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Abstract: This article summarizes the arguments and counterarguments within the scientific debate on the identification
of the main theoretical and practical principles of the functioning of innovative-industrial clusters in different countries,
as well as the formalization of the impact of digitalization on their activities. The article summarizes scientific
approaches to determining the main characteristics and features of the functioning of innovation-industrial clusters. In
order to substantiate the theoretical background of the relationship between innovation-industrial clusters’ performance
and digitalization processes, a bibliometric analysis of the main Scopus publications in this direction is carried out using
the VOSviewer toolkit. That made it possible to identify the main essential and contextual clusters of scientific research
on relevant topics to characterize the evolutionary patterns of their changes during the analysis period. In order to
determine the empirical causality of the impact of digitalization on innovative and industrial development, an integral
indicator of innovative and industrial development is developed. The Index considers the measurement parameters and
regional features of industrial, entrepreneurial, and innovative development. Indicators were integrated using the
principal components analysis and additive convolution. The study modelled the influence proxies of the digital economy
on the integrated indicator of innovative and industrial development using panel data regression modelling in the Stata
14.2/SE software. In the paper, it is also identified those determinants of the digital development of the state that depends
to the greatest extent on the volatility of the innovative and industrial development of the country using one-factor
regression models. The study is conducted for the country sample with 10 countries, including Azerbaijan, Estonia,
Georgia, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Poland, Romania, and Ukraine. The time horizon of the study
covers the period 2009-2021 (or the latest available period). The research results can be useful to scientists, state
authorities, and local governments.
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Introduction. In the last few decades, the attention of both representatives of the academic community
and practitioners has been focused on studying the advantages and peculiarities of the functioning of
innovation-industrial clusters and their role in ensuring economic growth. Clusters, as a rule, are formed based
on industrial enterprises existing in the region. Important prerequisites for the development of innovation-
industrial clusters were defined by Porter (1998). The scholar emphasized that the existence of a cluster
organization of industry allows to increase in labor productivity and stimulates competitiveness, is an activator
of innovation processes and also promotes the formation of new businesses within the defined region. As
noted by Slaper and Orturaz (2015), «cluster consists of companies, suppliers and service providers, as well
as government agencies and other institutions that provide education, information, research and technical
support to a regional economy». The same researchers also emphasize that certain industries are characterized
by the highest potential for job creation to ensure their functioning. Thus, among those segments of the
industry for which cluster formations will provide the largest number of new jobs, scientists (Slaper and
Orturaz, 2015) define Upstream Chemical Products, Biopharmaceutical, Music and Sound Recording, Food
Processing and Manufacturing, Upstream Metal Manufacturing, Electric Power Generation and Transmission.

Researchers (Yamawaki, 2002; Lines and Monypenny, 2006; Caniels and Romijn, 2005) defined the
following advantages of innovative-industrial clusters:

— increasing labor productivity due to the use of outsourcing and vertical integration technologies;

— higher level of quality and increase in the network of coverage of the population with public goods due
to the intensification of investment activity;

— activation of the creation of centers of new knowledge and centers of development of creative
technologies;

— improvement of organizational and functional characteristics of the economic policy due to closer
cooperation of representatives of the academic environment and state authorities;

— increasing the level of loyalty and trust of the population to state and local self-government bodies,
which play an important role in the effective functioning of cluster formations;

— ensure the development of human capital through the concentration of high-class personnel and
innovative technologies;

— contribute to a more effective solution to the problems of economic and social development arising in
the territories of the functioning of innovative industrial clusters, etc.

Thus, scientists note that the cluster approach in the organization of innovative and industrial activity
allows for ensuring several positive socio-economic changes, which proves the perspective of this particular
form of organization of entrepreneurial activity. Researchers (L&mmer-Gamp et al. 2014) also emphasize a
higher level of prospects for creating innovative industrial clusters in emerging industries than traditional
ones. Understanding scientists and practitioners of the importance of stimulating the development of
innovative-industrial clusters have led to the emergence of special state programs to support their
development, especially in stimulating small and medium-sized businesses. According to (Danieles, 2019), in
the EU countries, 2.32 billion euros were allocated to finance programs for the development of industrial
clusters in the segment of small and medium-sized businesses. According to the same report, «ltaly, UK,
Germany, Portugal, Poland, France, and Greece are the countries in which funding of above EUR 100 million
was envisaged for cluster support in the period 2014-2020». It is worth noting that for EU countries,
stimulating the development of industrial clusters is defined as a priority task both at the EU level and at the
national level in each country. Since 2008, some state platforms have been created to coordinate efforts to
develop innovative industrial clusters (for example, in Austria). At the same time, it is worth noting that most
researchers note that one of the main motives for intensifying the development of innovative-industrial
clusters is the development of digital technologies and Industry 4.0.

It should be noted that there are a few research aimed at clarification of innovative-industrial clusters
development itself (L&mmer-Gamp et al., 2014; Yamawaki, 2002; Lines and Monypenny, 2006; Caniels and
Romijn, 2005) and transformation of its functioning in the digital era (Yim et al., 2020; Liu et al., 2022; Lai
et al., 2014; Tristdo et al., 2013). The lack of empirical studies can be explained by the topic's novelty
concerning innovative-industrial cluster development. Moreover, all the existing empirical research on the
topic is based on limited analytical data (firms reporting information, questionary results, etc.). Therefore, it
does not allow for conducting comprehensive and comparable research. Besides, the digital era started in the
late 1980s, but specifically, nowadays, digital technologies have developed dramatically and become an
integral part of our personal and business agenda.
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Furthermore, the research aims to determine the impact of the determinants of digitalization of the
economy on the development of innovative-industrial clusters, but considering the lack of sufficient macro
data, the innovative and industrial development of the country will be chosen as a proxy for innovative-
industrial clusters development. In order to ensure the sufficiency of measurement indicators, it will be
constructed considering the most widely-used indicators of industrial, entrepreneurial, and innovative
development. Such an approach allows an understanding of general trends of dependency on innovative and
industrial development on digital impetus.

