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Abstract

The economic development of any state, amid rapidly evolving technological paradigms and the transition
from Industry 4.0 to Industry 5.0 and beyond, is primarily determined by the pace of technological modernization
of industrial sectors driven by digitalization. Digital technologies significantly reduce production costs by auto-
mating and robotizing manufacturing processes, optimizing value chains, and enhancing labor productivity, in-

cluding managerial efficiency.

Despite governmental efforts, the economy of Azerbaijan, in addition to structural imbalances and low labor
productivity, exhibits a relatively low level of overall technological development and slow transformation dynam-

ics.

The aim of this paper is to analyze and systematize the outcomes of industrial digital transformation in leading
regions—Southeast Asia, the Americas, and Europe—and to assess the state of industrial digitalization and robot-
ics in Azerbaijan in comparison with these regions, as well as to identify the existing potential for accelerating

industrial automation and robotization.
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I. Introduction

In the contemporary stage of civilizational devel-
opment, the primary objective of scientific and techno-
logical transformation is to ensure a sustained increase
in economic efficiency and to promote stable economic
growth.

In the 21st century, key trends shaping the pace
and direction of industrial development have become
fully evident, including: the acceleration of technolog-
ical progress and the emergence of new industries on
this basis; the expanding use of alternative and renew-
able energy sources; and the global advancement of
communication technologies and supply chain logis-
tics, which has led to the large-scale relocation of in-
dustrial production to Southeast Asia.

The intensification of these processes has gener-
ated two major effects. On the one hand, production
costs have declined, consumer prices have decreased
overall, and production volumes have expanded. On the
other hand, processes of deindustrialization have
emerged and intensified in previously industrialized
countries, many of which have transitioned toward ser-
vice-oriented economies.

These transformations have been driven by eco-
nomic development and the need to meet growing so-
cietal demands, which increasingly conflict with the
limitations of the resource base, as well as by the evolv-
ing technological capacity of industry as a key sector
determining the structure, level, and pace of both na-
tional and global socio-economic development. In this
context, fundamental science, applied competencies,

and innovation play a decisive role in shaping the di-
rection and speed of industrial technological transfor-
mation.

By 2025, fourteen years have elapsed since Ger-
many announced its transition to industrial develop-
ment based on the Industry 4.0 concept (the Internet of
Things (IoT), cloud computing, big data, and smart
manufacturing). Over this period, the rapid expansion
of digital technologies and their deep penetration into
the production sphere—according to various estimates,
the global market for such technologies is projected to
exceed USD 165 billion by 2026—has initiated not
merely an evolutionary shift but a transition toward In-
dustry 5.0.

This new paradigm mpeamnomnaraer, through the in-
tegration and convergence of artificial intelligence (Al)
and robotics, not only the establishment and further de-
velopment of effective human—machine interaction but
also the potential elimination of human involvement as
a risk factor in most, if not all, production processes.
Among the technological components of Industry 5.0,
Al technologies are particularly prominent, enabling
the automated reconfiguration and self-optimization of
robotic production systems, advanced big data analyt-
ics (including cost data), and demand forecasting [1-4].

In the European Union, despite an early start (Ger-
many’s Industry 4.0 initiative) and the launch of the
“Digital Decade: Europe’s Digital Targets for 2030”
program [European Commission, 2026], which defines
the trajectory of digital transformation, interim assess-
ments based on the Digital Economy and Society Index
(DESI) [European Commission, 2026] indicate that
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current progress is insufficient to achieve the stated tar-
gets, even though nearly one-fifth of the EU budget is
allocated to industrial digital transformation measures.

In its conclusions, the European Commission out-
lines both an assessment of the challenges and its policy
vision for addressing them. It calls on EU Member
States, in addition to closing the existing investment
gap and accelerating digital transformation, to harmo-
nize digital principles necessary for launching cross-
border projects and to develop a legislative framework
for a new governance initiative—the “Digital Com-
pass”—aimed at steering the pace of digitalization.

Furthermore, it is important to note that within the
European Union, industrial modernization is pursued
with due regard to regional specificities, as reflected in
Smart Specialisation Strategies (RIS3). In this context,
the development and diffusion of digital technologies
are closely aligned with, and constitute a key driver for
achieving, the United Nations Sustainable Develop-
ment Goals (SDGs).The analysis of the conditions un-
derpinning the digitalization of economic processes in
the global economic space leads to the conclusion that
one of the key trends of recent decades is high-tech in-
tegration (e.g., in Japan, Finland, and Sweden).

