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and ending with the large-scale implementation of technological solutions designed to im-
prove productivity, optimize costs, quality and reliability. Defining digital transformations,
primarily in the manufacturing industry, as a strategic imperative for the entire economy
based on opinions and intentions of entrepreneurs (short and medium-term), key aspects of
the digitalization process in Russian medium, high-tech and low-tech manufacturing indus-
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well as many other important digital transformation processes in enterprises that are not
measured by quantitative statistics.
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Introduction

The current stage of digital transformation is
in the active phase and is characterized by break-
through dynamics of the spread and the implemen-
tation of new technologies, changing global markets
and the social sphere. Over the following 10 years,
the gross value of digitalization in various sectors
may amount to more than 100 trillion dollars for so-
ciety and industry [1].

It should be noted that the current stage of digital
transformation is also characterized by a deep pen-
etration of digital technologies into the value chains
in manufacturing, which is reflected in the concept of
Industrie 4.0 [2]. The Fourth Industrial Revolution in
manufacturing is a top priority for many business en-
terprises around the world, as it becomes the driving
force of economic growth, opening up opportunities

that could not be achieved and realized during the
previous revolutions.

IoT technologies play a key role in these chan-
ges [3]. Manufacturing industry relies on technologies
of Industrial IoT (hereinafter – IIoT), undoubtedly
playing a leading role in their implementation [4].

In addition to IIoT, among the technologies, play-
ing an important role in digital transformation of
manufacturing, cloud computing, edge computing,
machine learning and big data analytics, artificial
intelligence, mobile computing, data communication
and network technologies, enterprise resource plan-
ning (ERP, i-ERP), robotic complex, virtual and
augmented reality, blockchain, additive technologies
and 3D-printing can be mentioned [5].

As various studies show, the manufacturing in-
dustry is one of those industries that have been mov-
ing relatively slowly so far in terms of engaging in
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digital transformation process [4, 5]. Like many oth-
er economic activities, in different countries manufac-
turing is represented by large and small local produc-
ers, developing with different potential and speed.
In most enterprises, digitalization initiatives are still
fragmented, a holistic picture of change is still miss-
ing, although the adjustments are obvious [4].

At the same time, it is worth noting that, appar-
ently, it is the digitalization of the manufacturing in-
dustry that largely determines the leadership of some
countries in the field of the digital economy. Interna-
tional experience shows that the higher the level of
digitalization, the higher the competitiveness of na-
tional economies. The leading countries are already
implementing a whole range of large state programs
in the field of advanced technologies in manufactur-
ing and other sectors of the economy, designed to
launch a new technological revolution [6].

The ever-growing number of studies and prac-
tical work on this topic evidences the importance
and necessity of measuring the level of digital de-
velopment. Large studies on digitalization are pro-
duced by the UN [7], OECD [8], World Econom-
ic Forum [1], IMF [9], ITU [10], etc. At the same
time, regular information is provided as part of ex-
pert studies of major international consulting com-
panies, including market leaders such as McKinsey &
Company, PwC, Deloitte, Forrester, which produce
reports on the digitization of the economy as a whole
and its various industries (for example, manufactur-
ing) [4–6, 11, 12].

Along with international, national organizations
and consulting companies, the scientific community
is actively researching the economic aspects of digital
practices and technologies [13–18].

Due to the fact that successful transition to dig-
ital technologies largely depends on the scale and
capabilities of information content, the development
and harmonization of methods for measuring the dig-
ital development of enterprises is currently in an ac-
tive stage in Russia. The importance of research on
industrial phenomena related to digitalization, con-
tributing to inclusiveness and sustainability of eco-
nomic growth, noticeably increases every year.

However, the complex of key technological solu-
tions, which serve as the foundations in manufactur-
ing transformation, is currently not fully covered in
quantitative statistics in Russian statistical practice.
The insufficiency of quantitative statistical account-
ing is especially noticeable in the lack of assessments
characterizing the growth dynamics of digital solu-
tions. The main processes of the measured digital
economy mainly affect the services sector (health-
care, government, financial services, trade).

In this regard, for the operational and large-scale
measurement of the level of penetration of digital
technologies into the Russian business environment,
such a method for estimating the existing level of
digital activity was used as business tendency obser-
vations based on the opinions of the direct partici-
pants in the industry-specific events – entrepreneurs.
Against the background of the prevalence of quanti-
tative assessments, the system of primary qualita-
tive indicators of the business tendency monitoring
of digital activity in manufacturing can significantly
complement and expand the analytical capabilities
of the official standard practices for measuring the
digital economy.