Literature Review. In order to identify theoretical patterns of research on the development of innovative-
industrial clusters, a bibliometric analysis of Scopus publications (Scopus, 2022) was carried out using
Vosviewer (Vosviewer, 2022). The study covered 2,829 documents with the phrase «industrial cluster» in the
title, keywords, or abstract. Publications for 1992-2022 were analyzed. Figure 2 presents the dynamics of their
changes.
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Figure 1. Number of Scopus publications on search request «industrial cluster» for 1992-2022

Sources: developed by the authors on the basis of (Scopus, 2022).

First, it should be noted that during 1992-2007 the interest of scientists in the issue of the development of
industrial clusters was quite insignificant (during this period, on average, 23 publications on this topic were
published annually). At the same time, during 2008-2022, the intensity of publication activity on this topic
increased significantly: during the period, an average of 163 articles were published annually. The maximum
number of works on the topic was published in 2011 — 230 publications.

The main substantive and contextual research clusters are revealed based on the bibliometric analysis of
2829 Scopus publications (Scopus, 2022), in the title, keywords or abstracts of with the collocation «industrial
cluster». The bibliometric analysis applied the Vosviewer toolkit (Vosviewer, 2022). They can be
characterized according to the data in Figure 2.

According to the results of the bibliometric analysis of 2829 Scopus publications (Scopus, 2022) with
Vosviewer (Vosviewer, 2022), 275 words/phrases were identified, with which relationships were established
within the defined content block of research. According to Figure 2, these words can be combined into 6
contextual clusters, namely:

— red cluster (93 items) — covers scientific studies aimed at determining the influence of the existence of
industrial clusters on the development of industry and innovations;

— green cluster (58 items) — includes scientific research aimed at identifying the influence of industrial
clusters on solving environmental problems and ensuring sustainable development;

— blue cluster (51 items) — covers scientific research aimed at formalizing the role and prerequisites for
the functioning of industrial clusters in the context of ensuring technological development;

— yellow cluster (47 items) — covers scientific studies aimed at identifying the impact of the functioning
of industrial clusters on the pollution of water bodies and soils by heavy metals;

— purple cluster (15 items) — covers scientific research aimed at researching logistical aspects in the
functioning of industrial clusters;

— turquoise cluster (11 items) — covers scientific studies aimed at determining the branch-specific features
of the functioning of industrial clusters.
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Figure 2. Network visualization on the co-occurrence of keywords in Scopus publications on search
request «industrial cluster» for 1992-2022
Sources: developed by the authors on the basis of (Scopus, 2022; VVosviewer, 2022).

According to the results of the analysis of the temporal patterns of research on a certain issue, it can be
noted that the vectors of scientific research covered by the yellow and green clusters (2015-2022) are more
modern, while the red, blue, purple, and turquoise clusters include thematic directions that are earlier (2014
and earlier). Thus, based on the results of the bibliometric analysis, it can be noted that research concerning
the role of innovation-industrial clusters in solving environmental problems (air pollution, water pollution,
soil degradation) and ensuring the country's sustainable development has recently attracted the attention of
scientists. At the same time, scientists have been dealing with the problems of identifying two-way causal
relationships between the functioning of industrial clusters and the innovative and technological development
of industries, regions, and the country for more than 30 years. It is fair to note that despite the existence of
numerous scientific studies aimed at formalizing the role of industrial clusters in ensuring innovative and
technological development of the country, the patterns of transformation of the organizational and functional
foundations of the existence of industrial clusters in the conditions of increased digitalization of the economy
are insufficiently researched. Considering the above, the empirical research to clarify the relationships
between innovative-industrial cluster development and digitalization becomes relevant. As far as there is
limited statistical data on specifically innovative-industrial clusters' performance, these relationships could be
revealed by using a broader concept — country innovative and industrial development index, which takes into
account the main parameters and regional features of industrial, entrepreneurial, and innovative development.
In order to realize the research objective on the identification of the influence of the determinants of
digitalization on the development of countries’ innovative and industrial development (innovative-industrial
clusters development), it is necessary to identify measurement indicators of digitalization and countries'
innovative and industrial development.

