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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Govindan Kannan Industry 4.0 has already become part of the world’s largest manufacturers and is beginning to influencing small
and medium-sized enterprises (SMEs) through the supply chain. High-tech industries, such as pharmaceuticals,
electronic equipment, aircraft manufacturing, etc., will be the first to face technological transformation. To this
end, it becomes relevant to assess the sustainability of the technological development of SMEs as a factor of their
successful digital transformation. This paper fills a gap in the study of such development as it pertains to Russian
high-tech SMEs. Based on a critical literature review, we propose a new approach to assessing the sustainable
technological development of these industries. The approach is distinguished by the use of a set of five indicators
highlighted during the literature review, which can be quantified based on financial statements. The choice of
variables is justified by their compliance with the specifics of industrial SMEs and KMO and Bartlett tests. We
empirically tested the selected indicators using a sample of 7980 enterprises in two high-tech industries: Elec-
trical and Electronic Equipment (EEE). We concluded that the larger the business, the higher the sustainability of
its technological development. At the same time, SMEs have two key advantages in the implementation of
technological development — a decrease in resource costs of production, flexibility in asset management and gross
profit. The proposed approach allows us to identify promising high-tech SMEs for the transition to Industry 4.0
technologies. Our research will be useful both for private enterprises when searching for technologically
promising contractors and for public authorities when analyzing and selecting enterprises for pilot digital
transformation.
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Raymond and St-Pierre (2010) confirm that technological innovations
are a key factor in the competitiveness of industrial small and

1. Introduction

Today, enterprises around the world are facing a new industrial
pattern and trying to adapt their production to Industry 4.0 technolo-
gies. Thus, technologies and sustainable technological development
form the basis of companies’ competitiveness. Large corporations are
still the undisputed leaders in the transition to new technologies.
However, looking into the near future suggests that small businesses will
soon have to adapt to this process. Thus, procedural innovations
(introduction of state-of-the-art technologies, updating of old equip-
ment) are important for small industries, and the fourth industrial rev-
olution is characterized by these innovations (Pérez et al., 2018).

medium-sized enterprises (SMEs). They can benefit more from proce-
dural innovations rather than product innovations since small manu-
facturers are often in tight supply chains and manufacture custom-built
products.

Wiirtz and Kolmel (2012) were the first to highlight the potential
opportunities and benefits of small industrial enterprises adopting In-
dustry 4.0 technologies. According to the research carried out by Davis
et al. (2012), Hirsch-Kreinsen (2016), Kowalkowski et al. (2013), Miiller
et al. (2018), Shin et al. (2014), Zhang et al. (2014), and Masood and
Sonntag (2020), small businesses can succeed from the transition to new
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technologies. According to Raymond and St-Pierre (2010), industrial
SMEs can benefit from investments in technological innovations asso-
ciated with Industry 4.0. Small-scale industry is characterized by flexible
production, and the proximity to the customers forces them to
constantly adapt technologies for customizing products. Among indus-
trial SMEs, companies working in high-tech industries have the primary
need for sustainable technological development because technologies
are the key to their success.

Sustainable technological development in the era of Industry 4.0 has
been studied quite actively especially about its nexus and/or impact on
the environment (Laskurain-Iturbe et al., 2021; Narula et al., 2021; Alola
et al., 2021 & 2022; Hu et al., 2022). This is quite consistent with the
principles of the green economy embedded in the concept of the fourth
industrial revolution. Additionally, researchers have been actively
studying the transition of small businesses to Industry 4.0 technologies,
developing business transformation roadmaps, known as “Maturity
Models”. Mittal et al. (2018) made a major contribution to the system-
atization of the existing knowledge and designs of smart manufacturing
& Industry 4.0 maturity models for SMEs. The authors concluded that
none of the existing Maturity Models are suitable for full use by SMEs.
However, the literature lacks papers aimed at high-tech industries. In
particular, the recently developed maturity model by Rafael et al. (2020)
is for machine tool SMEs only.

Meanwhile, sustainable development of small high-tech enterprises
is also a subject of research, although not in the context of Industry 4.0
technologies. For example, the works of Barrett et al. (2021) and Tzokas
et al. (2015) focused on high-tech SMEs in terms of the role of customers
in their technological capabilities. Bagheri (2017), Busola Oluwafemi
et al. (2019), and Gu et al. (2016) empirically studied the influence of
internal factors of leadership and cooperation on the success of these
companies. Another group of authors focused on the influence of such
factors as the flexibility of innovative management (Ju et al., 2019), the
speed and quality of the operational outcome (Guo et al., 2020), prior-
itizing the factors affecting success (Sadeghi et al., 2012), as well as
cFertain strategic factors (Lee and Kwon, 2017). Petri Ahokangas et al.
(2021), Saarenketo et al. (2004), Love and Ganotakis (2013), Arslan
et al. (2020) dealt with the internationalization and export of high-tech
SMEs. A separate area of research covers state support for high-tech
SMEs, since these companies desperately need financial support, given
the high cost of new technologies (Erol et al., 2016). This issue has been
investigated in recent papers by Ghazinoory and Hashemi (2021) and
Wonglimpiyarat (2015). Fadahunsi (2012) studied the growth patterns
of high-tech SMEs, and Nunes et al. (2012) investigated the relationship
between the growth rate and R&D for non-high-tech vs. high-tech SMEs.