At the international level, there is sufficient num-
ber of studies based on a similar empirical basis
[19–21]. This paper continues their line using Rus-
sian data.

In particular, based on the results of the “Digital
activity of enterprises in the manufacturing indus-
try” business tendency monitoring, the assessments
of managers characterizing various aspects of digi-
talization in general and the level of prevalence of
certain digital technologies at Russian manufactur-
ing enterprises in 2018 were analyzed, presenting op-
portunities that expand the identification of short-
term trends. The set of primary indicators of such
observation, characterizing more than 1200 Russian
enterprises, concentrated in 30 regions of the Russian
Federation, undoubtedly, can significantly fill the ex-
isting information content. The object of the study
consisted of manufacturing industries, representing
the medium and high-tech, as well as low-tech man-
ufacturing.

Based on the data obtained, a set of tendencies
characterizing important processes of digital trans-
formation in enterprises that are not measured by
quantitative statistics has been visualized. To achieve
this purpose, the following tasks were identified:
• To study the level of diffusion of Industry 4.0 tech-

nologies in manufacturing industries.
• Compare the indicators of digital activity of en-

terprises with their strategy in the field of digital
technologies.

• Analyze the involvement of digital technologies in
business processes and the digitalization of labor.
The choice of these tasks was determined both

by the specifics of the available data, and by the de-
sire to reflect many aspects of digital transformation.
In addition to the direct diffusion of technology, it
seems important to study the organizational, man-
agerial and other aspects of digital transformation,
which, as the literature shows [13], are often no less
important.
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The empirical base of research

The results of the monitoring, containing short
and medium-term assessments of the level of dig-
ital activity (prevalence of digital technologies) at
large and medium-sized Russian industrial enterpris-
es in 2018, became the empirical base of this study.
The specially organized business tendency observa-
tion was conducted by the autonomous non-profit
organization “Russian Statistics” commissioned by
the Institute for Statistical Studies and Economics
of Knowledge of the National Research Universi-
ty Higher School of Economics. For the first time
in Russian statistical practice, tendencies based on
the opinions and intentions of managers of manufac-
turing enterprises, characterizing the dynamics and
scale of digital technologies introduction by main
types of technologies, level of industrial readiness for
digital transition and actual participation in the pro-
cess, investment potential, as well as barriers to real-
ization of digital transformation, were detected. The
monitoring was performed by self-filling in question-
naires by respondents (directors or managers of en-
terprises) who have the necessary level of competence
regarding the questions asked in the questionnaire.

The territorial bodies of state statistics did the se-
lection of organizations for conducting business sur-
veys independently. In the survey, the total set of

units of observation is represented by 1230 enterpris-
es registered in Russia, included in sections B, C, D
up to the second level of OKVED 2 classification.

In this paper, the object of study is the manufac-
turing sector in accordance with the classification of
industries and their ranking by technological level.
In our opinion, given the specifics of digitalization
processes at Russian enterprises in order to monitor
digital transformation and the level of digital activ-
ity in the manufacturing industry, it was necessary
to differentiate the units of observation and the re-
sulting information at the level of separate groups of
manufacturing enterprises according to their techno-
logical level.

In order to solve the tasks and obtain more de-
tailed results of the business tendency survey, it
is sensible to use the classification developed by
UNIDO and recommended for use in the CIS coun-
tries [23–25]. It is based on the International Stan-
dard Industrial Classification (ISIC) and the Stan-
dard International Trade Classification (SITC), as
well as the version of the OECD classification adapt-
ed to the characteristics of the countries of the re-
gion, linking industry expenditures on research and
development with value added and production. The
classification includes the following technological cat-
egories: raw materials processing, low-tech produc-
tion, medium and high-tech production.

Table 1
Classification of types of economic activity of the manufacturing industry by the level of technology in accordance

with the all-Russian classifier of economic activity OKVED2 (2017–2018).

Medium- and high-tech production Low-tech production

20 Manufacture of chemicals and chemical products (ab-
breviated: “Chemicals and chemical products”)

13 Manufacture of textiles (abbreviated: “Textiles”).

21 Manufacture of basic pharmaceutical products and
pharmaceutical preparations (abbreviated: “Pharma-
ceuticals”).

14 Manufacture of wearing apparel (abbreviated: “Wear-
ing apparel”).

26 Manufacture of computers, electronic and optical
equipment (abbreviated: “Computers, electronic and
optical equipment”).

