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Abstract

The research aims to check the hypothesis and identify
signs of labor resources in the periphery of the digital
economy using a machine learning model. The research is
based on the analysis of a vacancy from the HeadHunter
recruitment platform in terms of the requirements stated
by the employer for the applicant and the identifica-
tion of signs of labor resources using a machine learning
model. The main methods in the study are general scien-
tific methods, semantic text analysis methods, machine
learning methods, principal component methods, statisti-
cal methods, and others. Based on the proposed machine
learning model, the authors defined the characteristics of
labor resources in the periphery of the digital economy in
the context of aggregated categories of economic activity.
The profiles of the required employees are individual for
each type of economic activity due to the specific features
of the activities of enterprises in the periphery of the digi-
tal economy. The authors identified factors that influence
the decision-making process in the periphery of the digital
economy. The authors emphasize that the signs of labor
resources on the periphery of the digital economy can be
differentiated depending on the industry of the enterprise.
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1 Introduction

Digitalization is the basis for the development of the digi-
tal economy. More enterprises in various fields of activity
use it annually. As a result, they put forward new digital
requirements for labor resources.

In Russia, this process is closely related to achiev-
ing national goals and strategic objectives of state devel-
opment within the framework of the national program
“Digital economy of the Russian Federation.” Its imple-
mentation helps increase the level of digital processes in
the economic and social sectors. This fact underlines the
importance of studying the development of digitalization in
the Russian economy. To take a place in the global digital
economy, Russia needs to determine the characteristics of
a Russian worker who meets the requirements of advanced
digital technologies. Digitalization significantly affects the
labor market in terms of labor requirements and shapes the
competitiveness of enterprises (Sozinova etal., 2023d).
Competitive employees contribute to improving the quality
of products (services) through the skills of managing high-
tech processes as part of adaptation to new working condi-
tions (Sozinova et al., 2023a, 2023b). The development of
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digital skills is also possible within an organization through
corporate social responsibility (Ashmarina et al., 2023).

However, not every sector of the economy has the nec-
essary level of penetration of digital technologies into the
activities of enterprises. Therefore, the characteristics of
labor resources operating within the digital economy are
not comparable. The development of digital technolo-
gies may require the acquisition of skills in each industry
in accordance with the changes occurring in the era of the
digital economy, including through the introduction of new
educational programs (Shaengchart & KraiwJanit, 2022;
Speshilova et al., 2023).

Belousov and Timofeeva (2019), Chukov and Zolotov
(2021), Kaibicheva et al. (2020), Lumpuva (2018), Siqueira
and Fontenelle (2023), Tagarova (2020), Zolotov (2022),
and others studied the issues of identifying the periphery
of the digital economy. They adapted the world-system
analysis of Wallerstein (2006) to study the level of digitali-
zation of national economies. The periphery of the digital
economy consists of industries where the use of new digital
technologies is sporadic or absent.

Economic development largely correlates with the suc-
cessful activities of enterprises and their labor resources.
Labor resources and the emerging demand for them in the
labor market depend on the economic transformation. In
other words, if the economy is focused on ecology, then
the demand for green professions will grow (Lin and Zhou,
2024; Sozinova etal., 2023c). The same is true with the
transition of the economy to digital priorities. To increase
labor productivity and the level of digitalization, priority
will be given to digital personnel who are initially ready
to work in Industry 4.0 and have the appropriate skills and
education (Tolmachev et al., 2023).

The interpretation of the labor resources of the periph-
ery in scientific articles is not identical. Ch. Leadbeater
(Radaev, 2008) defines them as part-time workers or self-
employed. Bogomolova (2012) points out that the labor
resources of the peripheral segment include those with lim-
ited working capacity and those with age restrictions. Other
scientific researchers interpret the labor resources of the
periphery in the form of people who have part-time and sea-
sonal work, while their activities are quite labor-intensive
(Kazantseva etal., 2020). This research proposes to con-
sider labor resources from the perspective of the periphery
of the digital economy. Employees work in economic sec-
tors where enterprises either do not use digital technologies
or use them at a minimal level.

The research hypothesis is that the characteristics of
labor resources in the periphery of the digital economy will
differ depending on the enterprise’s industry. The research
aims to check this hypothesis and identify signs of labor
resources in the periphery of the digital economy using a
machine learning model.

2 Methodology

To determine the characteristics of the labor resources
of enterprises in the periphery of the digital economy,
the authors studied the needs of employers based on
job descriptions. The source of primary data was the
HeadHunter recruiting platform (HeadHunter, n.d.), used to
collect more than 130.2 thousand vacancies represented by
22.4 thousand enterprises. Eighteen enlarged types of eco-
nomic activity were studied.

The methodological basis for formulating the require-
ments was a semantic analysis of the text. Then, the authors
identified key and significant properties of the applicant for
the enterprise as an employer. The texts of the requirements
were divided into phrases based on the punctuation marks
(“r) = ) ) as employers approached the formatting of
texts individually. As a result, the authors had 76,226 differ-
ent phrases where there were no duplicates.