Moreover, a related area of research is readiness indicators, which
are used to assess the digital level of manufacturing SMEs prior to
implementing Industry 4.0. Brozzi et al. (2021) and Nick et al. (2021)
developed qualitative indicators of SMEs’ readiness for the Industry 4.0
transition and assessed them through survey. Saad et al. (2021) used
peer review and benchmarking for the same purpose. Amaral and Pecas
(2021) assessed the barriers to adopting Industry 4.0 by small enter-
prises by examining two case studies. However, we did not find scientific
studies dealing with the quantitative assessment of the sustainability of
technological development of SMEs, including high-tech ones. Addi-
tionally, in spite of the prevalence of empirical reviews of small indus-
trial businesses in the West and Asia, there are no such studies on
Russian companies, a major emerging economy.

This study aims to empirically evaluate the sustainability of the
technological development of high-tech SMEs. This study, on the one
hand, contribute to the lack of empirical knowledge on the sustainability
of the technological development of such enterprises. On the other hand,
the study fills the methodological gap on how to quantify development
in relation to SMEs. Such enrichment of the body of knowledge in this
area will make it possible to improve the policy of stimulating high-tech
small enterprises and thereby increase the competitiveness and sus-
tainability of national economies.

Journal of Cleaner Production 363 (2022) 132322

For the other sections of the study, a review of literature that pro-
posed the methods for assessing technological development is con-
ducted. We identified 34 methods (in Section 2.1) and proposed our own
abductive approach based on the indicators suitable for quantitative
assessment of high-tech SMEs. Second, we revealed a methodology for
creating a database containing information on 7980 high-tech enter-
prises (in Sections 2.2). Section 2.3 describe the methods for a gener-
alized and ad hoc sample analysis, as well as a procedure for testing the
validity of the proposed indicators while an introductory structural
analysis of the sample of enterprises is performed in Section 3.1. In
Section 3.2, the results of assessing the sustainability of technological
development of SME’s for two high-tech industries is presented. More-
over, Section 4 discusses the main contributions and implication of this
paper while Section 5 present conclusions, policy, and future work.

2. Material and methods

The research method consisted of four main steps (Fig. 1): 1) a
literature review to derive the quantitative indicators available to assess
the sustainability of technological development of high-tech SMEs; 2)
creating a database of enterprises in the EEE sector of the Russian in-
dustry for 2001-2020 (per the SPARK database) and processing the
initial database: excluding irrelevant enterprises; 3) assessing the
criteria for sustainable technological development based on the data of
the enterprises in the sample in terms of their scale of activity; 4)
framing conclusions on the suitability of the proposed indicators by the
KMO and Bartlett tests.

2.1. Theoretical framework, identification of indicators

We reviewed the existing literature to investigate whether there are
methods targeting SMEs of high-tech industries. To this end, we selected
34 relevant sources of Russian and foreign authors (RSCI and Scopus
databases). The methods we found allow us to assess various aspects of
technological development with different levels of detail and accuracy.
The overwhelming majority of methods are based on an effective
approach when the technological development of an object is assessed
through the result of such development. At the same time, Western
authors are primarily focused on assessing the technological develop-
ment of entire countries, rather than industries or individual enterprises.
Therefore, most of the methods mentioned further in the text belong to
Russian researchers. Notably, 76% of the analyzed sources are less than
seven years old, which corresponds to the duration of development of
the new industrial pattern.

In general, during our literature review, we did not find any methods
focused on assessing the sustainability of technological development of
high-tech SMEs. Therefore, we conducted a two-stage critical analysis of
the relevant methods: a) we examined the tools for assessing the tech-
nological development applied to other research objects; b) we classified
all the indicators used by other authors as technological development
indicators. This allowed us to determine, on the one hand, a promising
approach and valid assessment methods pertaining to our research ob-
ject (SMEs), and on the other hand, to form a pool of indicators, which
can be considered as relatively generally accepted for such an
assessment.

A review of the relevant methods from the perspective of the applied
tools showed that the main methods are the regression model, statistical
averages, integral indicator, simple relative indicator, evaluation,
benchmarking, ranking (ratings), and matrix assessment. The tech-
niques listed herein certainly have a number of advantages. In partic-
ular, regression models make it possible for the relationships between
technological development factors to be studied and the most significant
ones identified. The average values method allow us to describe the
process of technological development through the averaging of the
characteristics of both individual companies and individual territories.
The integral assessment method allows for a quantitative assessment
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Fig. 1. The research procedures and phases.

regardless of the number of initial factors of technological development.
Expert evaluation and benchmarking enable an intuitive and logical
analysis of the technological development of a variety of actors to be
conducted - from small firms to national economies. Closely related to
these methods are the ratings which support in fact a comparative
analysis of the objects of study. Despite all the listed advantages of the
existing methods of assessing technological development at different
levels of management, we should note that the use of fairly simple in-
dicators is widespread. Moreover, most of the methods have no practical
approbation. These conclusions convinced us that it is advisable to use
the abductive approach, which is a symbiosis of the inductive and
deductive approaches. Its advantage is its use of a combination of
theoretical achievements and empirical research results. Next, we
reviewed the relevant methods from the standpoint of modern theoret-
ical advances—technological development indicators, and then in Sec-
tion 3, we used these indicators to obtain empirical results.