Thus, the first block of the literature review generalizes research results on the measurement of country
digitalization. In the report «Toolkit for Measuring the Digital Economy» (OECD, 2018) as a proxies of digital
development are considered as follows: broadband subscriptions per 100 inhabitants; mobile broadband
subscriptions per 100 inhabitants; the speed of Internet connection (megabits per second); M2M SIM card
penetration per 100 inhabitants; the number of secured servers; the proportion of households with a computer;
households with Internet connections; Internet users; individuals who purchased online in the last 12 months;
tertiary graduates in the natural sciences, engineering, and ICTs; individuals with ICT skills; patents in
artificial intelligence technologies; business enterprise expenditure on R&D and information industries;
employment in information industries; value added of information industries; ICT investment; ICT
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contribution to labor productivity growth; ICT goods as a percentage of merchandise trade, etc. It should be
noted that the indicators mentioned above, to some extent, concerns both country's digital and innovative
development. Considering the research objective, there is the necessity to split these indicators for
measurement separately digital development and innovative development. In turn, UNCTAD (2022) consider
as digital economy measurement such indicators as ICT producing sector core indicators; bilateral trade flows
by ICT goods categories; share of ICT goods as a percentage of total trade; core indicators on ICT use in
business by location type, annual; core indicators on ICT use in business by location type/size class/industrial
classification of economic activity; international trade in digitally-deliverable services; international trade in
ICT services. As far as it can be seen, UNCTAD considers only trade operations of ICT goods as quantitative
measures of digital development. In turn, OECD Going Digital Toolkit (OECD, 2022) considers 37 indicators
to measure digitalization within seven perspectives (market openness, trust, access, society, jobs, use, and
innovation). Indicators from the report «Toolkit for Measuring the Digital Economy» (OECD, 2018),
UNCTAD (2022) «Digital economy» collection, and OECD Going Digital Toolkit (OECD, 2022) represent
the most commonly used indicators for assessing progress in a country's digital development. Scientists also
use these indicators to provide empirical research. Thus, Milosevic et al. (2018) used 13 indicators to measure
the digital economy in European countries: Computer Internet Connections used by Employees in Enterprises;
Use of Cloud Services by Individuals; Mobile Internet Connections used by the Employees in Enterprises;
Level of Internet Access in Households; Mobile Internet Access by Individuals; Internet Use by Individuals;
Internet Purchases by Individuals; E-commerce Purchases of Enterprises; Enterprises that have a Website;
Internet Advertising of Enterprises; E-commerce Sales of Enterprises; Enterprises that Employ ICT
Specialists; Value of E-Commerce Sales of Enterprises. Kotarba (2017) realized scientific research on
generalizing digital performance KPIs. The author mentioned that there are more than 100 KPIs of digital
measurement that leads to a more complicated approach to sufficient indicators selection.

Concluding this block of literature review, it is fair to note that some of the digital measurement indicators
are informative and effective. Still, there is no sufficient data for providing comprehensive empirical research
(limitation on country coverage, time coverage, or both). Some indicators characterize mostly innovation but
not digital development. Thus, based on the literature review within this research it will be chosen such
indicators of a country's digital development as: Fixed broadband subscriptions; Fixed telephone
subscriptions; Mobile cellular subscriptions; Individuals using the Internet; Secure Internet servers; High-
technology exports; Communications, computers, % of service exports; Communications, computer, % of
service imports. These indicators have sufficient both country and time coverage. They illustrate the
specifically digital but not innovative perspective of country development (for example, it is considered only
ICT service but not goods trade because the last proxy is responsible for hardware but not software).

Consequently, the second block of the literature review generalizes research results on measuring the
country's innovative and industrial development. Upadhyaya (2013), while developing a composite measure
of industrial performance, is considered proxied of country industrial development indicators such as
manufacturing value-added and manufacturing export ratio. The UNIDO (2019) report «Statistical Indicators
of Inclusive and Sustainable Industrialization» also mentioned manufacturing value-added as a core proxy of
industrialization. The report also mentions that the measurement of industrialization can't be realized without
considering the employment perspective. Manufacturing value-added and employment in manufacturing are
considered as KPIs within the target of SDG 9 (9.2 «Inclusive and sustainable industrialization» (UNCTAD
(2022)). Raghupathi and Raghupathi (2017) also mentioned patent applications as an indicator of the
innovative and industrial (economic) development of the state. Considering this block of literature review
results, it becomes obvious that value-added, employment rate and patent application in the industry are the
best and most commonly used proxies of industrial development. It is also proposed to consider within
industrial development such traditional economic growth models' control variables as GDP per capita;
inflation; consumption of fixed capital, and trade (Doumbia, 2016; Zhang et al., 2022). And also use new
business density as an indicator of entrepreneurial development. As a proxy of a country's innovative
development, it is considered to choose industry-related components of the Global Innovation Index.

Methodology and research methods. The main task of this study is to determine the influence of the
determinants of digitalization of the economy on the development of innovative and industrial clusters.
However, considering the lack of an opportunity to form an optimal set of statistical data that comprehensively
characterized the development of innovative-industrial clusters in different countries, it is proposed to carry
out indirectly through the developed integrated indicator of innovative industrial development of the country.
In particular, parameters characterizing the features of industrial, entrepreneurial, and innovative development
were taken into account when forming the dataset to ensure the maximum closeness of the connection between
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the development of innovative industrial clusters and the country. Empirical research was conducted for 10
countries, such as Azerbaijan, Estonia, Georgia, Kazakhstan, Kyrgyz Republic, Latvia, Lithuania, Poland,
Romania, and Ukraine, from 2009 to 2021. These countries are chosen because of common historical
development trends (post-socialistic countries, countries of Eastern partnership, and some European
countries). It also considers Asian and European perspectives on the relationship between digital development
and a country's innovative-industrial development. The limitation of the observation period results from
statistical data availability (pillars of the Global Innovation Index (2022) are calculated and reported starting
from 2009). The research involves the sequential implementation of several stages:

1) formation of an integral indicator of innovative and industrial development of the country;

2) preliminary selection of determinants of digitalization of the economy according to the level of
relevance of their influence on the integrated indicator of innovative industrial development of the country by
building a correlation matrix;

3) determination of the most appropriate model of regression modelling on panel data (with fixed or
random effects) for modelling the influence of the determinants of digital development on the integrated
indicator of the innovative and industrial development of the country. These two options are chosen as the
most commonly used options in panel data regression modeling. Besides, it is also considered linearity in the
relationship between variables. Thus it does not require the application of any alternative approach;

4) direct modeling of the causality of relationships between the parameters of digital development and
innovative industrial development of the country using fixed or random effect panel data regression model
and the interpretation of the obtained results;

5) identifying those determinants of digital development on which the innovative and industrial
development of the country has the greatest impact by building a system of one-factor regression models on
panel data.

