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This paper discusses some approaches to intellectual text analysis in application to automated monitoring
of the labour market. The construction of an analytical system based on Big Data technologies for the labour
market is describedd. Were compared the combinations of methods of extracting semantic information about
objects and connections between them (for example, from job advertisements) from specialized texts. A system
for monitoring the Russian labour market has been created, and the work is underway to include other coun-
tries in the analysis. The considered approaches and methods can be widely used to extract knowledge from
large amounts of texts.
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B oannoii cmamve paccmompenvlt Hekomopbie H0OX00bl K UHMELNEKMYATbHOMY AHAIU3Y MEKCMA npume-
HUMENbHO K A8MOMAMUUPOBAHHOMY MOHUMOPUHEY pblHKa mpyod. Onucano nocmpoerue aHaiumuideckou
cucmempl 051 UCCIe008aHUSI PbIHKA MPyoa Ha ocHoge mexHono2ull Bomvuux Jannwvix. [Iposedeno cpasnenue
KOMOUHAYULl Memooo8 U36nederus CeManmuieckou uxngopmayuu 0O 0b6veKxmax u cea3ax Mexcoy HuUMU
(Hanpumep, U3 00bAGNEHUN O BAKAHCUSAX) U3 CREYUATUSUPOSaAHHLIX mekcmos. Co30ana cucmema MOHUMO-
PUH2A POCCULICKO20 PLIHKA MPYOd, 8e0emcst paboma no anaiusy pulHkog mpyoa opyeux cmpan. Paccmompen-
Hble NOOX00bL U MeMOObl MO2YN OblMb WUPOKO UCTOIb308AHbL OJis U3GHCUEHUS 3HAHUL U3 OOLUUUX 00bEMO8
MmeKcmos.

KirroueBsie cioBa: OoJbIie JaHHBIE, PHIHOK TPYyAa, MAITUHHOE 00yUeHHE.

s nuTHpOBaHuUA:

Big Data approach for the studies of the job market and related areas = Metonst bosbimx JIaHHBIX AJIsT U3Y-
YeHHs PBIHKA TpyJa W cBs3aHHbBIX ¢ HUM obnacteit / C. JI. benos, . H. JIxxaBangzane, U. C. Kagounukos,
B. B. Kopenrkos, I1. B. 3penos / CuctemHbIl aHaIM3 B HAYKe U 00Opa30BaHUU: CETEBOE HAYUYHOE U3TaHHUE. —
2020. — Ne 4. — C. 147-154. — Ha anurn. s3eike. — URL: http://sanse.ru/download/420. — DOI : 10.37005/2071-
9612-2020-4-147-154.
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Introduction

Last years, the prospects for the digital transformation of economic processes were actively discussed. It
is quite a complex problem having no solution with traditional methods. Opportunities for the qualitative de-
velopment of the transformation are illustrated by using Big Data analytics, particularly text analysis, to assess
the needs of regional labour markets in the workforce. The problem is solved using the authors' developed
automated information system of monitoring matching employers' staffing needs with the training level. The
system presented uses the information gathering from open data sources and provides additional opportunities
to identify a qualitative and quantitative interrelation between the education and the labour market. The system
is targeted at a wide range of users: authorities and management of regions and municipalities; universities'
management, companies, recruitment agencies; graduates and prospective students.

Links between the labour market and the educational system is rather complex, with many parties in-
volved (government, universities, employers, individuals, etc.). Both horizontal and vertical mismatch between
skills and qualifications from one side and the market's requirements from another is still widely observed in
both developing and developed countries. To discover both qualitative and quantitative correlations between
the education system and the labour market reasonably fast, we proposed an intelligent system to monitor the
employers' demands and match them with the educational standards and programs. The analysis is based on
stringing together job requirements and single competencies from the educational standards, the lowest levels
of the labor market models, and the education system correspondingly. We used machine learning technologies
for semantic parsing and the vector representation of words and short sentences to automate the processing.
Big Data approaches and technologies are in use for collecting and processing the data. The system allows to
estimate a need for specific professions for regions, consider matching professional standards with real market
jobs, and plan the number of funded places in colleges and universities. Having historical data, it is also pos-
sible to make some further predictions.