Development trajectories of post-industrial econ-
omies indicate the dynamic emergence of a “digital so-
ciety” as an evolution of the “information society” un-
der conditions of digital transformation. In this para-
digm, advanced technologies permeate all spheres of
human activity, shaping economic outcomes and con-
tributing to a relative increase in societal welfare.

High-technology companies are both the primary
creators and, in most cases, the dominant owners of the
outputs of scientific and technological activity, thereby
forming the core of knowledge-intensive business.

The growing importance of international technol-
ogy exchange in the near term is driven by the acceler-
ating digitalization of national economies. On the one
hand, developed countries seek to expand the scale of
research and development (R&D), enhance labor
productivity, and strengthen the competitiveness of
their products. On the other hand, newly industrialized
countries, economies in transition, and developing na-
tions face an acute need to broaden the adoption and
diffusion of advanced technologies [5-9].

Japan. In addressing socio-economic challenges
associated with population ageing and the shrinking
workforce, the government prioritizes measures to
stimulate the development, advancement, and deploy-
ment of cutting-edge innovative technologies aimed at
building a “digital society.” This policy orientation is
formally articulated in official strategic documents,
most notably the “Society 5.0 strategy.

The consistent and large-scale adoption of digital
technologies—including cloud computing and artificial
intelligence (Al)—has led to a substantial increase in
organizational efficiency through the reengineering of
technological and service-related business processes,
particularly in the expansion of remotely delivered ser-
vices.

Within this framework, the “Society 5.0” strategy
envisions a profound transformation of Japanese soci-
ety into a highly advanced “super-smart” society. It

npennonaraet the pervasive use of robotics to address
a wide range of social challenges—from service sectors
(healthcare, commerce, retail, etc.) and routine house-
hold tasks to complex governance and decision-making
processes enabled by Al. This spectrum encompasses
solutions ranging from vending systems and assistive
robots to advanced Al-powered humanoid robots.

China. China’s experience in digital transfor-
mation and the deployment of robotics in industry war-
rants particular attention. In the People’s Republic of
China, the development of the digital economy, digital
transformation, and the promotion of technological in-
novation have become key instruments for achieving
high-quality economic growth and addressing socio-
economic challenges.

This has been supported by a consistent and tar-
geted state policy, which can be divided into three main
stages [Zhang, 2024]:

e Stage 1 (2013-2015): government efforts fo-
cused on the development of ICT and the establishment
of information infrastructure;

e Stage 2 (2016-2017): policy emphasis shifted
toward the adoption of ICT and the digitalization of tra-
ditional industries;

e Stage 3 (2018—present): industrial policy has
been oriented toward sectoral planning of the digital
economy and the promotion of international coopera-
tion.

A prominent illustration of China’s industrial dig-
ital transformation is the emergence of “dark factories,”
where human labor is entirely absent. Production pro-
cesses are fully automated and robotized, while man-
agement is based on artificial intelligence and big data.
These facilities operate continuously—24/7, year-
round—without human involvement, significantly in-
creasing efficiency by eliminating costs associated with
human error, labor, and energy consumption. For ex-
ample, technological capabilities enable production
speeds of up to one smartphone per second (e.g., Xia-
omi). This trajectory of industrial digitalization is ac-
tively supported across advanced industrial economies.

According to the China Academy of Information
and Communications Technology, the scale of China’s
digital economy continues to expand annually; how-
ever, the pace of digital transformation remains uneven
across sectors. The highest level of digital penetration
is observed in services (44.7%), followed by industry
(24.0%) and agriculture (10.5%) [Zuo, 2025].

All programmatic documents on technological
modernization are embedded within a broader strategic
objective: achieving and consolidating China’s global
leadership in advanced technologies. Within this over-
arching framework, a range of complementary policy
initiatives has been adopted. Notably, in 2015, the in-
dustrial policy strategy “Made in China 2025 was in-
troduced, aimed at reducing dependence on foreign
technologies and promoting Chinese high-tech manu-
facturing globally. Within this strategy, the objective of
developing “intelligent manufacturing,” based on the
integration of internet technologies into industrial pro-
duction, was first formally articulated [10-13].