15 Manufacture of leather and leather products (abbrevi-
ated: “Leather”).

27 Manufacture of electrical equipment (abbreviated:
“Electrical equipment”).

19 Manufacture of coke and refined petroleum products
(abbreviated: “Coke and refined petroleum products”).

28 Manufacture of machinery and equipment not else-
where classified (abbreviated: “Machinery and equip-
ment n. e. c.” or “M&E n. e. c.”)

22 Manufacture of rubber and plastic products (abbrevi-
ated: “Rubber and plastic products” or “Rubber and
plastic”).

29
Manufacture of motor vehicles, trailers and semi-
trailers (abbreviated: “Motor vehicles, trailers and
semi-trailers”).

24 Manufacture of basic metals (abbreviated: “Basic met-
als”).

25 Manufacture of fabricated metal products, except ma-
chinery and equipment (abbreviated: “Fabricated met-
al products”).

31 Manufacture of furniture (abbreviated: “Furniture”).

Note: Equivalent nomenclature in English for the names of the industries is partially based on NACE Rev. 2 [22].
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The processing of raw materials consists of activ-
ities with a low level of technology, labor-intensive
production processes and low capital intensity. Pos-
sible competitive advantages of such industries are
mainly determined by the presence of local natural
resources in the country or by the fact that the skills
and technologies used in production can attract cap-
ital and promote new technologies.

Low-tech production includes low-tech industries
that have fairly simple skill requirements, but are
more capital-intensive. In developed countries, the
assembly operations of such industries are often
transferred to countries with cheap labor and raw
materials, while complex production and technolog-
ical functions are retained within the country.

According to the recommendations of UNIDO,
medium-tech and high-tech manufacturing industries
for Russia are combined into one group character-
ized by complex technology and high requirements
for personnel qualifications. Medium-tech industries
include enterprises with moderately high level of sci-
entific research and development, requiring complex
skills, continuous training, adopting “best practices”,
improving equipment and optimizing composite pro-
cesses. High-tech industries use advanced technolo-
gies that require large investments in research and
development, technological infrastructure and the
level of special technical skills.

In our study, industries representing medium-
and high-tech, as well as low-tech manufacturing
were embraced. Table 1 presents the distribution of
economic activities regarding the technological struc-
ture of manufacturing in accordance with the classi-
fication of OKVED 2. The set of industries in the
technological categories “low-tech production” and
“medium- and high-tech production” corresponds to
the recommendations of UNIDO.

Methodology

The construction of the digital activity monitor-
ing program in the format of obtaining reliable data,
that is, comprehensive, high-quality and comparable
in terms of economic activity results of business sur-
veys, was based on international experience in gen-
erating and measuring digital progress. The under-
lying sources in the design of the survey program
were:
• the relevant practice of the European Commission

(EC) regarding the methodology for creating and
implementing a unified digital agenda in Europe
aimed at ensuring sustainable economic and social
benefits from market digitalization, as well as con-
ducting annual surveys of the information society;

• EC core strategy and platform for digitalization of
the European manufacturing industry to achieve
the full benefits of a single digital market and
digital innovations;

• EC guidelines and plans to assist European man-
ufacturing, small and medium-sized businesses,
researchers and government agencies in maximiz-
ing the use of digital technologies;

• composite performance indicators combined into
the European Digital Economy and Society Index
(DESI) (key blocks, construction methodology
and results analysis practice).
The survey of heads of manufacturing organiza-

tions was conducted on a specially designed ques-
tionnaire – “Survey of business tendencies and digital
activity of manufacturing”, containing 15 integrated
thematic blocks of questions corresponding to differ-
ent qualitative parameters of activity.