1. Labour market and professional education system

The interaction of the labour market and educational system is a complex process, with many parties
involved (government, universities, employers, individuals, etc.). In the ideal world, this interaction would be
coherent and perfectly balanced. Mostly it affects youth employment, so-called school-to-work transition.
Since the Great Recession unfolding in 2008, youth unemployment has been at the forefront of political and
academic debates. In most countries, young employees have suffered more in recession than have older ones
[1]. The high unemployment rate, especially among young in a country or region [2] could cause the growth
of social tensions or even be a breeding ground for extremism.

Many researchers are giving attention to the volatile labour market and youths' complications with enter-
ing it. There are plenty of entities to influence the area, e.g., contract policies for new employees, state pro-
grams, etc. Governments still invest a lot in education, so do individuals. However, both horizontal and vertical
mismatch between skills and qualifications from one side and the market's requirements from another is still
widely observed in both developing and developed countries [3, 4]. This may hinder youths from entering the
labour market, causing the fall of education-related expectations, or making people inactive (out of employ-
ment, education, and not looking for a job).

From the employer's perspective, a successful worker's qualifications and skills should be on the level
required for the job. For potential employees, education quality means competitive advantages. Most of the
approaches to discover the real needs of the market use per-area employer and worker surveys. Conducting
such polls takes certain time and resources and could not ensure complete labour market coverage.

To discover both qualitative and quantitative correlations between education and labour market in a rea-
sonable time, we proposed an intellectual system to monitor the demands of employers and match them with
the standards and programs of higher education [5] As a source of the real-life market needs, it was decided to
use job advertisements from job search resources on the Internet (job hunting sites, state and city employment
offices, etc.). For the education, texts of the state educational standards along with universities’ educational
programs are involved.

The analysis is based on stringing together job requirements and single competencies from the standards.
Generally, this cannot be easily defined, seeing as variant vocabulary is used from both sides, source infor-
mation is quite unstructured, and so forth. Then, to automate the processing as much as possible, we used
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machine learning technologies for semantic parsing. Since the wording in both requirements and competencies
details usually consists of about 10 words, the calculation of the semantic distance between short sentences
lies at the core of the method.

The creation of semantic models is one of the well-known key problems of natural language processing.
For our task, the way proposed was manipulating vector representation of words and short sentences. Among
contemporary word embedding approaches, predictive models based on neural networks are on the top. One
of the principal tools for vector representation is word2vec [6] hailed from Google’s research.

Having a semantic model, elaborately trained with the text corpus traditional to the subject concerned (for
example, IT industry, pharmacology or academic sector, etc.) allows to reveal semantically closes words and
phrases, and then give a quantitate assessment how the competencies match the job requirements. Starting
from this point, it is possible to rise to higher-level concepts, using the connection through competence-re-
quirement links. For instance, to score contents of the educational profile against the real work field.

Model levels (shown in details in Figure 1):

- Education

Competence — Type of activity — Educational profile — Field of study.
- Labour market

Requirement — Profession — Focus area — Career field.

Continuous collection and analysis of job ads from major sources offer the possibility of monitoring the
job market with its trends, focusing on industries or professions, and having statistics for cities and regions.

Education Market
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— Field of study Focus area
Educational .
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Type of Requirement
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Fig. 1. Mutual mapping between models of the education system and the labor market at different levels of
hierarchies

Taking advantage of machine learning and Big Data technologies, the developed system could make near-
real-time reporting. Having historical data makes it possible to determine the labour market's current expecta-
tions from the education system and make some further predictions. It could be used for tailoring educational
programs and a number of future professionals to the needs of the region.