11. Methodology
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Within the framework of this study, the digital
economy was theoretically substantiated and analyzed.
Based on the developed methodology, its level of de-
velopment was assessed, and the impact of the digital
economy on the rate of technological convergence was
evaluated. In addition, practical recommendations for
the formation of a digital economy in the Republic of
Azerbaijan were developed and justified.

The relevance of the problem is determined by its
high socio-economic importance for the Republic of
Azerbaijan, which also conditioned the selection of the
research topic and the need to elaborate practical rec-
ommendations for the formation and development of
the digital economy within the global economic system.

A comprehensive methodology for calculating the
Composite Digital Economy Development Index (DI)

has been proposed. This methodology assumes an as-
sessment of digital economy development based on a
broad system of indicators and enables an objective
analysis across five key dimensions. To ensure compa-
rability of indicators expressed in different measure-
ment units, a normalization approach is applied: each
variable is linearly transformed into a score within the
interval from 0 to 1, where 1 corresponds to the maxi-
mum value (the higher the score, the higher the level of
“digital development”). This is expressed by Formula

(D):

Y () = e &)
Xmax—Xmin
Here, Xi- denotes the value of the i-th indicator;
Xmin -represents the minimum value of the indicator;

Xmax -represents the maximum value of the indicator.

Table 1
presents the aggregation of normalized indicators using equal weighting.
_ Quality of ICT in- !ntensity of Human D_igitaliza— Efcfj?;itt';f stnssgrt_he )
Countries frastructure and internet us- . tion of the ; RI
. capital mation of the econ-
internet access age economy omy
Highly developed
Sweden 0,8141 0,9343 0,6604 0,9138 0,8132 0,8211
Finland 0,6606 0,8944 0,6122 0,9944 0,8902 0,8102
Denmark 0,7710 0,9473 0,7147 0,7730 0,4655 0,7102
United 0,8165 07734 | 0,7056 0,8634 0,4640 0,7091
Kingdom
Developing
Estonia 0,5683 0,8301 0,5384 0,8741 0,5276 0,6526
gjgﬁz Re- 0,4228 05272 | 0,4954 0,8073 0,5555 0,5631
Latvia 0,3623 0,7095 0,5931 0,6865 0,4860 0,5563
Germany 0,5384 0,5408 0,6155 0,6779 0,3553 0,5363
Moderately developed
Hungary 0,2469 0,5845 0,5183 0,7550 0,3796 0,4866
Poland 0,3256 0,4837 0,5650 0,6491 0,2957 0,4544
Romania 0,3263 0,4525 0,1353 0,6160 0,4240 0,3894
Bulgaria 0,2464 0,4308 0,0504 0,6036 0,4562 0,3588
Russia 0,3245 0,2334 0,4571 0,3341 0,3719 0,3511
Insufficiently developed

Kazakhstan 0,3710 0,1590 0,4732 0,0000 0,0000 0,1927
Azerbaijan 0,2654 0,1348 0,3521 0,0000 0,0000 0,1842

The following formula is proposed for calculating
the value of the sub-index (2):

Sub — Index = Z?zl%? 2

Subsequently, the author assigns weights wjw_jwj
to each of the five sub-indices, and based on these
weights, the overall index is calculated using the fol-
lowing formula (3)

Index = X}_1 SL; W, 3)

where Slj- denotes the value of the j-th sub-in-

dex;Wj -is the weighting coefficient of the j-th sub-in-

dex; and jjj represents the ordinal number of the sub-
index.

Based on the empirical validation of the developed
methodology, a comparative analysis of the Republic
of Azerbaijan with EU and EAEU countries was con-
ducted. These countries were classified into four groups
according to their level of digital economy develop-
ment: highly developed (RI > 0.7); developing (0.5 <

RI<0.70); moderately developed (0.3 <RI <0.50); and
underdeveloped (RI < 0.3).

It should be noted that in Azerbaijan, the oil indus-
try holds a leading position in the adoption of advanced
technologies. According to the Digital Transformation
Strategy for other industrial sectors through 2030,
adopted in 2021, “industrial digital transformation is a
priority area for the development of the national econ-
omy, ensuring high adaptability in business model for-
mation and the operation of production processes
through the integration of end-to-end digital technolo-
gies.” [14-16].