We conditionally divided the indicators of technological develop-
ment found in the literature into four groups: personnel, innovation,
technology quality, and financial and economic performance.

The first group includes the papers of Science & Engineering In-
dicators (National Science Board. Science and Engineering Indicators,
2018), Pokonov (2017), Dubrovina (2015), Kortov (2004), Anisimova
(2013), Strelkova and Kabanov (2012), which assess technological
development through the professionalism and qualifications of em-
ployees. Other sources from this group, including Uskov and Ushakova
(2018), Order of the Ministry of Economic Development of Russia
(2020), United Nations (National Science Board. Science & Engineering
Indicators, 2018), Yakubovsky et al. (2014), Golov (2017), Mikaeva and
Mikayeva (2018) and Gulin et al. (2017), apply indicators of using labor
resources in general. However, according to the studies, highly qualified
personnel cannot be recognized as a valid indicator of the technological
development of Russian SMEs, since such companies are characterized

by a shortage of qualified personnel and turnover of employees (Baeva
and Khlebovich, 2014).

The second group of indicators of technological development is
connected with innovative activities. They include the expenses on in-
novations and the volume of innovative products (Silkina and Erygina,
2016; Rosstat, Dubrovina (2015), Anisimova (2013); Soyan, 2018), the
number of industrial enterprises introducing technological innovations
(Nikanorov et al., 2017; Strelkova and Kabanov, 2012; Samonova,
2020), and the level of production automation (Rachynska and Lisovska,
2011; Mikaeva and Mikayeva, 2018; Ostapenko and Kosyreva, 2017).
Several authors also distinguish the fixed assets renewal rate in this
group (Rosstat, Soyan, 2018; Dubrovina, 2015; Batkovsky and Styazh-
kin, 2016; Order of the Ministry of Economic Development of Russia,
2020). However, there is evidence that this indicator has found limited
use in Russia. According to the National Research University Higher
School of Economics,’ out of the 66% of industrial enterprises replacing
obsolete equipment, 43% sell it on the secondary market, which means
that there are many cycles of resale of obsolete fixed assets. The use of
worn-out equipment does not allow companies to implement techno-
logical innovations which can ensure the economic growth of all highly
developed countries. Renewal rate cannot be used as an objective indi-
cator of the technological development of Russian industrial enterprises.

Another indicator of the second group is the intensity of R&D ex-
penses (Science & Engineering Indicators (National Science Board. Sci-
ence & Engineering Indicators, 2018), Global Competitiveness (Global
Competitiveness Report Special Edition, 2020), OECD (OECD and

! Investment activity of Russian industrial enterprises in 2019 —Moscow:
National Research University Higher School of Economics, 2020). - 15 c.
[Electronic resource] — Access mode: https://issek.hse.ru/data/2020/10/29/
1359053455/Investment _activity 2019.pdf (access date: 11.08.2021).
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Outlook, 2019), Mezentseva, 2015). Its use is also complicated because
of the lack of access to data on R&D expenses. Moreover, this indicator is
not unambiguous for assessing the technological development of SMEs.
There is empirical evidence that R&D expenses can constrain the growth
of industrial SMEs (Nunes et al., 2012). Canadian economists Raymond
and St-Pierre (2010), using a sample of 205 industrial SMEs, proved that
the impact of R&D on innovative products of industrial SMEs is medi-
ated by new technologies. British scientists Roper and Hewitt-Dundas
(2008), using a sample of 2277 Irish industries, found that industrial
SMEs were characterized by less R&D and patent activities. Thus, the
fixed assets renewal rate and R&D expenses cannot be recognized as
valid for assessing the technological development of Russian SMEs.

The third group of indicators is related to the quality of the tech-
nologies themselves. Uskov and Ushakova (2018), Pokonov (2017),
Marabaeva (2016), Shtepa (2013), Li and Schmidt (2019), Rachynska
and Lisovska (2011), Golov (2017), Ostapenko and Kosyreva (2017),
Dubrovina (2015), Kortov (2004), Gulin et al. (2017), Strelkova and
Kabanov (2012) propose that indicators be used to assess the progres-
siveness of the technologies used. However, it is rather difficult quantify
such indicators; therefore, they are unsuitable for the quantitative
assessment of the sustainability of technological development of
enterprises.

The last group of indicators assesses technological development
through the company’s financial and economic performance. This group
includes the utilization rate of production capacities (Shtepa (2013),
Golov, 2017; Nikanorov et al., 2017), labor productivity (Rosstat, Vol-
kova and Efremova, 2013; Soyan, 2018), various costs (Zharov and
Zuckerman, 2015; Kavardakov and Semenenko, 2020), profitability
(Kavardakov and Semenenko, 2020; Prudnikova and Kolbenok, 2017;
Marabaeva, 2016), cost intensity, financial leverage ratio, capital return
(Yakubovsky et al., 2014), energy intensity (Berezikov, 2017), labor
intensity (Ivanova, 2014), returns on assets (Rosstat, Yakubovsky et al.,
2014; Ivanova, 2014; Olefirenko et al., 2014), resource intensity (Order
of the Ministry of Economic Development of Russia, 2020), materials
intensity (Berezikov, 2017; Yakubovsky et al., 2014; Uzyakov, 2011;
Ivanova, 2014), etc.