As relevant consumers, we consider authorities, universities, big employers, recruiting agencies. Young
people could also reap a benefit from knowing the tendencies while planning their studies and career path.

2. Linking market’s requirements with educational competencies
Modeling the semantics (meaning) of the word is one of the critical problems related to natural language

processing. The semantic analysis results are used in search engines [7], automatic translation systems, and
other fields related to natural language text processing [8].
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At the moment, in the approaches of vector representations of words (word embedding), the top place is
taken by the so-called predictive model based on the use of neural networks [9]. One of the principal tools for
vector representation of words is word2vec [6].

The basic principle of word2vec is to find relations between contexts of words according to the assump-
tion that words that appear in similar contexts tend to indicate similar things (being semantically close). The
problem solved by word2vec could be formalized as follows: to minimize the distance between the vectors of
words that appear next to each other and maximize the distance between the vectors of words that appear quite
far. "Near" in this case means "in similar contexts". For example, the words "analysis™ and "research™ are often
found in similar contexts, word2vec analyzes these contexts and concludes that these words are close in their
meaning. Analysis of contexts is performed on large corpora of text. In our task, we used the corpus of the
Russian Wikipedia and a national corpus of the Russian language and models of distributional semantics
RusVectores [10].

There are attempts to create a predictive model for the translation of a document to a vector space [11].
However, the task of comparing short sentences on the similarity of meaning has specific characteristics, and
the use of existing models for translating words or documents to a vector space without modifications gives
an unsatisfactory result.

Considering that the text of the language of educational competences, as well as the wording of the re-
quirements in the vacancy announcements, contain an average of about 10 words, the task of evaluation of the
semantic closeness of two short sentences is in the basis of the analytical part of the system. Authors have
developed the algorithm [12] of sentence translation to vector space based on word2vec.

Thus, each word is mapped to a vector of dimension n (this parameter affects the accuracy of the model).
Metric space of mappings of words is used to be called semantic. Projections of the vectors of the words close
by meaning are close together as well and form some semantic clusters.

Vector representation allows calculating the "similarity” of words based on the calculation of cosine dis-
tance.

So, for two words w; and w-, represented in the form of vectors 1) and 2), the formula to calculate the
semantic closeness:

V(wy) xV(wy)
o[ [ (1)

By analogy with the calculation of the similarity of words, it is to calculate the semantic proximity of the
competencies and requirements, which are short statements with 10 words on average. The calculation of the
vector of described sentences (s), where s = {wx, W, ..., wi}, is defined as a weighted average of vectors of
the constituent words:

cos(l_/)(wl), V(WZ)) =

n T P W)
= & , 2
B(s) = =5 2
where pi is the weight of a word, which is calculated as the ratio of the frequency of use of the word to the
dimension of the lexicon of the selected level of the hierarchy on the side of the education system or labour
market, k is the number of words in a sentence.

Then it is calculated the semantic proximity of the sentences using the formula given above. It is worth
noting that words that have no particular meaning (conjunctions, particles, prepositions, pronouns, and so on)
do not participate in the formation of the vector for the sentence.

3. Monitoring system for the labour market

The aim of implementing the information systems for monitoring and forecasting the situation on the
labour market and analysis of staffing requirements is to provide additional opportunities to identify qualitative
and quantitative relationships between education and the labour market.

The system is developed for a wide range of users and is intended primarily for heads of regions, univer-
sities, companies, recruitment agencies. It is expected that the project will provide a tighter link between the
educational system in the country and the labour market, will give the opportunity to adjust curricula, to open
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new educational programs or to adjust the existing ones in accordance with the economic objectives of the
regions, to implement efficient recruitment and training. After that, it is assumed that the system will become
a useful tool for young professionals, starting seeking for a job in their chosen profession, and also the persons
trying to choose their professionalization.