Panel data regression analysis is chosen as it is the most commonly used approach in economic growth
models (Xu and Li, 2022; Zhang et al., 2022).

So, to form an integral indicator of innovative and industrial development of the country, the following
indicators were selected from open databases:

— Institutional capacity of innovative development (GI1_I) — pillar «Institutions» of the Global Innovation
Index (Global Innovation Index Reports, 2022) that considers such proxies as Political Environment (Political
Stability; Government Effectiveness), Regulatory environment (Regulatory quality, Rule of law, Cost of
redundancy dismissal) and Business environment (Ease of starting a business, Ease of resolving insolvency);

— Human Capital Capacity of innovative development (Gll_HC) — pillar «<Human capital and research»
of the Global Innovation Index (Global Innovation Index Reports, 2022) that considers such proxies as
Education (Expenditure on education, Government funding/pupil, School life expectancy, Assessment in
reading, mathematics, and science, Pupil-teacher ratio), Tertiary Education (Tertiary enrollment, Graduates
in science and engineering, Tertiary inbound mobility) and Research and Development (Researchers, full-
time equivalent, Gross expenditure on R&D, Global R&D companies, average expenditure, top 3, QS
university ranking score of top 3 universities);

— Business Environment Capacity of innovative development (Gl1_BS) — pillar «Business sophistication»
of the Global Innovation Index (Global Innovation Index Reports, 2022) that considers such proxies as
Knowledge workers (Knowledge-intensive employment, Firms offering formal training, Gross expenditure
on R&D performed by business enterprise, Gross expenditure on R&D financed by business enterprise,
Females employed with advanced degrees), Innovation linkages (University/industry research collaboration,
State of cluster development, Gross expenditure on R&D financed by abroad, Joint venture/strategic alliance
deals, Patent families filed in two offices) and Knowledge absorption (Intellectual property payments, High-
tech imports, ICT services imports, Foreign direct investment net inflows, Research talent in business
enterprise).

The methodology of the Global Innovation Index considers that all pillars are assessed with a score, which
varies in the range of 0-100, where a higher score illustrates the better performance of the pillar (Global
Innovation Index Reports, 2022). Therefore, these three complex indicators are considered to measure the
innovative perspective of country development within this research.

In order to measure a country business and industrial development, it is also collected a subset of indicators
from the «World Development Indicators» collection of the World Bank Group (World Bank DataBank,
2022):

— Employment in industry, % of total employment (Empl_ind);
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— Industrial design applications, nonresident (IDA_non);

— Industrial design applications, resident (IDA_res);

— Industry (including construction) value-added, % of GDP (VA _ind);

— GDP per capita, current US$ (GDPpc);

— Inflation, consumer prices, annual % (CPI);

— Adjusted savings: consumption of fixed capital, % of GNI (CFC);

— Trade, % of GDP (Trade);

— New business density, new registrations per 1,000 people ages 15-64 (Bus).

Within the first stage of the research, it is developed Innovation and Industrial Development Index (1ID).
For integration into a single composite indicator, all the indicators mentioned above are reduced to a
comparative form using a minimax approach. After applying the method of relative normalization of data
series, all indicators belong to the range [0; 1]. At the next stage, all the normalized values of indicators for
assessing the level of innovative and industrial development of the country are processed using one of the
tools of multivariate analysis (principal components analysis (PCA)) using the Stata 14.2/ SE software
product. After running PCA, it is chosen the amount of principal components. As Zhang et al. (2022)
mentioned, selecting only those components that explain more than 70% of the total variation is necessary. In
the next step, loadings in the absolute value of selected components are averaged for ranking the indicators
concerning their relativity (higher averaged loading value explains higher relativity of the indicator in Index).
By dividing the rank of a curtain indicator by the total ranks' sum for the set of innovative and industrial
development proxies, it is determined the weighting coefficients for each of the individual indicators in the
integral. Integrating individual indicators in the 11D will be carried out using additive convolution.

The next stage of the research is the preliminary selection of the determinants of digitalization of the
economy according to the level of relevance of their impact on the integral indicator of the innovative
industrial development of the country. In particular, it is worth noting that, taking into account the report
«Toolkit for Measuring the Digital Economy» (OECD, 2018) as determinants of digital development within
the scope of this study, the following were chosen:

— Fixed broadband subscriptions, per 100 people (FBS);

— Fixed telephone subscriptions, per 100 people (FTS);

— Mobile cellular subscriptions, per 100 people (MCS);

— Individuals using the Internet, % of population (Internet);

— Secure Internet servers, per 1 million people (Servers);

— High-technology exports, % of manufactured exports (HTE);

— Communications, computer, % of service exports (ComEx);

— Communications, computer, % of service imports (ComIm).

All these digital development measurement indicators were also collected from the «World Development
Indicators» collection of the World Bank Group (World Bank DataBank, 2022).

A correlation matrix will be built to select those characterized by the greatest influence on 11D among the
given indicators. Those indicators that are characterized by a weak relationship with the dependent variable
(correlation coefficient less than 0.3) will not be selected for the models.

The Hausman test will be used to determine the most appropriate panel data regression model. If, according
to the results of the Hausman test, the value «Prob > chi 2» is statistically significant (p<0.05), then a
regression model with fixed effects is more appropriate for this sample, otherwise - with random effects.

Results. The first stage of the realization of the main task of this study is the formation of an integral
indicator of the innovative industrial development of the country (II1D). For its implementation, one of the
multivariate analysis tools of the Stata 14.2/ SE software product was used. Table 1 presents the results of the
principal component analysis.