Given the emphasis on the use and development
of domestic Azerbaijani technologies, it can be argued
that the digitalization process in most companies re-
mains at an early stage. Thus, digital transformation
represents one of the most pressing challenges for in-
dustrial enterprises both globally and in Azerbaijan.

I11. Discssion
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Phased Formation of the Digital Economy in
Azerbaijan’s Industrial Sectors:Prior to the advance-
ment of digitalization and digital transformation pro-
cesses in the global economy, it was widely assumed
that only large and mature firms possessed the capacity
to effectively access new international markets. In the
contemporary context, however, the emergence of
global digital platforms (GDPs) as new economic ac-
tors has significantly simplified this process, enabling
even small enterprises to achieve rapid internationali-
zation and access global markets. On this basis, firms
from developing countries have, within a relatively
short period, become active participants in international
economic relations.

Consequently, both economic globalization pro-
cesses and the development of GDPs have become key
determinants facilitating firms’ access to global mar-
kets. In essence, the development of GDPs represents
both a result and a manifestation of scientific and tech-
nological progress over recent decades. At the current
stage, digital technologies have become an integral part
of everyday life, which has driven the intensive expan-
sion of international online trade and transformed it into
a critical component of multinational corporations’
(MNCs) foreign economic strategies.

The Fourth Industrial Revolution has stimulated
the emergence of new technologies aimed at enhancing
the international competitiveness of national econo-
mies worldwide. In this regard, traditional business
tools and models are gradually being replaced by digital
business processes, making the continuous adaptation
of MNC strategies an essential requirement.

At the same time, under the influence of economic
globalization, international competition in digital tech-
nology markets has intensified further, and competition
between traditional and technology-based multina-
tional corporations (MNCs) has become exceptionally
strong. The success of several transnational technology
giants (e.g., Google, Apple) demonstrates that they
have developed specific competitive advantages in ar-
eas such as cloud infrastructure and computing, as well
as artificial intelligence (Al) and the Internet of Things
(loT). [17-20].

A new class of companies—technology multina-
tional corporations—operate through various types of
global digital platforms (GDPs), including transaction
platforms, peer-to-peer sharing platforms, and others.
In essence, GDPs are considered an emerging and
promising model of international business, as online
channels significantly facilitate access for small and
medium-sized enterprises (SMESs) and consumers to a
wide range of service providers. Possession of large
tangible assets is no longer regarded as a hecessary con-
dition for entering global markets.

The growth rates of the GDP market are unprece-
dented. However, from a theoretical perspective, the
phenomenon of GDPs remains insufficiently studied:
stable conceptual frameworks, classifications, and reg-
ulatory instruments have yet to be fully developed. At
the same time, many multinational corporations operat-
ing in the information and communication technology
(ICT) sector are increasingly specializing in the provi-
sion of various information services delivered on global

markets. Such MNCs implement highly aggressive
competitive strategies in international markets, result-
ing in a sharp increase in their profitability and capital-
ization in recent years.

The strategies of these corporations are focused on
product and service diversification, while their interna-
tional specialization is increasingly shaped by the ex-
change, management, and dissemination of data (infor-
mation). Considering the main global economic trends
and current technological developments, Russia does
not fully exploit the potential of the digital economy,
although the transformation of business processes in
domestic companies has accelerated in recent years.
Nevertheless, numerous challenges remain unresolved
in relation to the modernization of industrial business
processes, the development of high-tech production
sectors, and the involvement of global digital platforms
in these processes.

In this context, the application of advanced inter-
national experience of foreign multinational corpora-
tions (MNCs) in digital transformation and the for-
mation of technological competitive advantages is of
particular importance for the country.

The development of new business models of tech-
nology-based MNCs remains insufficiently explored in
the economic literature. The economic dynamics of the
modern global economy are undergoing profound
changes under the influence of digital transformation,
and this process, in our view, is accompanied by deep
structural shifts in both consumption and production
sectors. As a result, new types of goods and services
emerge, while the operational practices, business mod-
els, and corporate strategies of firms of all sizes are be-
ing transformed.