Of the groups of indicators considered, only financial and economic
ones are most suitable for the selected object of study. They are easily
accessible and consider the specifics of small industrial companies (as
shown above, the remaining groups of indicators are not always suitable
for this). From all financial and economic indicators of sustainable
technological development in our method, we selected those that are
most often used in the research of the last 10 years and can be quantified
(according to the purpose of the study). These indices are the most
recognized by the scientific community. As a result, we obtained a pool
of indicators for a qualitative assessment of the sustainability of tech-
nological development of an industrial enterprise, including high-tech
SMEs (Table 1).

Next, we used each of the selected indicators to form a pool of criteria
of the sustainable technological development of an industrial enterprise
(Table 2). As shown in the table, the introduction of technological in-
novations is generally connected with the regular creation of intellectual
property objects, an increase in return on assets, a decrease in the pro-
duction cycle, a decrease in the resource intensity of production, and, as
a result, an increase in the company’s profit (when income growth
outpaces expense growth). The formula for calculating each criterion
(except for the first) is based on the geometric mean method. Accord-
ingly, the criterion of technological development is considered to be met
if the values are higher than 1. The more criteria are met by the enter-
prise, the higher is the sustainability of its technological development.
As for the first criterion, the regularity of investments in intangible as-
sets, its empirically identified threshold value is 80% (Podshivalova
et al., 2021).

Legend: Rev; is the chain growth rate of revenue; Assets; is the chain
growth rate of the return on assets ratio; Res; is the chain growth rate of
the resource intensity ratio; PC; is the chain growth rate of the produc-
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tion cycle duration; n is the number of periods characterized by growth
rates.

Notably, the list of the selected criteria is not only based on the
theoretical achievements of the academic community but also on the
practice of high-tech corporations. Research carried out by Roland
Berger’ shows that the duration of the production cycle has been
reduced by 24% since 1997. The Brilliant Factory concept developed by
General Electric® is aimed at accelerating the production cycle by up to
60%, increasing production flexibility and efficiency and reducing costs
through the use of sensors and industrial Internet technologies. The
above arguments support the validity of the selected indicators.

2.1.1. Database creation

To justify the object of our research, we considered the classifications
of high-tech industries. Russia, similar to Western countries, applies the
criteria of the Oslo Manual (OECD. Furostat, 2018) and Eurostat
(considering the OECD recommendations), namely: the intensity of R&D
expenses, the number of employees engaged in R&D, the share of en-
terprises which introduced a new product during a certain period, and
the number of patents and publications (Mezentseva, 2015; OECD and
Outlook, 2019). According to the Oslo Manual (OECD. Eurostat, 2018),
an enterprise’s level of innovativeness can be determined based on its
level of innovative activities, and since technological development is
part of innovation (OECD. Eurostat, 2018), the selection criterion is
innovative activities of enterprises. As a result, we selected two
high-tech industries: a manufacturer of computers, electronic and opti-
cal products (hereinafter referred to as the electronics industry), and a
manufacture of electrical equipment. All over the world, including
Russia, these industries are the most technologically important for the
digital transformation of the economy. Enterprises of these industries
are not only consumers of Industry 4.0 technologies but also manufac-
turers of its elements to be delivered to other industries (construction,
IT, housing and communal services, defense industry).

The sample enterprises were screened for subsequent empirical
research. The original sample included 7283 (electronic equipment in-
dustry — EEE1) and 7029 (electrical equipment industry — EEE2) enter-
prises operating as of January 01, 2021. The analysis covered all scales
of activities: from microenterprises to business leaders. Reports were
obtained from the SPARK database, the observation period was 20 years
(2001-2020).

The original samples were pre-processed (Fig. 2). First, we excluded
enterprises with “zero” balances, which do not demonstrate any finan-
cial activity, without an average payroll, and (or) are not attributed to
any scale of activity, i.e., those which have not submitted information.
Such companies are generally abandoned by their founders and submit
zero balances while waiting to be closed. This group predominately
consisted of microenterprises.

As a result, the sample of enterprises was reduced by almost 40%
(See Fig. 2). This means that almost one in two operating enterprises (i.
e., those not undergoing liquidation) in the industry can be classified as
“dead souls” or short-lived companies. Then, the microenterprises of the
sample were analyzed separately from small enterprises, because in
Russia microenterprises are often special-purpose entities (SPEs) for
large businesses, affiliated to large businesses (the founders of such
companies are relatives of senior management), or act as custodians of
assets or elements of holding structures (when large and medium-sized
businesses are deliberately split into micro and small businesses to
gain access to tax incentives) (Kiseleva and Fonotov, 2017).

2 Mastering product complexity. [Electronic resource] — Access mode: htt
ps://www.yumpu.com/en/document/view/33174119/mastering-product
-complexity-pdf-3316-kb-roland-berger.