In general, the system of indicators and the struc-
ture of relevant issues in the survey program are
based on the following standard methodological prin-
ciples going from the recommendations of the Or-
ganization for Economic Co-operation and Develop-
ment (OECD) and the Statistics Department of the
European Commission (EC):
• questions relate to the characteristics of the activ-

ities of the organization directly surveyed;
• questions reflect the dynamics of indicators for the

year;
• on all issues related to the assessments of the dy-

namics (tendencies) of indicators, a three-category
graduation is used: the number of respondents
indicating growth (improvement) (+), no change
(=), decline (deterioration) (−), respectively;

• all information obtained in the process of business
tendency survey is of a qualitative nature.
Business tendency observations are a method of

collecting information from a certain number of units
or individuals that make up a sample in order to
make sensible conclusions about main tendencies in
a change of the statistical population. An objec-
tive advantage is the ability to receive answers from
the economic community to many key questions re-
lated to short-term features of industrial function-
ing, which are often not reflected in official quan-
titative statistics. Traditional quantitative statistics
shows changes in objective conditions, while qualita-
tive survey data show how economic agents interpret
and evaluate these changes.

Consequently, the analysis of the results obtained
consisted of the measurement and ranking of the in-
tensity of development or the prevalence of one or
another aspect of the observation (indicator). Ana-
lytical interpretation of the digitalization processes
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of manufacturing enterprises was represented in the
visualization, which in real time characterizes the
current and expected business tendencies in terms
of changes in digital activity.

Considering that now there are many alternative
methodological approaches to measure and present
the results of measuring the effects and processes of
digitalization, authors decided to use some of them
additionally for our tasks, adapting them for the Rus-
sian practice of measuring digital activity. In partic-
ular, along with the traditional methods of the ana-
lysis of nonparametric information, authors used the
McKinsey & Company approach to measure the level
of real use of digital technologies in business process-
es and the level of digitalization of labor [26]. Authors
found an interesting the approach in which they di-
vide the digital activity indicators into three cate-
gories: “digital assets”, “digital use” (digital tech-
nologies use in business processes) and “digital la-
bor”. They proposed this classification within the
framework of the MGI digitalization index method-
ology for 22 sectors of the US economy [26]. Due to
the fact that authors are working with qualitative
nonparametric indicators, the indicator of “digital
assets” was decided to be excluded, for an adequate
measurement of which data are necessary in quanti-
tative form. One of the results of the McKinsey &
Company study was that it is the digital use and the
digital labor that are key to the digital transforma-
tion of industries, so excluding this category seems

acceptable. Authors decided to rely partially on this
division method, adapting it for the Russian prac-
tice of measuring digital activity. The study of digi-
tal transformation in this differentiated form turned
out to be important for identifying specific aspects
of digitalization that need additional attention from
business and government.

The prevalence of digital technologies
in the manufacturing industries

In this section, digital technologies for the cur-
rent level of prevalence at Russian manufacturing en-
terprises in 2018 were examined. The results of the
analysis are presented in accordance with the indus-
try classification and the division by technological
level (Figs 1 and 2).

On the basis of the survey questionnaire, the fol-
lowing nine technologies were identified, the imple-
mentation of which in the production was stated
by the respondents interviewed: intellectual robot-
ic complexes; 3D printing (includes only fused de-
position modeling); additive technologies (includes
additive manufacturing technologies besides fused
deposition modeling, such as selective laser sinter-
ing, laser stereolithography etc.); open manufactur-
ing technologies (digital instruments allowing the use
of networks of geographically dispersed manufactur-
ing facilities); cloud computing; manufacturing ana-
lytics technology; IIoT; big data processing technolo-
gies; Radio Frequency Identification (RFID).

Fig. 1. Ranking of medium and high-tech industries by the level of prevalence of digital technologies.
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Fig. 2. Ranking low-tech industries by the level of prevalence of digital technologies.

Within each studied technology, the industry
samples were divided into three segments, according
to the “high”, “medium” and “low” level of preva-
lence. The principle of this division was the ranking
of the sample by the size of the share of respon-
dents who indicated the implementation of a par-
ticular technology. The industries with the highest
coverage received a “high” level of the technology
prevalence, with the medium coverage – “medium”,
and with the low coverage – respectively, “low”.

According to the presented visualization (Fig. 1),
in the medium and high-tech industries, the leading
technology in terms of a high level of presence in
the industry was IIoT. It was within this technology
that the largest number of industries were concen-
trated, among which were computers, electronic and
optical equipment, electric equipment, chemicals and
chemical products, motor vehicles, trailers and semi-
trailers.

In addition to IIoT, the technologies that accu-
mulate a great number of industries in the high-level
segment should include intellectual robotic com-
plexes, the manufacturing analytics technology and
RFID.