The shadowed cell in Table 1 highlights the number of components, the consideration of which will be
sufficient to obtain reliable results regarding the determination of the importance of the contribution of each
of the individual determinants of innovative industrial development to its integral level. Table 2 presents the
results of determining the weighting coefficients. Determination of the weight coefficients of the components
of the Innovation and Industrial Development Index (11D involves: 1) determination of the averaged absolute
eigenvalues, calculated according to the Eigenvector parameters of the number of components that will allow
obtaining reliable results (in this case, 4 components explain a satisfactory scale of the indicator variation); 2)
ranking of the parameters calculated at stage 1 by growth (a higher level of averaged absolute eigenvalues
corresponds to a higher rank, and accordingly, a higher weight of the individual indicator in the IID); 3)
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calculation of weighting coefficients as a ratio of the rank of the corresponding indicator to the total value of

the ranks for all indicators.

Table 1. Principal components analysis results

Component Eigenvalue Difference Proportion Cumulative
Component 1 4.726 2.444 0.394 0.394
Component 2 2.282 1.115 0.190 0.584
Component 3 1.167 0.233 0.097 0.681
Component 4 0.934 0.137 0.078 0.759
Component 5 0.797 0.153 0.067 0.826
Component 6 0.644 0.189 0.054 0.879
Component 7 0.455 0.067 0.038 0.917
Component 8 0.388 0.112 0.032 0.950
Component 9 0.275 0.127 0.023 0.972
Component 10 0.148 0.024 0.012 0.985
Component 11 0.124 0.066 0.010 0.995
Component 12 0.059 0.005 1.000

Sources: calculated by the authors.

Thus, taking into account the data in Table 2, the general formula (1) for calculating Innovation and

Industrial Development Index (11D) will have the following form:

IID = 0.077 - GII; + 0.103 - GlIyc + 0,115 - GlIpg + 0,128 - Empling + 0.090 = ID A,y + 0.026 - IDA, o5 +

0.141 -V A;pq + 0.051 - GDPpc + 0.154 - CPI + 0.064 - CFC + 0.013 - Trade + 0.038 - Bus

@)

where IID — Innovation and Industrial Development Index; Gll | — institutional capacity of country's
innovative development; Gll nc — human capital capacity of country's innovative development; GIl gs —
business environment capacity of country's innovative development; Empl ing — employment in the industry;
IDA non— industrial design applications, nonresident; IDA (s — industrial design applications, resident; VA ing—
industry value added; GDPpc - GDP per capita; CPI - inflation, consumer prices; CFC - consumption of fixed
capital; Trade - trade openness;Bus — new business density.

Table 2. Results of identification of weighting coefficients for measurement indicators of country
innovative and industrial development

Variable Eigenvector 1 Eigenvector 2 Eigenvector 3 Eigenvector 4 AE Weight
GlLI 0.306 -0.228 -0.145 -0.244 0.231 0.077
GlI_HC 0.285 0.293 0.370 0.032 0.245 0.103
GII_BS 0.347 0.181 0.295 0.179 0.251 0.115
Empl_ind 0.299 0.253 0.223 0.230 0.251 0.128
IDA_non -0.187 0.544 -0.100 -0.105 0.234 0.090
IDA_res -0.101 0.596 -0.018 0.021 0.184 0.026
VA_ind -0.242 -0.264 0.564 0.291 0.340 0.141
GDPpc 0.389 -0.147 0.247 0.018 0.200 0.051
CPI 0.139 -0.052 -0.379 0.792 0.341 0.154
CFC 0.315 0.081 -0.402 0.110 0.227 0.064
Trade 0.333 0.065 0.017 -0.286 0.175 0.013
Bus 0.362 -0.101 -0.102 -0.191 0.189 0.038

Notes: AE — average eigenvalue of absolute values for Eigenvectors 1-4.
Sources: calculated by the authors.

Figure 3 illustrates the 11D dynamics within the country sample in 2009-2021. According to Figure 3,
Estonia makes the best use of its innovation and industrial potential, where the 11D value is 50-60% of the
reference value. The group of countries with an average level of 11D is formed by Latvia, Lithuania, Poland,
Romania, and Ukraine, where the available potential is used by 40-50%. On the other hand, Azerbaijan,
Georgia, Kazakhstan, and Kyrgyzstan use only 30-40% of their existing innovation and industrial potential.
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Figure 3. Innovation and Industrial Development Index (11D) for 10 analyzed countries

Sources: developed by the authors.

in 2009-2021, units

The next stage of the research involves the preliminary selection of model variables based on the
construction of a correlation matrix (Table 3).

Table 3. Correlation analysis results

Variables 11D FBS FTS MCS Internet Servers HTE ComEx Comlm
11D 1.000

FBS 0.614 1.000

FTS 0.439 0.226 1.000

MCS 0.232 0.264 0.190 1.000

Internet 0.438 0.845 0.053 0.316 1.000

Servers 0.387 0.519 -0.051 0.155 0.449 1.000

HTE 0.209 0.170 0.212 0.457 0.346 0.153 1.000

ComEXx 0.580 0.213 -0.008 -0.139 0.071 0.356 -0.106 1.000

Comlm 0.240 0.186 0.216 -0.129 0.346 0.165 0.421 0.383 1.000

Sources: calculated by the authors.

