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USE OF SEMANTIC TECHNOLOGIES IN THE PROCESS OF
RECOGNIZING THE OUTCOMES OF NON-FORMAL AND
INFORMAL LEARNING

S.M. Pryima, J.V. Rogushina, O.V. Strokan’

B poSoti npoaanizonao ny6aikauii, non’sani 3 posmiTKY HALioNa cucrem i, 2K MAIOTH OB’ A3ATH PHHHOK
OCBIHIX HOGAYE 5 PUNKOM pat. Tasil s A0SBOIAE BISHASITH, 10 CQENTHBIIN CTPYNEITON 114 piuiiis iel npoSieni ¢ ESCO
Hamio, 1a npodpeciii. ESCO mimasac i kaacuiixye nasmaxi

(o ot Tax i «CKOPETK»), KoMMeTeni, Kpamipixanii i npodeci, AKi MAIOTH SHANCHISA U1 CBPONEICHKOTO PHHKY IPAIL, OCBITH T2
npodpeciiiiof mizrorosku. Kiacudixatop ESCO € 0CHOBOIO /U1 CTBOpeHHA «IaGrIOPTY HAGYTHX KOMICTCHIi» | BUKOPHCTOBYCTbCA ¥
Kinbox iniuiarnsax Caponeiichkoi Kowicii y ciepi napiuok Ta KpasigiKailiii, cipIMOBAHIX Ha MABHLICHIS NPO3OPOCTI PHHKY Npanli Ta
ocsiTHix cucren. PospooKa iHCTPYMEHTATLHIX 3aC05is, 7K A03BOATS epexTiBiO BHKOpHCTOBYBATH ESCO Ta 3aGesnesyiors nepexi six
i wozeri 110 icHIIX MOLereii, BGAYACTECS AKTYATBHIM | CBOCUACHIM HAYKOBIM 3aABIAMIAM

Uepes Te, w0 €y0’eKTH HA PHHKY NPALE MOAKYTh ONHCYRATH CROI IPONOIMLIT 00 BHMOTM Hepes HeOpMATIOBANI XAPAKTEPHCTIKH, ki
4ACTO € HEMATCDIATBHIMM (HATDHKIAL, KOMAHIHIT yX, COUIANSH HABHMKH, JLICPCHKI HABINKH), i U ONHCY TAKIX XapAKTEDHCTHK
MOKYTh BHKODHCTOBYBATHCH Pisii TEpMil, BCTAHOBICHHA [TOTY MK HINH NOTPEGYE CHECTABICHHA COMAHTHKH TaKiX omicis
PO3B'A3YBATH TaKy NPOGIEMY MAIOTh CEMAHTHUHi TEXHOOTIL, AKi cHpsMoBari Ha 0GpOOKY inbopmawii Ha piski IHanb, T0GTO 3aaTHI
(popmartisysaTh, aaisysat Ta 06pOGIATH 3MICT (cemanTiky) indopmawiliumx pecypeir.

3paaiounn Ha ue, y nybriKaii npeacranieo Teoperiure oOrpynTysars cretemn UKrESCO, mpusiascHoi ans gopwysansi nacnopry
naGyThx KomneTenuiii, nowyky BaKauciii Ta CHiBCTABICHHA KOMIeTEHUiHi 3 BMMOTaMi A0 Bakancii a ocosi Mogeri ESCO 3
BUKOpHETANIAM TexHooriii Semantic Web Ta inpopwauiiifix pecypeis BiakpiToro inopyauiiinioro cepeopiua Web,

Cuctemy UKrESCO MOK# POIIZIAT A IHTCHCKTYaaHY HIGYAOBY HZ ICHYIOUIMI CHOTNAMI NOPIBHSHKA T2 OUiHKN KoMRCTCHLI,

i nacniopry naGyrix
Mpaxruana peatisai crcrew UkrESCO woe eraris B ywpaiic cyeninbeTsi posyminns
HHOCTI OCBITH BIIPOJIOBA KHTTS Y it i THOMHH.
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XapaKTEHCTHKH, KOTODHIE HACTO HBIAIOTCH (Hanpiep, i ayx, c NPHBLINKH, JIEpCKIe
MPUBBINKH), W AUTH OMHCAHHS TAKHX XPAKTEDHCTHK MOTYT HCTIONB3OBATHCA DASMIYHbIC TEPMHHBI, MOTYT BOHHKATH NPOGIEMBI
CONOCTABICHI CeMAHTIKIL TAKIIX ONCAMIH. PA3pEIATh TAKYIO IPOGENY HOIBOIAOT CeNANTIHECKH TEXHONONH, HAIPIRICHHbE Ha
0BpaGoTKy MH(OpMAII Ha YPOBHE 3HAHMIT, TO ECTh CIIOCOGHBIE " empica

i OPMALIHOHHBIX PecyPCoB.
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ESCO.