It should be noted that intellectual robotic com-
plexes, as well as IIoT, were most prevalent in enter-
prises producing computers, electronic and optical
products, motor vehicles, trailers and semi-trailers
and electrical equipment.

Pharmaceuticals, the motor vehicles industry and
the production of machinery and equipment n. e. c.

became industries with a high level of the RFID tech-
nology prevalence. In the case of the pharmaceutical
industry, the observed tendency is largely determined
by government policy. Since 2014, when the decision
was made on the need to create a unified labeling sys-
tem to control the movement of goods in the territo-
ry of the Eurasian Economic Union (EAEU) member
countries, government projects are implemented an-
nually to introduce product labeling in various indus-
tries using RFID [27]. The pharmaceutical industry
has become one of the industries most affected by
these projects.

Further differentiation of industries within the
segment of high involvement of the remaining tech-
nologies shows that additive technologies and 3D
printing were common in the motor vehicles indus-
try and the computers, electronic and optical equip-
ment production. This result is consistent with ex-
isting studies on the use of additive production in
various industries [28].

Let us move to the level of the digital technolo-
gies prevalence among a group of low-tech industries
(Fig. 2). Cloud computing has become the most com-
mon in the low-tech segment. As shown by the results
of the survey, this technology was used at a relatively
high level in three sectors at once – the production of
basic metals, fabricated metal products and rubber
and plastic products.

The following relatively common technologies
were intellectual robotic complexes, big data and
RFID, which were present at a high level in the
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industries of fabricated metal products, rubber
and plastic products, leather, as well as coke and
petroleum products.

As the analysis showed, the manufacture of fabri-
cated metal products in the low-technology segment
has become the industry that is most susceptible to
digital technologies. At the low level, industrial en-
terprises for the production of textiles, furniture and
leather were mainly concentrated.

Digital activity of enterprises
and the presence of a strategy in the field
of digital technologies

The business tendency survey program also al-
lows to measure the level of digital activity, as well
as the presence of a strategy in the field of digital
technologies in enterprises. Taking into account the
analysis of the level of the digital technologies preva-
lence on production, authors considered it important
to identify and demonstrate in detail the character-
istics of the distribution of industries in accordance
with their digital activity and the digital strategy.

To do this, two sets of the survey results were
identified, the first of which includes industry-wide

assessments of managers characterizing their own
digital activity as “high”, and the second – the pro-
portion of respondents who stated about the pres-
ence of digital technology strategy. The analytical in-
terpretation of the results is visualized in Fig. 3. Ac-
cordingly, the abscissa axis reflects the assessments
of respondents with a “high” level of digital activ-
ity, and the ordinate axis represents the shares of
enterprises that had a strategy in the field of digital
technologies.

The group that included the maximum shares of
both enterprises with high digital activity and the
enterprises with the developed digital strategy con-
sisted of computer production and production of fab-
ricated metal products, which is quite consistent with
the results of the ranking of industries by the level
of digital technologies prevalence. A slightly lower
concentration of such enterprises was represented by
manufacture of machinery and equipment n. e. c.,
chemicals and pharmaceuticals. The electrical equip-
ment industry stands alone, where, against the back-
ground of a fairly high level of digital activity, the
concentration of industries that operate on the basis
of a digital strategy is only at a medium level. Final-
ly, the group that accumulated the smallest share

Fig. 3. Distribution of manufacturing industries in accordance with the level of digital activity
and the presence of a strategy in the field of digital technologies.
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of enterprises with a high level of digital activity
and a relatively small share of enterprises that had
their own digital strategy included the production of
leather, textiles, wearing apparel, furniture, as well
as coke and petroleum products.

In general, the existing distribution partially
overlaps with the tendencies represented by Figs 1
and 2, although there are some exceptions. It can
be assumed that the directors’ perception of their
own digital activity depends largely on their general
understanding of the situation and the strategy for
further development. The number and variety of dig-
ital technologies being introduced can sometimes be
less significant, as can be seen, for example, in the
case of pharmaceuticals: in the previous section, this
industry was among those with the least amount of
digital technologies at high and medium levels, but
this did not negatively affect directors’ perceptions
in terms of their digital activity.