3 Biller S., Annunziata M. (2014) A Brilliant Factory with 20/20 Vision.
[Electronic resource] — Access mode: https://www.ge.com/news/reports/a-br
illiant-factory-with-2020-vision.
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Table 1
Indicators of technological development of an industrial enterprise.
Indicator Designation Calculation formula Author
Presence of regular investments in Intangible Years with IA on the books (€8] Podshivalova et al. (2021, N tal (N tal. 2012). OECD (OECD
intangible assets on the books assets (IA) Age of the company odshivalova ctal. » Nunes et al. (Nunes et al., ), ¢ .
Eurostat, 2018), Strelkova and Kabanov (2012)
Ratio of the growth rate of the Rev Growth rate revenye 2
., - Strelkova and Kabanov (2012)
enterprise’s revenue to the growth rate Growth rate prime cost
of the prime cost
Returns on assets ratio Assets Revenue [©)) .
a Yakubovsky et al. (2014), Rosstat, Ivanova (2014), Olefirenko O. et al.
verage annual noncurrent assets
(2014)
Resource intensity ratio Res Averate annual asset value (€] . X X
T Revewe Ivanova (2014), Order of the Ministry of Economic Development of Russia
(2020), Prosvirina and Tashchev (2014), Berezikov (2017); Yakubovsky
et al. (2014), Uzyakov (2011)
Duration of the production cycle PC Average annual inventory 5)

Cost of _sales /365

Yakubovsky et al. (2014), Borovkov et al. (2018)

Table 2
The criteria of sustainable technological development of an industrial enterprise
(authors).

Criterion Designation ~ Calculation formula
Regularity of investments in intangible GR_IA IA -100% ©6)
assets IA
Exceeding the growth rate of the GR_Rev 1 @)
enterprise’s revenue over the growth (T, Revi)ﬁ
rate of the prime cost
Growth of return on assets GR_Assets l (€))
(TT, Assets;)n
Decrease in resource intensity GR_Res 1 9
(TTi1 Resi)
Reduction in the production cycle GR_PC 1 (10)
(ITi-, PG

Size of the original database, pcs.

1. Exclusion of nominally present
enterprises, pcs.

2. Exclusion of enterprises, which
do not submit information and
have one staff member. ncs.

Size of the final database, pcs.

Manufacture of

the development of industries. To this end, we used the Herfindahl-
Hirschman index,* which allows us to assess the level of industry het-
erogeneity (formula (11)):

HHI= S+ S5 +...+ S? an
where S; is the share of the sales revenue of the i-th enterprise in the
market; and n is the number of enterprises in the industry.

To calculate the index of the sample of enterprises for the industry in
general, we used the revenue shares of each individual enterprise. The
index relating to scale of activity is determined from the revenue of
enterprises grouped by four scales of activity (micro, small, medium,
and large).

The selected indicators were assessed for their reliability and selec-
tion correctness using the Bartlett and Kaiser-Meyer-Olkin (KMO) tests

Manufacture of

electrical electronic
eauinment eauinment
7,029 \/ 7,283
-428 -513
-2,602 -2,789

Fig. 2. Stages of screening the sample of enterprises.

2.2. General & specific sample analysis

The indicators should be calculated with structural and average in-
dicators for the sample in terms of the scale of the companies’ activity.
We determined the average age of enterprises, the regularity of in-
vestments in intangible assets, the ratio of the growth rate of revenue
and prime cost, the ratio of return on investments and resource intensity,
and the duration of the production cycle (the formulas are presented in
Table 2). We calculated the shares of enterprises meeting one or multiple
(more than three) technological development criteria.

We also assessed the role of enterprises of various scales of activity in

(Kaiser and Rice, 1974) (Table 3). The pre-coded data were processed
using the IBM SPSS software.

4 Herfindahl - Hirschman index/A. G. Pripadcheva//Great Russian Encyclo-
pedia: [in 35 vol]/Chief editor Yu.S. Osipov. — Moscow: Great Russian Ency-
clopedia, 2004-2017.
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Table 3
—The results of the KMO and Bartlett tests (authors).
Indicator EEE1 EEE2 Standard
value
Kaiser-Meyer-Olkin Measure of Sampling ~ 0.739 0.650 >0.5
Adequacy
Bartlett’s Test of Approx. Chi- 2845.202  1898.717 -
Sphericity Square
df 10 10 -
Sig. 0.000 0.000 <0.05

The results confirmed that the selected criteria can be correctly applied in a
single set.

3. Results
3.1. Structural analysis of the sample of enterprises

The structure of the samples of both industries is subject to the global
regularity that microenterprises and small businesses constitute the
numerical majority (93%). At the same time, small business (excluding
microenterprises) are a fairly widespread form of activity (about 25%
are small businesses). The enterprises in the sample are mainly char-
acterized by a mature age, which increases proportionally with the scale
of activity (Fig. 3).

Table 4 presents the results of assessing the role of enterprises of
various scales of activity in the manufacturing volume for their
respective industries.

The values in the table show that each industry sample is charac-
terized by numerous enterprises, with no monopoly. The values of the
indicators are within 100 (HHI <1000 means it is easy for a new com-
pany to enter the market) and the industry can be characterized as low-
concentrated. However, the calculation of the indices in terms of the
scale of activity showed that the market is highly concentrated (1800 <
HHI <10,000), where more than half of the industry’s revenue is from
large enterprises. This is also evidenced by the data in Fig. 4.

Over 20 years SMEs give 50% of revenue on average in both in-
dustries, which indicates their significant role in high-tech
manufacturing.

We also plotted the trend of changes in the total revenue of the in-
dustries to assess whether it corresponds to the specifics of high-tech
industries (Fig. 5). The initial values were preliminarily filtered for
inflation (according to the data of the Bank of Russia).