Based on the experience of leading countries in
stimulating digitalization in Azerbaijan’s industrial
sectors, and through the integration of efforts by the
state, science, and business, the following key direc-
tions can be identified:

1.Legal support for the transition to a digital econ-
omy (development of a regulatory framework corre-
sponding to a new model of interaction between the
state, scientific organizations, business, and society in
the digital environment, including the improvement of
legislation related to the application of automation, ro-
botics, and artificial intelligence technologies);

2.Implementation of digital technologies in public
services (based on the “single window” principle);

3.Digitalization of the real sector (Industry 4.0 and
precision agriculture);

4.Digital transformation of the banking sector;

5.Development and strengthening of modern in-
formation and communication infrastructure (4G, 5G);

6.Human capital development (digital skills and
competencies);

7.Ensuring cybersecurity (prevention of cyberat-
tacks and cybercrime);

8.Ideological support for the transition to a digital
economy (the concept of an “IT-country”).

These measures will enable the transition in the
Republic of Azerbaijan to digital governance of the
state and economy based on a unified intelligent
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knowledge system, advanced information technolo-
gies, and specialized software complexes. This, in turn,
will serve as an important factor in addressing existing
socio-economic challenges in the country, while also
creating conditions for improving the efficiency of the
public administration system and implementing neces-
sary reforms in education, science, and the economy.

From the perspective of their impact on the devel-
opment of the global economy and society, the key
technologies underpinning the digital economy—
namely blockchain, cloud computing, big data, the In-
ternet of Things (1oT), and cyber-physical systems—
have been analyzed. The application of these technolo-
gies generates the following positive economic and so-
cial effects:

—automation and intensification of traditional eco-
nomic and technological processes, as well as the emer-
gence of new economic sectors;

— improvement of the business and investment cli-
mate through increased accessibility and efficiency of
public services and enhanced transparency of the busi-
ness environment;

—increased accessibility, quality, and convenience
of healthcare, education, cultural, and financial services
for the population;

— development of livable and safe urban environ-
ments.

It has been identified that among the risks and
threats associated with the digitalization of the econ-
omy and society, significant social risk arises from the
structural transformation of the labor market and poten-
tial reductions in employment. In addition, the spread
of new forms of criminal activity, particularly cyber-
crime, poses a serious threat.

It has been substantiated that the widespread adop-
tion of digital technologies has significantly contrib-
uted to the formation of a new stage of globalization—
digital globalization.

It has been determined that, at present, digital data
and information flows possess significant economic
value, as they facilitate the movement of goods, ser-
vices, financial resources, and people, and exert a
stronger impact on global GDP growth than interna-
tional trade and cross-border capital flows. In the con-
text of digital globalization, the processes of infor-
mation production, distribution, cross-border ex-
change, and consumption occupy a dominant position
compared to other types of economic activity, thereby
reinforcing the virtualization of the economy. As a re-
sult, a new system of organizing economic relations is
emerging—a global digital economy characterized by
its own regularities and development patterns.

At the current stage, one of the key challenges in
the field of artificial intelligence is the explainability
and transparency of its “reasoning processes.” This is-
sue can be considered a matter of global security, de-
spite the fact that artificial intelligence is currently pre-
dominantly applied at the local level.

The digital transformation of an organization pre-
supposes the creation of a digital platform. This re-
quires the formation of a high-level expert capacity
within the organization in this field. The availability of
highly qualified personnel covering all competencies

required for the implementation of complex IT business
projects is essential. These include:

« digital transformation managers;

* project managers;

» domain consultants and business analysts;

* software developers (1C, Web, and Power BI);

* data engineers;

* system administrators.

A digital platform is a set of interoperable soft-
ware products that provide the core functionalities re-
quired for the development of business applications.
Such a platform enables the rapid design and deploy-
ment of new business applications, while also ensuring
their efficient maintenance and continuous improve-
ment [21].

The platform integrates widely used software so-
lutions familiar to both end-users and technical special-
ists and, at the same time, is characterized by an open
architecture that allows seamless integration with any
other software solutions.