The use of digital technologies in business
processes and the digitalization of labor

Because of the topicality of these issues it was im-
portant for us to find out, on the basis of the obtained

survey results, what criteria for digital transforma-
tion and to what extent determined the use of digital
technology in business processes at the moment, and
which of them became significant to digitalization of
labor in manufacturing in 2018 (to solve these prob-
lems, the McKinsey & Company approach, described
in detail in the methodology section was used [26]. In
particular, to solve each of the tasks, we focused on
the criteria, expertly selected from the survey ques-
tionnaire, the most relevant to two categories – “dig-
ital use” and “digital labor”.

The following indicators were selected as the cri-
teria for the “digital use”, the level of which the man-
agers rated “above the normal level” (see Table 2).
Some criteria come into contact with the digital tech-
nologies from the first section (Figs 1 and 2), but it is
worth noting that here authors are considering the
same technologies through another prism. If in the
first section authors relied on data on the number of
enterprises, where at least to some extent there was
experience in implementing a particular technology,
then in this section the data on the number of enter-
prises indicating high intensity of technology use or
widespread use of certain digital practices were used.

Table 2
The use of digital business processes in manufacturing sectors.
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The visualization shows that medium and high-
tech industries differ from low-tech ones by a higher
level of cloud services use, emphasizing a certain lev-
el of the digital gap. The only exception here is the
motor vehicles industry, where the intensity of use of
cloud services is relatively low. A similar tendency
is observed with the criterion of electronic commerce
turnover, although there are more exceptions among
medium and high-tech industries that are the chem-
ical industry and the production of electrical equip-
ment.

In the production of electrical equipment, the
relative levels of the use of digital devices and the
Internet are the highest among medium and high-
tech industries, although this industry is lagging
behind in the exchange of information in digi-
tal form with consumers and contractors. In the
production of machinery and equipment n. e. c.,
the most important criterion is electronic invoic-
ing.

In the pharmaceutical industry, relatively less in-
tensive use is demonstrated in such criteria as the ex-
change of information in digital form with consumers
and contractors, electronic invoicing and the use of
digital devices.

Low-tech industries are primarily distinguished
by the fact that, unlike medium- and high-tech in-
dustries, they are focused on the criterion of elec-
tronic invoicing. Such feature occurs in the produc-
tion of textiles, wearing apparel, leather, coke and
petroleum products and fabricated metal products.
However, in the other low-tech industries this crite-
rion shows a low level of intensity.

In addition, technological processes associated
with the criterion of the exchange of information in
digital form with consumers and contractors are im-
portant for the low-tech segment. By this criterion,
a high intensity is demonstrated by the leather, rub-
ber and plastic products and fabricated metal prod-
ucts industries.

In general, in both medium, high-tech and low-
tech segments, the use of digital technologies in busi-
ness processes is fairly evenly distributed among var-
ious criteria, with the exception of those that show
lagging behind for all industries of the particular seg-
ment.

Let us move to the indicators of the “digital la-
bor” now (see Table 3). Here there is a somewhat
greater variation in the emphasis of criteria among
the industries.

Table 3
The features of digital labor in manufacturing sectors.
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As expected, the manufacture of computers, elec-
tronic and optical equipment and the manufacture of
electrical equipment became the leaders in the num-
ber of ICT specialists employed. By the development
of centralized educational programs in the field of
digital technologies, all sectors were divided between
the two groups with a large gap between them: in
the chemical production, the production of electrical
equipment, machinery and equipment n. e. c., coke
and refined petroleum products, rubber and plastic,
and fabricated metal products, such programs were
conducted with relatively high intensity, and in oth-
er industries – with a noticeably lower. At the same
time, third-party ICT skills training courses receive
attention at least at an average level in almost all
industries, with the exception of the wearing appar-
el production and the furniture production, which
means that employers understand the need to in-
vest in digital human capital of their employees, at
least at a basic level. In many industries, there is
a shortage of ICT specialists to fill existing vacan-
cies, which also demonstrates the awareness of the
need for digital transformation and employees with
advanced knowledge in the field of digital techno-
logies.

As for the implementation by the company’s own
employees of various functions in the field of digi-
tal technologies, the distribution is relatively even.
In the computer industry, due to its specifics, there
are more enterprises where their own employees are
engaged in the development of software and corpo-
rate web portals. In the production of machinery and
equipment n. e. c., according to the results obtained,
the functions associated with the development and
support of corporate web portals are also carried out
by employees to a big extent. Of the individual in-
dustries, car manufacturing stands out here, where
a significant number of criteria for the digitalization
of labor indicate a lag. The motor vehicles industry
stands out from the majority of other industries, hav-
ing low levels for many digital labor criteria. Along
with this, the criterion of the number of ICT special-
ists is low in the chemical production, basic metals,
textiles and leather.