Thus, according to industry research (Bockova and Meluzin, 2016;
Ehie and Olibe, 2010; Jaruzelski et al., 2015; Knott et al., 2011) and
empirical data (OECD Stat.; UNESCO stat., 2019; Global Research and
Development Expenditures: Fact Sheet, 2021; PWC, 2018), the growth
in the competitiveness (and therefore income) of an enterprise is closely
related to growth in R&D expenses and investments in intangible assets.
A company’s regular innovative activities in high-tech industries are a
factor of its survival. Consequently, all other things being equal,
high-tech industries tend to have an upward trend in total revenues. We
also confirmed this hypothesis when studying another high-tech in-
dustry — pharmaceuticals (Podshivalova et al., 2021).

3.2. Results of the empirical assessment

Fig. 6 presents a visualization of the results of a quantitative
assessment of the sustainability of technological development for en-
terprises in the sample according to the design (Fig. 1). We included the
shares of small (excluding microenterprises), medium-sized, and large
enterprises in terms of the established five criteria of technological
development.

The values show the share of enterprises of a particular size which
meet the corresponding criterion throughout the entire analyzed period.
The radar charts have the same dimension; the graduation is 20%. In-
dustry average values are marked on the axes for easy comparison. The
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values of small enterprises exceeding the corresponding values of
medium-sized and large enterprises are marked with crosses; these
include the resource intensity ratio and the ratio of the growth rate of
revenue and prime cost.

The share of enterprises meeting any criterion of technological
development increases as the business grows in scale. This trend is
pronounced for the indicators of the regularity of investments in
intangible assets, the reduction in the production cycle, and the increase
in return on assets. At the same time, we revealed that the shares of
enterprises with a growing return on assets ratio are approximately the
same in both industries, both on average within sample and for large-
scale production. For SMEs, these indicators are industry-specific.
Thus, the data show that in the EEE2 sample, only one in three small
businesses benefits from technological development in the form of
increased efficiency of using fixed assets, and in the EEE1 sample, the
result is even less — one in four. At the same time, the indicators of small
companies in both samples are inferior to those of large and medium-
sized companies, while in the electronic equipment industry these in-
dicators are also inferior to microenterprises (among all the enterprises
in the EEE] sample, the share of small enterprises increasing return on
assets is the lowest).

The advantage of small high-tech companies is that they are not
inferior to large ones in management flexibility and in exceeding the
growth rates of revenue over prime cost (which indicates a reduction in
specific production costs). The results of similar empirical studies indi-
rectly confirm the validity of our conclusions. Thus, Lefebvre et al.
(2009) proved that process innovations at industrial SMEs are aimed at
improving competitiveness by reducing production costs and increasing
the flexibility of their productive apparatus.

Further, we assessed the sustainability of technological development
of companies of different sizes for the two industries (Fig. 7). Combining
the technological development criteria confirmed the validity of classi-
fying the electronic equipment industry (EEE1) in the top tier of high-
tech industries. The share of enterprises meeting three or more tech-
nological development criteria in the sample of this industry is 19.2%,”
while the share of enterprises in the sample of electrical equipment is
13.1%. A similar distribution is observed among small companies:
22.1% and 16.1%, respectively. Based on our assumptions, we
concluded that the share of enterprises with sustainable technological
development is higher in the electronic equipment industry.

Notably, in both high-tech industries, the prevalence of small en-
terprises with sustainable technological development (three or more
criteria met) is lower than that of similar medium-sized and large en-
terprises. This indirectly indicates that it is easier for large businesses in
Russia to implement technological development than for small ones.
Consequently, such enterprises need targeted government support. Eu-
ropean researchers of SMEs in high-tech industries also note their high
dependence on government financial support (Nunes et al., 2012).

4. Discussion
4.1. Justification of the result outcome

The results we obtained are interesting from two points of view —
practical and theoretical. The first is to compare our results with findings
from similar empirical studies. However, as shown in the literature re-
view, there are currently no similar studies of high-tech SMEs. We have
therefore drawn on the experience of developed countries and tested
Russian SMEs for compliance with the specifics identified in this sector
in developed economies (Table 5). In particular, Fadahunsi (2012)
found that industrial SMEs which reach a higher level of technological

5 Hereinafter, the final figure is obtained as follows: 15% + 4% + 0.2% (the
sum of the shares of the enterprises meeting three or more technological
development criteria).
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Fig. 3. Structural analysis of the sample of enterprises.

Table 4
Values of the Herfindahl-Hirschman index for the industries.

Name of industry Value of the Herfindahl-Hirschman index (HHI)

For the scales of activity

For the sample in general
for 2001-2020

For Only
2001-2020 2020
Electronic Equipment 94 85 3462
Manufacturing (EEE1)
Electrical Equipment 111 112 3433

Manufacturing (EEE2)

development show more growth than analogous companies which failed
to do so. Nunes et al. (2012) studied the relations between the charac-
teristics of the development of Portuguese enterprises in high-tech and
low-tech industries. According to their estimates, high-tech industrial
SMEs were larger and older than low-tech companies on average.

EEE1
51%

A OMicroenterprises

All of the above indicators for industrial SMEs with sustainable
technological development (more than three criteria met) were
compared with a similar indicator for enterprises with less sustainable
development (three criteria met). The results turned out to be
completely comparable with the study by Fadahunsi (2012) and
partially comparable with the study by Nunes et al. (2012). According to
our estimates, industrial SMEs with highly sustainable technological
development in the electrical equipment industry are larger but younger
than enterprises with low sustainable technological development. The
specifics highlighted by Nunes et al. (2012) were not confirmed in the
sample of the EEE1 industry.