This text analysis was carried out using machine learn-
ing methods through the multilingual, freely distributed pre-
trained embedding neural network model E5-Large (Wang
etal., 2022). It transforms the source text into 1024-dimen-
sional real-valued vectors. The distance between them
decreases in the case of semantic similarity of texts. The
choice of this model is based on studies of the relevance
of responses from modern multilingual embedding neural
network models of semantic text analysis (Wang, 2022) on
the multilingual test sample Mr. TYDI (Zhang et al., 2021).
The basis for assessing the quality of the model is the aver-
age reverse rank metric MRR@10. The closer its value is to
100, the closer to the target vector generated by the model
are the vectors of phrases that are close in meaning. The
MRR@10 value for the E5-large model based on texts in
Russian is 65.8. This model also generates values in a very
narrow cone when the distance between normalized vectors
is almost always < 0.3.

When reducing the dimensionality of the vectors, the
authors used principal component analysis to reduce the
influence of model properties and estimate the amount of
the explained variance (Saydakova et al., 2024).

Thus, the dimension of vectors representing phrases is
reduced at 99% of the explained variance from 1024 to 592,
and at 60% to 69. Reducing the share of explained variance
below 60% is notjustified due to the increased rate of infor-
mation loss.

In this case, the principal component method actually pro-
jects a set of vectors onto a subspace of lower dimension.
Therefore, it leads to an increase in the distance between them.

Clustering of vector representations of semantically sim-
ilar requirements is formed using the k-means method. By
summing all vectors of a cluster and dividing them by the
appropriate number of vectors, the centroid of the cluster is
obtained. Cluster numbers are announced using new terms



in the requirements specification. Thus, the text expressions
in the cluster are replaced by their number. As a result,
average cluster requirements for the applicant are created.

Using formula 1, the authors note that the number of
clusters is proportional to three components: the number of
consolidated categories of types of economic activity, the
number of levels of digitalization, and the number of high-
lighted phrases.

P ~elements (1)
~cluster — * ncategory < nlevel
100 Acategory e nlevel
where:
n is the number of clusters;

cluster

neierents is the number of highlighted phrases—require-
ments for candidates specified in vacancies (76,226);
ncategory is the number of consolidated categories of eco-
nomic activities (18);
level 1S the number of digitalization levels p—proportion
of the number of clusters from the number in percent (4).

While explaining formula 1, the authors proposed four
levels of digitalization. The zero level assumes that the
requirements for the employee do not contain digital char-
acteristics. The first level requirements are characterized by
interaction with Internet technologies and basic office pro-
grams. The first two levels of digitalization represent the
periphery of the digital economy. Production management
and business process automation are signs of the require-
ments of the second level of digitalization, characterizing
the semi-periphery of the digital economy. In this research,
the periphery and semi-periphery of the digital economy are
combined. The core of the digital economy edge includes
requirements related to information technology develop-
ment tools.

Then, each cluster label is considered a new term,
replacing all phrases included in the cluster. To identify the
most significant of them, the authors used a statistical meas-
ure to assess the significance of the term TF-IDF (formulas
2 and 3).

tfidf(f, d, D) — tf(t, d) «idf(t, D)
2

th(t, d) =

d® gt D) = In
Nd

®)

where:

tf(t, d) is the frequency of word t in document d;

idf(t, D) is the logarithm of the inverse frequency of
occurrences of documents containing the word t in the
collection;

nd(t) is the number of occurrences of the word t in the
document d;

Ndis the number of words in document d;

D is the total number of documents in the collection;

Dtis the number of documents in the collection contain-
ing the word t.

The greater the resulting significance, the more often the
term occurs within the studied document and less often in
others.

The authors extracted teb cluster names that have the
maximum TF-IDF measure value. This is how a list of clus-
ters is formed that largely characterize the average needs of
enterprises from a given enlarged category of types of eco-
nomic activity with a given level of digitalization.

3 Results

As a result of applying the above stages of implementing
a machine learning model, the authors obtained clusters of
labor resource attributes. For example, an employer require-
ment such as “knowledge of sales techniques” includes not
only this semantic unit but also requirements for manag-
ing sales and online sales; knowledge is also interpreted as
“understanding of sales technology.”

The cluster “work process organization skills” includes
the ability to work independently, self-organization, and
process optimization. Given semantic proximity, this cluster
also includes “the ability to organize work on construction
sites,” “the ability to distribute the workload of warehouse
employees,” and “skills for maintaining office life,” which
already characterize the workplace specifics. Even
“Microsoft products organizational skills” were included
in this cluster due to the fact that the author of the vacancy
combined two requirements for the applicant in one block.

Semantic intersection of clusters is also possible. Thus,
the clusters “machinist” and “tractor driver” intersect in the
phrases “excavator driver” and “tractor driver.”

It is necessary to pay attention to the model’s ability to
combine synonyms, even in different languages, to consider
phrases with spelling errors. For example, the concepts
“responsibility,” “responsible employee,” and “obligation”
were included in one class.