As a data source on vacancies, the following internet resources are used: portal "Work in Russia" (infor-
mation website of the Russian labour agency), portals of staffing companies HeadHunter and SuperJob. As the
governing documents, the registry of approved professional standards and Federal state educational standards
of higher education are used [13]. The subject of a separate study is evaluating how complete the job ads
represent the market's real demands.

The automated information system's implemented prototype is a web-oriented application with an intui-
tive user interface, ensuring reliable data storage.

The system is built on a modular principle. First, it includes the module collecting textual data (operating
in automatic mode with the use of open sources, which are Internet portals and recruitment agencies).

Second, the load module and data storage, consisting of a distributed data store (provides replication and
archiving).

Third, the automatic processing module performing the preparation of information for analysis, automatic
linking requirements and competencies, and machine learning.

Educational and Data Sources
professional Educational Data from eu_nployment
standards programs Employment ads services

HDFS, lizardfs .
Collecting Preprocessing

(c[‘:;‘?(? ;’Eﬁ:; 5 (Spark streaming)

SQL DB
(PostgreSQL)
Processing
Models creation Clusterization,
(Spark, language classification Data mining
processing tools, (Spark, language (Spark, notebooks)
wordavec, ML) processing tools, ML)
— — : l Analysis
Visualization Hypothesis Interpretation
(Contour BI} verification of results
Trending performance and forecasting l:
Modelling Algorithms assessment Predictions

Fig. 2. Information workflow in the labour market monitoring system

Fourth, user interfaces to generate and display reports based on business intelligence technologies.
The general scheme of data processing is shown in Figure 2.

Most approaches to identify the real needs of the market primarily used surveys among employers and
employees. Conducting such surveys requires a certain amount of time and resources and cannot provide full
coverage of the labour market. To identify both qualitative and quantitative correlations between education
and labor market within a reasonable time of the proposed intelligent system of monitoring of the needs of
employers and the analysis of their compliance with existing professional and educational standards. Results
of this analysis may be recommendations for changes in educational programs.

The framework of the project created a prototype of an automated information system for monitoring and
analyzing of employment needs of regions and identifying the relationship to market demand with educational
and professional standards. The system included the software and technological solutions to the Situation cen-
tre for Russia's socio-economic development and its federal subjects.
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With this system the analysis of the constantly updating large amounts of data, it is possible to determine
how the training programs of higher education correspond to current market expectations, to anticipate changes
in those expectations, and automatically provide recommendations on adjustment of training programs to the
most exact conformity to these expectations. Development and adaptation of the system can be carried out
according to the customer's requirements depending on the specifics of the task — characteristics of the region,
university, etc. We believe that the created system, and the algorithms and principles on which it is based, can
be used to solve a wider class of topical challenges. For this, the system can be reconfigured depending on the
peculiarities of the task statement and the nature of input data.

Conclusion

Most approaches to identify the real needs of the market primarily used surveys among employers and
employees. Conducting such surveys requires a certain amount of time and resources and cannot provide full
coverage of the labour market. To identify both qualitative and quantitative correlations between education
and labor market within a reasonable time of the proposed intelligent system of monitoring of the needs of
employers and the analysis of their compliance with existing professional and educational standards. Results
of this analysis may be recommendations for changes in educational programs.

In the framework of the project, it was created a prototype of an automated information system for mon-
itoring and analysis of employment needs of regions and identifying the relationship to market demand with
educational and professional standards. The system included the software and technological solutions to the
Situation centre for the socio-economic development of Russia and the Federation's subjects.

With this system the analysis of the constantly updating large amounts of data, it is possible to determine
how the training programs of higher education correspond to current market expectations, to anticipate changes
in those expectations, and automatically provide recommendations on adjustment of training programs to the
most exact conformity to these expectations. Development and adaptation of the system can be carried out
according to the customer's requirements depending on the specifics of the task — characteristics of the region,
university, etc. We believe that the created system, and the algorithms and principles on which it is based on,
can be used to solve a wider class of topical challenges. For this, the system can be reconfigured depending on
the peculiarities of the task statement and the nature of input data.
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