The second perspective of our discussions — theoretical — is essen-
tially the answer to the question: how can we explain the phenomena
and their differences in different economies? In our opinion, in order to
justify the above differences, it would be best to turn to institutional
theory. Indeed, this discrepancy in the results is partly explained by the
difference in the quality of the institutional environment of developed

EEE2
51%

O Small enterprises

0 B Medium enterprises

m Large enterprises

Fig. 4. Distribution of the average annual revenue shares by the scales of activity for 2001-2020 (authors).
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Fig. 5. Industry revenue trend for the sample.
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Electronic equipment industry (EEE1)

GR_IA

GR_Rev

GR_PC GR_Assets

—%— small enterprises — — medium enterprises =~ ceceeee large enterprises

Electrical equipment industry (EEE2)

GR_IA

GR_Res

GR_PC GR_Assets

Fig. 6. Compliance of the sample of enterprises with the technological devel-
opment criteria.

and developing countries. One of the recent works by Indian authors Das
et al. (2020) proved that sustainable industrial SMEs are highly depen-
dent on the technology environment, which includes “institutional ca-
pabilities” and “external capabilities”. Das et al. (2020) found that
institutional opportunities have become dominant over time and
significantly influence the sustainability of industrial SMEs, while, on
the contrary, the influence of external opportunities stands out as
insignificant. Bekun et al. (2021) also report a characteristic feature of
economic expansion (high-tech development especially) in developing
economies — a high relationship with institutional support. According to
the UN rating of technological transformation readiness® and the value
of the World Bank’s Digital Adoption Index,” Russia has a high level of
readiness (0.75 out of 1.00 maximum), ranking 27th in the overall rating
and second among developing countries (after China). Thus, the tech-
nological environment in Russia is quite friendly to new technologies of
high-tech SMEs. This means that apart from the institutional factor,
there are several other factors significant for the technological

6 Technology and Innovation Report 2021 [Electronic resource] — Access
mode: https://unctad.org/system/files/official-document/tir2020_en.pdf.

7 World Development Report 2016: Digital Dividends. [Electronic resource] —
Access mode: https://www.worldbank.org/en/publication/wdr2016,/Digit
al-Adoption-Index (access date: 15.08.2021).

Journal of Cleaner Production 363 (2022) 132322

development of high-tech SMEs to be empirically discovered.

The theoretical explanation of our key result - The larger the busi-
ness, the higher the sustainability of its technological development — can
be considered the provisions of the classical theory of small business.
According to this theory, small enterprises have resource limitations
(Hirsch-Kreinsen, 2016; Kowalkowski et al., 2013) and a high degree of
vulnerability (Davis et al., 2012), and, therefore, their technological
development is subject to higher volatility. Our remaining findings are
also valid, since they are consistent with other provisions of the theory of
small business. In particular, high flexibility of management (Zhang
et al., 2014) and adaptation to external challenges (Kowalkowski et al.,
2013; Shin et al., 2014; Adamik and Sikora-Fernandez, 2021), serve as
factors that allow small producers of high-tech industries to achieve
sustainable rates of gross profit growth comparable to those of large
companies.

4.2. Limitation of the study

Among the main limitations of the study are those related to the
completeness of the sample and the limitations of the study method it-
self. The former includes limitations related to the inability to cover all
organizational and legal formats of industrial enterprises in the industry.
In particular, small enterprises operating in the form of individual en-
trepreneurs were not included in the sample. The second type of limi-
tations is related to the research method used. Thus, the set of
technological development indicators selected does not include in-
dicators that are not accessible, for example, data on the costs of
introducing new technologies or on the quality of the technologies
themselves. These limitations provide useful guidance for future
research.

4.3. Implications for sustainable development theory

Most of the contemporary studies on high-tech companies are based
on the samples of enterprises in developed countries. There are very few
similar studies covering developing countries, which increases their
relevance. Our research fills this gap for Russian high-tech SMEs.
However, these results can be useful when studying high-tech SMEs in
other emerging economies with a similar institutional environment.
Thus, the contribution of our research to the existing bulk of knowledge
is twofold. On the one hand, we proposed an abductive approach to
assessing the sustainability of technological development of high-tech
SMEs. On the other hand, during the empirical testing of the method,
we obtained new evidence of the specifics of such development in
emerging economies.

From the point of view of theoretical contribution, the results ob-
tained are significant for improving the theory of sustainable develop-
ment and the theory of small business. In the framework of the first
theory, they identify the specifics of technological development inherent
in high-tech SMEs, in the framework of the second - they propose a new
approach to assessing the sustainability of such development for the
subjects of this sector of the economy.

5. Conclusion and policy recommendation

As a conclusion, we should note that the abductive approach com-
bined deductive and inductive data. A critical analysis of the existing
methods for assessing the technological development of industrial en-
terprises was used as deductive data, which allowed us to identify a set
of key indicators. The inductive data resulted from the empirical testing
of the indicators identified in theory. The use of our approach allowed us
to assess the sustainability of the technological development of high-
tech SMEs based on the methods of statistical processing of big data.
Thus, we filled two significant gaps in the literature: (1) we proposed a
new methodology for assessing the sustainability of technological
development of industrial SMEs and (2) for the first time, we empirically
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Fig. 7. The share of enterprises meeting the sustainable technological development criteria.

