics: The Rise and Fall of Digital Equipment
Corporation”, Journal of Applied Behavioral Science, vol. 55, iss. 2,
pp. 141-160, 2019. DOI: 10.1177/0021886318822305.

S. Pattinson, “Strategic thinking: Intelligent opportunism and
emergent strategy — the case of Strategic Engineering,” International
Journal of Entrepreneurship and Innovation, vol.17, iss. 1, p. 65-70,
2016.

M. Sommarberg and S.J. Makinen, “Mechanisms of Disruptive
Technological Change: Case Stud-ies in Transformation of
Traditional Industries”, Portland International Conference on
Manage-ment of Engineering and Technology, 9-13 Jule 2017.

Advances in Economics, Business and Management Research, volume 137

48