Conclusions

Defining digital transformations primarily in
manufacturing activities as a strategic imperative for
the entire economy, the paper presents and analyzes
the results of business tendency monitoring, which
characterize important industry tendencies and phe-
nomena occurring as part of digital transformation
of manufacturing. Our work is the first step in the

study of entrepreneurial assessments of tendencies in
the digital economy. Reliable measurements of the ef-
fects of such economic phenomena have not yet been
conducted in the country. The results of the business
tendency monitoring improve the quality of informa-
tion flows on the positive economic impact of digi-
talization. As a result, the novelty of the study in
terms of completing the gaps in statistical informa-
tion about economic events and tendencies related
to the spread and growth rate of industry digitaliza-
tion consisted of generalized assessments of opinions
and intentions of entrepreneurs regarding the intro-
duction of breakthrough business models and digital
technologies in manufacturing enterprises.

In general, the survey revealed significant differ-
ences in entrepreneurial judgments regarding most
aspects of digitalization of production. This tendency
emphasizes the multi-structural nature of the Rus-
sian manufacturing industry, when its various seg-
ments operate in fundamentally different economic
conditions, primarily in terms of access to develop-
ment resources, and, accordingly, have fundamental-
ly different potential for digital development. Howev-
er, on the other hand, despite the fact that the tran-
sition to Industry 4.0 takes place within the relative-
ly unfavorable business climate, the obtained opin-
ions allow us to state that the level of immersion of
the manufacturing enterprises into digitalization pro-
cesses is not yet deep, but the progress is obvious. In-
terest in Industry 4.0 is gradually being transformed
into concrete investments and real results, contribut-
ing to the ever-increasing growth of the level of digi-
talization and integration in large and medium-sized
industrial enterprises. This is largely manifested in
the level of prevalence (presence) of technologies in
each of the studied industries.

The most important features should be consid-
ered the following:

• the digital agenda was a sufficient priority in the
industrial development of the studied set of en-
terprises in 2018, but many technologies were still
under development, requiring serious investments
and improvements;

• the observed differences in the opinions of the
management of manufacturing enterprises are fair-
ly objective and indicate a significant level of het-
erogeneity in the development of certain types of
activity in manufacturing enterprises;

• IIoT, intellectual robotic complexes and manufac-
turing analytics are most common in the medium
and high-tech segment; 3D printing technologies
and RFID tags are presented at different levels of
distribution in a large number of industries, which
may indicate an active dynamics of their introduc-
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tion and development in Russian manufacturing;
• the use of cloud services had become one of the

main markers for the high intensity of the use of
digital technologies in business processes in the
mid- and high-tech segment, while in the low-
technology segment it was electronic invoicing;

• the issue of labor digitalization had received con-
siderable attention in the vast majority of man-
ufacturing industries. Many enterprises in various
industries invest in the organization of educational
programs and pay for training courses in the field
of IT for their employees.
We can try to trace further ways to address the

problem. One of them is associated with the fur-
ther expansion of the business tendency observation
program by the inclusion of other industries outside
manufacturing, the study of new digital technologies
and new forms of digital activity.

The additional important step is the develop-
ment of composite indicators. Such indicators may
be, for example, a digital transformation indicator,
compiled on the basis of entrepreneurial assessments
of the level of digital technologies and practices of
the digital economy prevalence; a labor digitalization
indicator based on relevant criteria; an indicator of
digital investment activity, etc.

Another possible direction of research can be an
in-depth cross-analysis of the relationship between
the economic performance of enterprises, such as
profit or labor productivity, and generalized assess-
ments of their managers regarding the digitalization
of their own production. This kind of research can
be conducted in a sectoral context too. The results
of such a study will allow a better estimation of the
economic effect of digital transformation through the
use of alternative indicators from business tendency
surveys.

In addition, business tendency monitoring can be
used to predict the pace and quality characteristics of
digital transformation in the framework of foresight
research. Several studies can be devoted to analyzing
the effectiveness of using the composite digitalization
indicators to predict various economic and technolog-
ical quantitative indicators.

The article was prepared within the framework of
the Basic Research Program at the National Research
University Higher School of Economics (HSE).
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