First, in the context of the task, the correlation coefficients between the dependent variable (11D) and
independent variables (determinants of digital development) are of interest. Based on the results of this stage,
3 potential independent variables were eliminated, as they are characterized by a weak connection with the
resulting variable (highlighted in bold in 2 columns). Hausman test at the next stage of the empirical study

192



'Q ARMG PUBLISHING 3 scC | en d o Marketing and Management of Innovations, 4, 2022
ISSN 2218-4511 (print) ISSN 2227-6718 (online)

“Thinking ahead”

made it possible to obtain the value «Prob>chi2 = 0.0568». Thus, it is more appropriate to use a model with
random effects for this sample of data. Table 4 summarizes regression modeling results to identify the impact
of digital determinants on IID.

Table 4. Regression analysis results on the identification of digital determinants impact on country
innovative and industrial development for 10 countries

11D Coef. St. Err. t-value p-value 95% Confidence interval Sig
FBS 0.002 83 0.00114 2.48 0.0132 0.00059 0.00506 fola
FTS 0.00268 0.00069 3.89 0.0001 0.00133 0.00402 falalel
Internet -0.00005 0.00039 -0.13 0.8995 -0.00082 0.00072

Servers -1.18-10 7 2.31-10 7 -0.51 0.6091 -5.71-10 7 3.35:107

ComEx 0.00111 0.00034 3.30 0.0009 0.00045 0.00177 ek
Constant 0.31247 0.03126 10.00 0.0000 0.25120 0.37374 ek
Overall r-squared 0.68186Prob > chi2 0.00002

Notes: *** p<0.01, ** p<0.05, * p<0.1
Sources: calculated by the authors.

Thus, based on the results of determining the causality between the innovative and industrial development
of the country and the determinants of digitalization for the studied 10 Asian and European countries, it is
possible to note:

— an increase in the network of broadband users by 1 unit leads to an improvement in Innovation and
Industrial Development Index by 0.003 units with 95% confidence probability;

— the growth of Innovation and Industrial Development Index by 1 unit affects growth of the network of
telephone users by 0.003 units with a 99% confidence probability;

— aslightly stronger positive effect on the Innovation Change and Industrial Development Index has an
increase in communications and computer export that service export ratio: a 1% increase in the explanatory
variable leads to an increase in 11D by 0.001 units;

— instead, for this sample of countries, no statistically significant influence of such determinants of digital
development on I1D as Individuals using the Internet as a percentage of the population, Secure Internet servers
per 1 million people.

Table 5 presents the results of similar modeling exclusively on the example of Azerbaijan.

Table 5. Regression analysis results on the identification of digital determinants impact on country
innovative and industrial development in Azerbaijan

11D Coef. St. Err. t-value p-value 95% Confidence Interval Sig
FBS 0.0004 0.0056 0.07 0.9438 -0.0128 0.0136
FTS 0.0277 0.0140 1.98 0.0880 -0.0054 0.0607 *
Internet -0.0013 0.0017 -0.77 0.4670 -0.0052 0.0026
Servers 0.0002 0.0001 2.09 0.0748 0.0000 0.0004 *
ComEXx 0.0016 0.0011 1.43 0.1954 -0.0010 0.0043
Constant -0.0807 0.2632 -0.31 0.7682 -0.7031 0.5418

Sources: calculated by the authors.

According to the results of regression modeling on the identification of the impact of digitalization on the
innovative and industrial development of the country in the example of Azerbaijan, slightly different patterns
were established compared to the results of the sample as a whole. Thus, in particular, a statistically significant
impact on Innovation and Industrial Development Index was empirically confirmed for two determinants of
digital development, namely: an increase by 1 unit of the network of telephone users leads to an increase in
the dependent variable by 0.027 (the influence of this indicator for Azerbaijan is much higher than the
influence of a sample of 10 countries); increase by 1 unit Secure Internet servers per 1 million people leads to
an increase of Innovation and Industrial Development Index by 0.0002 units. The statistical significance of
both parameters is confirmed with a 90% confidence level. The rest of the digital determinants are not relevant
factors for ensuring the innovative industrial development of Azerbaijan.

In turn, Table 6 illustrates the results of reverse causality modeling for the sample as a whole, that is,
determining the direction and strength of the influence of the Innovation and Industrial Development Index
on the determinants of the country's digital development.
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According to the results presented in Table 6, it can be noted that the innovative and industrial development
of the country has a positive effect on all determinants of digitalization. However, a statistically significant
relationship between 11D and high-tech exports and imports of communications and computers has not been
confirmed. With a 90% confidence probability, 11D growth's positive impact on expanding the broadband,
telephone, Internet users and communications, and computer export to service export ratio is confirmed.
Instead, the positive impact of the growth of the Innovation and Industrial Development Index on Secure
Internet servers per 1 million people and Mobile cellular subscriptions per 100 people was confirmed with
99% confidence probability.

Table 6. Regression analysis results on identification country innovative and industrial development
impact on digital determinants for 10 countries