Based on the results of this algorithm, the authors
formed the characteristics of the labor resources of the core
and periphery of the digital economy, presented by employ-
ers when describing vacancies. The authors sorted out the
lists of requirements in descending order of importance
(according to the TF-IDF measure) (Saydakova, 2024).

Thus, the authors formed a profile of the applicant
required by digital periphery enterprises for each enlarged
category of economic activities. The main characteristics of
the profiles are shown in Table 1.
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Table 1 Profiles of employees in demand at digital edge enterprises

Enlarged category

Water supply, drainage, and waste disposal

Higher education

Hotels and catering

Public administration, social security

Mining

Health and social service provision

Information and communication

Culture and sports

Energy supply

Manufacturing industries

Real estate transactions

Wholesale and retail trade

Information technology industry

Professional, scientific, and technical activities

Agriculture

Construction

Required employee profile

1

2.
. Direct work

NP DONPE AONRE WNPp DONRp WP W

. Higher engineering and technical education;
Availability of knowledge, skills, and experience as a design engineer;

. Higher, secondary specialized education, or additional professional education;

. Having permission to work with people;
. Direct teaching activities

Communication skills, good speech, and culture of communication;

. Responsibility and punctuality;
. Having permission to work with people;
. Interaction with clients and stress resistance

. Secondary education, preferably higher legal or medical education;

. Responsibility, good speech, and basic skills in using a PC and office equipment;
. Suitability for military service

. Secondary vocational education;

. Responsibility;
. Knowledge of work technology;
. Direct execution of mining operations

Higher or secondary specialized medical education;

. Responsibility and good speech;
. Skills in using a PC and office equipment;
. Direct medical practice

. No educational requirements;

. Communication skills, stress resistance, responsibility; basic skills in using a PC and office

equipment;

W N B WN R -bwr\)!_-owr\);_\ W N W N = W N W N WN = W

. Installation of equipment, customer service, and work in call centers

. No educational requirements;

. Responsibility, punctuality, and communication skiHs;
. Working directly with people or working with children

. Higher engineering and technical education;

. Availability of knowledge, skills, and experience as an engineer;
. Direct work on installation of electrical equipment

. No priority educational requirements;

. Diligence, responsibility, punctuality, and discipline;
. The specifics of the activity are not a priority

. No priority educational requirements;

. Specific knowledge or experience in real estate;
. Work in sales and direct work with clients

. No priority educational requirements;

. Punctuality, responsibility, discipline, and accuracy;
. No priority requirements for the type of work

. Experience in the specialty;

. Diligence, responsibility, punctuality, and ability to learn;
. Carrying out work on setting up equipment, working with 1C, work to support automated

roduction

Higher education;

. Experience in the specialty;
. Communication skills, responsibility, punctuality, and stress resistance;
. Ability to interact with people

. Higher education;

. Experience in agriculture;
. Attentiveness, communication skills;
. Direct execution of work

. No priority educational requirements;

. Efficiency, communication skills, responsibility;
. Direct construction and installation work

(continued)



Table 1 (continued)
Enlarged category

Transportation and storage

Required employee profile

1. No priority educational requirements;
2. Knowledge of the car;

3. Stress resistance, communication skills, and responsibility;
4. Work with transport, work on maintenance of means of transport

Financial sector

1. Higher or incomplete higher education in economics;

2. Experience in the banking sector;
3. Culture of communication, attentiveness, and responsibility;
4. Skills in searching for information in open sources; knowledge of Microsoft Word and

Excel;
5. Consulting clients

Source Compiled by the authors

Fig. 1 Factors contributing to the decision to work in the periphery of the digital economy. Source Compiled by the authors

Profiles of the required employee are individual for each
type of economic activity due to the specific features of
enterprise activities. Thus, suitability for military service
is necessary for public administration and social security.
Medical practice is important for healthcare due to the spe-
cific nature of the activities of medical institutions.

Based on the data presented in Table 1, the authors identi-
fied factors that influence the decision-making process about
working in the periphery of the digital economy (Fig. 1).

Thus, the authors justified the hypothesis of the study
using the created machine learning model: for each
enlarged category, the corresponding characteristics of
labor resources are selected by the type of economic activ-
ity of the enterprise (employer) that operates in the periph-
ery of the digital economy. Based on the research results,
the authors identified general factors contributing to the
decision to work in the field of the periphery of the digital
economy. A debatable issue within the framework of this
research is the formation of a profile of an employee in the
periphery of the digital economy according to enlarged cat-
egories of economic activity within the territorial context.

4 Conclusion

The authors proposed a model to characterize labor
resources in the periphery of the digital economy, which
complements the existing methodological apparatus for
studying the digital economy and labor market develop-
ment. The results of using the model made it possible to
create profiles of employees in the periphery of the digi-
tal economy. The results can be used to assess the level
of penetration of digital technologies into the activities of
enterprises.
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