Conclusions

1.In the context of contemporary globalization, a
theoretical approach to the digital economy as an inde-
pendent phenomenon has been substantiated. This ap-
proach covers the following aspects: the delineation of
the digital economy from other concepts of the modern
global economy that are closely associated with distinct
ICT development trajectories; the clarification of the
content of the concept of “digital economy”; the iden-
tification of the causal relationship between the wide-
spread diffusion of digital technologies, the transition
from the fifth to the sixth technological paradigm, and
the transformation into the Fourth Industrial Revolu-
tion; the assessment of both the positive effects and
risks of digitalization; and the differentiation of stages
of digital economy development, including digital
globalization as a new phase of globalization.

The analysis demonstrates that digital technolo-
gies are extensively applied not only in traditional eco-
nomic and financial sectors but have also penetrated ed-
ucation and healthcare systems, as well as public ad-
ministration and service delivery (e-government),
becoming one of the key global trends in recent years.
The practical application of digital economy technolo-
gies significantly influences consumer behavior, en-
hances firms’ flexibility in continuously improving
product and service quality, increases labor productiv-
ity, and contributes to sustained improvements in pop-
ulation welfare.

Digital globalization acts as a driving force of
global economic growth and creates new business op-
portunities for firms, including unrestricted access to
the best suppliers, customers, labor resources, and fi-
nancial sources; the ability to conduct “borderless busi-
ness” in real time; reduced operational, marketing, and
customer interaction costs in new markets; the organi-
zation of virtual teams through digital platforms; and
the transformation of small enterprises and startups into
multinational corporations from the earliest stages of
development.

2.An assessment of the level of digital economy
development across countries has been proposed using
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the Digital Economy Development Index (DEDI) de-
veloped by the author. This index is composed of five
sub-indices characterizing the key dimensions of the
digital economy: the quality of digital infrastructure
and ICT access, intensity of internet usage, human cap-
ital, digitalization of the economy, and effectiveness of
digital transformation. This approach enables a com-
prehensive evaluation of a country’s position in global
digital development.

The DEDI calculations conducted for 16 EU and
EAEU countries, including the Republic of Azerbaijan,
allowed the classification of the studied countries into
four groups: highly developed, developing, moderately
developed, and underdeveloped.

The results confirm a high level of digital econ-
omy development in Sweden, Finland, the United
Kingdom, and Denmark. It has also been established
that a high level of digital economic development is
closely associated with factors such as the quality of
digital infrastructure and ICT access, intensity of inter-
net usage, level of human capital development, degree
of economic digitalization, and effectiveness of digital
transformation. Digital transformation processes have
been identified as a key determinant that enhances the
efficient use of production factors, stimulates economic
growth, strengthens competitive advantages in domes-
tic and international markets, and fosters innovation.

The Republic of Azerbaijan has been classified
among the group of “developing countries” (DEDI =
0.5003). The country demonstrates below-average per-
formance in terms of digital infrastructure quality and
ICT access, near-average indicators in internet usage,
economic digitalization, and digital transformation ef-
fectiveness, and above-average performance in human
capital development. This has made it possible to iden-
tify key challenges in the development of the digital
economy and to formulate recommendations aimed at
improving the country’s international digital ranking.

3.A model has been proposed to assess the impact
of a country’s position in the global digital economy on
the potential growth of total factor productivity. This
model is based on the use of the previously developed
Digital Economy Development Index (DEDI) for cal-
culating the Technological Convergence Conditions In-
dex. It has been demonstrated that digital transfor-
mation exerts a direct effect on economic growth, de-
pending on the quantity and quality of accumulated
human and digital capital. It has been determined that
the growth rate of the technological progress factor sig-
nificantly depends on the efficient utilization of a coun-
try’s digital potential, its capacity for rapid scaling, and
the speed of adoption of scientific and innovative ad-
vances. This approach indicates that Azerbaijan’s GDP
can increase primarily through capital accumulation,
innovation, and digitalization. In the long-term per-
spective (2030-2050), the potential annual economic
growth rate may reach 4.5%.

4.The issue of improving industrial production ef-
ficiency has become one of the key priorities for the
Azerbaijani market. In the context of intensifying com-
petition and the imperative of technological sover-
eignty, enterprises are increasingly confronted not
merely with the need to modernize equipment, but with

the challenge of establishing an integrated production
management system—ranging from process standardi-
zation to the implementation of digital solutions.
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