Variable Coefficient Standard Error t-value p-value  95% Confidence Interval Sig
IID -FBS
11D 26.8792 14.3414 1.87 .0609 -1.2293 54.9877 *
Constant 5.8334 6.687 0.87 .383 -7.2729 18.9397
Overall R ? 0.3768
IID ->FTS
11D 27.0418 14.2227 1.90 .0573 -.8342 54.9179 *
Constant 7.276 6.542 1.11 .2661 -5.5461 20.0981
Overall R ? 0.1932
IID -MSC
11D 129.2211 37.4897 3.45 .0006 55.7426 202.6997 falei
Constant 70.4983 17.334 4.07 0 36.5242 104.4724 falei
Overall R 2 0.1105
IID —Internet
11D 66.3529 41.3375 1.61 .1085 -14.6672 147.3729
Constant 33.2321 18.9511 1.75 .0795 -3.9114 70.3755 *
Overall R ? 0.1917
IID —Servers
11D 77406.259 22015.014 3.52 .0004  34257.625 120554.89 falai
Constant -28174.913 9978.7113 -2.82 .0048 -47732.828  -8616.9987 falai
Overall R ? 0.1501
IID -HTE
11D 10.1247 12.0013 0.84 .3989 -13.3973 33.6468
Constant 7.5407 6.0534 1.25 2129 -4.3239 19.4052
Overall R 2 0.0439
IID— ComEXx
11D 21.3981 25.7714 0.83 4064 -29.1129 71.909
Constant 23.7274 12.1582 1.95 .051 -.1022 47.5569 *
Overall R ? 0.3369
IID— Comim
11D 1.2094 17.328 0.07 .9444 -32.7529 35.1717
Constant 38.1124 9.217 414 0 20.0475 56.1773 falale
Overall R ? 0.0575

Sources: calculated by the authors.

Summarizing the modelling results, it can be noted that the expansion of the broadband and telephone
users network is both a driver of the innovative industrial development of the country and a derivative of its
improvement. At the same time, the growth of communications and computers export-to-service export ratio
contributes to the improvement of the Innovation and Industrial Development Index. However, in the reverse
direction, this relationship is not statistically significant. In addition, it is worth noting that the national patterns
of causality between variables may differ significantly from those of the sample as a whole, which is vividly
illustrated by the example of Azerbaijan.

Conclusions. The problems of forming and developing innovation-industrial clusters have been the focus
of representatives of the academic environment and state and local self-government bodies for several
decades. Still, this topic has become widespread over the past 10-15 years. Scientists and practitioners note
that the cluster organization of industry has several positive aspects, including an increase in labor
productivity, the dissemination of new knowledge and the concentration of creative ideas, better satisfaction
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of the public needs of the population, faster and more effective resolution of local problems, etc. In some
countries, special state support programs are even initiated to develop a network of innovation-industrial
clusters (specially to support small and medium-sized enterprises).

According to the results of the bibliometric analysis of 2829 Scopus publications (Scopus, 2022), the title,
keywords or abstracts of which contain the phrase «industrial cluster» (Vosviewer, 2022), it was established
that during 1992-2022, scientific research on a certain topic was published more intensively during 2008-
2022. In total, according to the results of the bibliometric analysis, 6 contextual clusters were identified, aimed
mainly at identifying the influence of industrial clusters in the development of industry and innovations,
solving environmental problems, ensuring sustainable development, ensuring technological development,
determining logistical aspects and industry specifics of the functioning of industrial clusters. It is worth noting
that despite the existence of numerous scientific studies aimed at formalizing the role of industrial clusters in
ensuring innovative and technological development of the country, the regularities of changes in the basic
principles of the existence of industrial clusters in the conditions of increased digitalization of the economy
are insufficiently researched. Taking into account the fact that it is currently impossible to accumulate a
sufficient set of relevant statistical information to characterize the activity of innovation-industrial clusters, it
is developed Innovation and Industrial Development Index. This index considers the parameters of the
development of innovations, the business environment, and industry, which also characterizes the
prerequisites for developing innovation-industrial clusters. Analysis of Innovation and Industrial
Development Index dynamics during 2009-2021 allows noting that among the 10 studied countries, Estonia
uses its innovation and industrial potential best (by 50-60% of the reference value), followed by Latvia,
Lithuania, Poland, Romania and Ukraine (40-50%), and this rating is closed by Azerbaijan, Georgia,
Kazakhstan and Kyrgyzstan with an indicator of 30-40%. Based on the results of determining the causality
between the innovative and industrial development of the country and the determinants of digitalization for
the studied 10 Asian and European countries, it was established that the growth of the network of broadband
users, telephone users, and communications and computer s export to service export ratio has a positive effect
on the performance indicator. In contrast, the influence of the rest of the studied determinants of digitalization
is statistically not relevant. According to the results of regression modeling on the identification of the impact
of digitalization on the innovative and industrial development of the country, somewhat different patterns
have been established using the example of Azerbaijan: the most relevant for the country are the growth of
users of telephone communication and Secure Internet servers per 1 million people. The modelling results
also made it possible to establish that such determinants of digitalization as the growth of the network of users
of broadband communication, telephone communication, mobile communication, and Secure Internet servers
per 1 million people. It should be noted that research results are in a queue with other scientific findings.
Specifically, in the paper (Xu, Li, 2022) it was also proved that digital development has a positive influence
on industrial development. In turn, Zhang et al. (2022) also pointed out that digitalization contributes to a
country's industrial and economic development. The authors highlighted that for specific country samples
(similar to the research country sample), the strength of this relationship might be even higher than in more
developed countries. Polder et al. (2010) also gained similarities to the curtain research results: they revealed
that the growth of the network of broadband users contributes to economic and industrial growth. Gaglio et
al. (2022) concluded that «internet surfing has a positive and statistically significant effect on both product
and process innovation». Yoo and Yi (2022), based on the existing empirical results on the influence of
digitalization on innovation, concluded that digital technologies positively impact innovative development,
industry performance, and product cost. Andreoni et al. (2021) also mentioned that digitalization (specifically,
Internet broadband and mobile broadband) could significantly contribute to manufacturing and industrial
yield. Concluding the research results, it should be noted that the obtained results are similar to the existing
ones. Still, most of the research focuses on identifying digitalization's economic and productivity
consequences. In contrast, this research focuses on identifying the impact on industrial and innovative
development and vice versa. Moreover, as it is argued by Yoo and Yi (2022), the active stage of Industry 4.0
was started in 2016 and triggered a digitally-driven transformation in all spheres of public life. Therefore, it
becomes crucially important to realize comprehensive empirical results to reveal regionally-specific patterns
of digital impact and adapt to its business and regulatory framework. That is why this particular research
supports earlier empirical findings and generates new knowledge.