Table 5
The specifics of small companies with highly sustainable technological development.
Industry Growth rate of the revenue of the industry’s Revenue, bln. rub. Age, years
code enterprises, unit fractions
highly sustainable low sustainable highly sustainable low sustainable highly sustainable low sustainable
development development development development development development
EEE1 1.56 1.37 101 102 18 23
EEE2 1.75 1.49 139 115 13 17

studied the activities of such enterprises in Russia.

The empirical assessment of the sustainability of the technological
development of high-tech SMEs allowed us to make several important
conclusions.

i

iii.

Small high-tech companies are ahead of medium-sized and large
businesses in reducing resource intensity; it is fair both for the
electrical and electronic equipment industry.

. Small high-tech companies of both samples are almost on par

with large and medium-sized manufacturers in excess of the
growth rate of revenue over prime cost. Technological in-
novations (in particular, the replacement of equipment) influence
the improvement of product quality, expanding the scale of
business, maintaining and developing of traditional sales mar-
kets, creating new markets meeting modern standards, increased
production capacity and flexibility, improved working condi-
tions, and decreased environmental pollution.® These changes are
matched by improvement in reduction in production costs, in-
crease in sales, and increase in profits (Alekseeva et al., 2017).
Therefore, we can recognize that industrial SMEs of high-tech
industries can realize the benefits of technological innovations
on an equal basis with large and medium-sized businesses, sub-
ject to proper government support.

The specifics of high-tech SMEs are twofold. On the one hand,
small businesses have significant advantages in organizing

8 [Electronic resource] — Access mode: https://logistics.ru/learning/news/ce
li-i-rezultativnost-innovacionnoy-deyatelnosti (access date: 16.08.2021).

flexible assets and gross profit management, including within the
framework of technological development.”’ In 2009, researchers
in Canada came to similar conclusions after analyzing a sample of
388 enterprises (Lefebvre et al., 2009). On the other hand, small
enterprises, have fewer opportunities for R&D (creation of
intangible assets) and the purchase of new high-tech fixed assets,
which indirectly affect the acceleration of the production cycle.

iv. The validity of our approach to assessing the sustainability of
technological development of high-tech SMEs is indirectly
confirmed by the compliance of our results with the Eurostat and
Oslo Manual classifications (OECD. Eurostat, 2018). This means
that in the absence of data on R&D expenses, the share of em-
ployees engaged in research and development, cooperation with
institutes and other scientific establishments, etc., our criteria can
be used as an alternative to determine the sustainability of
technological development of enterprises and/or individual
industries.

5.1. Policy significance

Technological development is generally important for industrial
SMEs, but it is only feasible with government institutional support

 Forbes. 2019. 11 Advantages Small Businesses [Electronic resource] — Ac-
cess mode: https://www.forbes.com/sites/forbescoachescouncil/2019/07/22/
11-advantages-small-businesses-have-over-large-corporations-and-how-to-use-
them/?sh=6126bdcf2037 (access date: 16.08.2021).
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(Somina, 2017). Currently, the technologies of the factories of the future
are too expensive and risky for industrial SMEs, which complicates their
implementation (Erol et al., 2016). Because of their weak internal ca-
pabilities, industrial SMEs are more in need of access to external
knowledge than large companies with the necessary resources to master
new technologies and carry out R&D (Cohen and Levinthal, 1989). Be-
sides, there are still no clear design guidelines for how SMEs can
implement Industry 4.0. We agree with the statement by Zambon et al.
(2019) that the authorities determining innovative development should
pursue more active policies to support industrial SMEs in investing in
these technologies and increasing their market competitiveness, since
technological development is a decisive advantage for national econo-
mies (Ermoshina, 2019).

The study can help in solving these problems. Pollard et al. (2021),
Rizos and Bryhn (2022) electronics and electrical equipment industries
significantly influence the sustainable energy source which in devel-
oping countries can be achieved in the long term through the coordi-
nation of business support mechanisms (Adedoyin et al., 2021; Agboola
et al., 2021). Our approach makes it possible to strengthen such support
mechanisms, as it allows for the identification of promising high-tech
SMEs for the transition to Industry 4.0 technologies. In particular, our
method will allow for a more reasonable allocation of limited budgetary
resources. It will direct them to accelerate the technological develop-
ment of those small producers who have already proven their sustain-
ability and who have sufficient potential for the introduction of new
technologies in the future.

5.2. Future study

Our further research will cover the identification of factors sup-
porting and impeding the sustainability of technological development of
high-tech SMEs. Taking into account the importance of government
assistance for this sector of industry, it is also essential to propose
scientifically grounded mechanisms for allocating limited budgetary
funds to provide such support.

In addition, the limitations of the study indicated above may form
the basis of new empirical developments to complement this study. In
particular, research may be optimized by the inclusion in the sample of
individual entrepreneurs, expanding the list of indicators by including in
it the qualitative indicators highlighted by us when describing the
research methodology.

Finally, another area of future work could be the application of the
proposed approach to new research subjects — SMEs of other high-tech
industries, such as the pharmaceutical industry which became strategi-
cally important for national security in the COVID-19 pandemic.
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