The obtained empirical results could be useful for scientists in deepening this study. The representatives
of government authorities could benefit from the development or adjustment of state strategies for innovative
and industrial development, taking into account the challenges of the digital environment, as well as in the
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context of the development of strategies for state support and stimulation of innovative-industrial cluster
development.
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TeopeTHKO-MeTOH0JIOTIYHI ACTIEKTH PO3BUTKY iHHOBALIIHO-NIPOMUCJIOBUX KJIacTepiB B yMoBax uudposizauii

L5 cTaTTs y3aranabHIOE apryMEHTH Ta KOHTPAapIryMEHTH B paMKaxX HayKOBOI IMCKYCii 3 TUTaHb BU3HAYEHHSI OCHOBHUX
TEOPETHYHHX Ta NMPAKTHIHHX 3aca] (HyHKIIOHYBaHHS IHHOBAIlifHO-TIPOMHUCIIOBHX KJIAcTEpiB y Pi3HUX KpaiHaxX CBiTy, a
TakoX (opmartizarii BIDMBY IdpoBizamii Ha iX MiSNTBHICTE. Y CTATTI y3arajJbHEHO HAYKOBI IIJXOIW 10 BU3HAYCHHS
OCHOBHHMX XapakKTCPUCTHK Ta OCOOIMBOCTEH (YHKI[IOHYBAaHHS IHHOBAIIHO-IPOMKCIOBUX KJIACTEPIiB. 3 METOMO
OOI'pYHTYBaHHS TEOPETUUHHX 3aKOHOMIPHOCTEH B3a€MO3B’ 13Ky MIXK JIisUTbHICTIO IHHOBAIIHO -IPOMHCIIOBHX KJIACTEPIB
Ta npouecamu nudposizaiiii, y podoTi 3aificHeHo 0101IOMETPHYHUIT aHAaJIi3 OCHOBHHUX Iy OJTiKaIliii Scopus 3a 03HAYCHUM
HANpsIMKOM 3 BUKOPHCTAHHSIM IHCTpyMeHTapito Vosviewer. Y XoJi JOCITIDKEHHS BH3HAUY€HO T'OJIOBHI 3MiCTOBHO-
KOHTEKCTyallbHI KJIACTCPU HAYKOBHX JIOCHI/PKEHb 3 PEJICBAHTHOI TEMAaTHKH, OXapaKTEPU30BAHO CBOJIOIIMHI
3aKOHOMIPHOCTI X 3MiHM 3a JOCHIDKYBaHHMH Iepiof. 3 METOI BU3HAYECHHS EMITiPUYHUX 3aKOHOMIPHOCTEH BIUIMBY
nudpoizanii Ha IHHOBaLiHHO-TIPOMHCIOBHI PO3BUTOK, aBTOPAMH PO3POOJIEHO IHTETpabHUN [TOKa3HUK 1HHOBALiHHO-
MIPOMUCIIOBOTO PO3BUTKY. I[HIEKC BpaxoBye OCHOBHI IapaMeTpH Ta perioHaJbHI OCOOIMBOCTI IIPOMHCIIOBOTO,
MiANPUEMHHUIIBKOTO Ta IHHOBALIHHOTO PO3BUTKY. [HTErpyBaHHS iHIMKATOPIB NMPOBEJICHO 3 BUKOPHCTAaHHSIM METOMY
TOJIOBHMX KOMIIOHEHT Ta aJUTHUBHOI 3rOpTKH. Y poOOTi 3IiHCHEHO MOJIENIOBaHHS BIUIMBY HapaMeTpiB Iu¢posizamii
€KOHOMIKM Ha iHTerpajbHUH MOKa3HWK iHHOBAIIHHO-IIPOMHCIIOBOTO PO3BHTKY 3 BHKOPHCTaHHSIM IHCTPYMEHTApIiIO
peTpeciifHOr0 MOJICIIOBAHHS MAaHENBHIUX JaHUX Y MporpaMHOMY mpoaykTi Stata 14.2/SE. YV mociimkeHHi 3acTOCOBaHO
omHO(aKTOpHI perpeciifHi Mojelni Ui BU3HAYCHHS JETEPMiHAHT HU(PPOBOTO PO3BUTKY IEpiKaBH, SKi HAHOLIBIIONO
MipOI0 3aJIeXKaTh BiJl BOJIATHIIFHOCTI iIHHOBAIIHO -TIPOMHUCIIOBOTO PO3BUTKY Kpainu. O0’exTom nocmimkeHHs € 10 kpaiH,
cepen akux AzepOaitmxkan, Ecronis, ['pysis, Kasaxcran, Kupruscran, Jlatsis, Jlursa, Ilonbmia, Pymynis Ta Ykpaina.
Iepiogom pociipkenns oo6pano 2009-2021 pp. (um ocraHHId AoCcTynHHi mepion). Pe3ympraté mpoBeaeHOTro
JIOCITI/PKEHHS] MOXKYTh OyTH KOPUCHHUMHU HayKOBIISIM, OpraHaM Jep>KaBHOI BJay Ta MICLIEBOIO CAMOBPSIyBaHHS.

KarouoBi ciioBa: iHHOBALIITHO-IPOMUCIIOBI KJIACTEPH, IiKUTAITI3allisl, TaHEJbHI JaHi, perpeciiiHe MO/IeIIOBaHHSI.
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