The paper analyzes publications related to the development trends of national qualifications systems, which should link the market of
educatonal seviges o the labor market. Such an analysis sugests that an effctive ool fo solvin this problem is ESCO — the Mullingusl
Classification of European Skills, Ct and P ESCO defines and classifies skills (both "soft" and
"hard"), competences, qualifications and uLcupallons it are selevant 1o the European labor market, education and training. ESCO classifier
proposes the basis for creating a "passport of acquired competencies”. It is used in several European Commi tives in the field of
skills and qualifications aimed at increasing the transparency of the labor market and educational systems. The development of tools that
allow the effective use of ESCO and ensure the transition from a qualification model to full competency models, is seen as an up-to-date and
timely scientific task.

Subjects of the labor market can describe their proposals or through non-formalized ics that are ofien ial
(such as team spirit, social skills, leadership skills) and use different terms to describe such characteristics, therefore the problem of
comparing the semantics of such descriptions is occursed. Semantic technologies aimed at the information processing at the knowledge level
(oriented on formalizing, analyzing and processing the semantics of information resources) can solve such a problem.

In this regard, the publication presents the theoretical substantiation of UkrESCO designed to create a passport of acquired competencies, to
search for vacancies and to compare competencies with job requirements based on the ESCO model using Semantic Web technologies and
information resources of the Web open information environment.
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UKIESCO can be considered as an intelligent superstructure over existing systems that compares and evaluates competencies, matches
qualifications with vacancies and form a passport of acquired competencies. Practical implementation of UKrESCO becomes an effective
tool for the formation in Ukrainian society of understanding of the value of throughout life education in the personal and professional self-
development of person.

Key words: labour market, market of educational services, occupation, knowledge.

11, ontology, Semantic Web, ESCO.

The problem of recognizing the outcomes of non-formal and informal learning

The socioeconomic challenges of Ukraine exacerbate the need for the effective use of the country's human
potential. Aging of the population, the negative balance of interstate migration, imbalances in the structure of demand
and supply in the labour market require innovative approaches to address the problem of the country's population
employment and, as a result, the productivity and competitiveness of the national economy.

A prerequisite for the el‘l'eclwe use of human potential through the individual's approaching the new possibilities

in the labour market is the of the , skills, abilities and competences) of non-formal and
informal learning. Such recognition enables a better of skills and abilities and, as a consequence, facilitates
professional and geographical mobility, satisfies the lack of skills and abilities in the growing sectors, accelerates

economic renovation.

The opposition to rapid ic and I changes, frequent workplace changes throughout life
prompts the person to become more and more involved in the learning process, to master the most demanding skills
more energetically in order to increase chances in the labour market, and to improve one's own well-being.

In today's world, where allows ki ge to be mastered in many different ways, non-
formal and informal learning is gaining more significance and importance. At the same time, the opportunities for such
learning, both for personal P! and i growth, are practi imited either in time or in space. It

is becoming more and more common to acquire knowledge at work or through participation in the activities of public
organizations, or in the virtual space, both individually and together with others. More often, businesses are offering
their employees the opportunity to improve the skills they have through organized but non-formal learning.

Acquiring knowledge or skills beyond formal Iearning and recognizing the outcomes of such learning in the
labor market requires the development and testing of appropriate methods, mechanisms and tools. In order to develop
national tools so that the educational services market could approach the labour market, it is advisable to use the global,
and first of all, European experience.

The European practice of identifying, d i ing and izing the of non-formal and
informal learming in the EU member states is aimed at mecting the objectives of the Europe 2020 srategy [1] 0 achieve
an intellectual and non-discriminatory growth. izing the out of

and informal learning has been part of the European political agenda since 2001, when the EU Commission 1dennﬁed
lifelong learning as a learning through life activity to improve knowledge, skills, abilities and competences within the
framework of personal, public, social and labour prospects. In 2004, the Common European Recognition Principles
were adopted in the form of the Council Conclusions, and in 2009, the Commission, together with Cedefop, published
European Guidelines for the recognition of non-formal and informal education, which provided politicians and experts
with technical recommendations on recognition.

Since the adoption of the Copenhagen Declaration on the expansion of European cooperation in vocational
education and training, a number of initiatives have been launched to develop European tools for recognizing the
outcomes of non-formal and informal learning, in particular, in 2004 Europass was established, which includes CV
(Europass-CV) and portfolio of documents which citizens can use to improve reporting of their qualifications and
competences within Europe.

Despite the launch of the above European , the progress in i the of non-formal and
informal learning in Eumpe is uneven and slow, the exxstmg discrepancies between the EU member states further
restrict the and of ition systems.

First and foremost, the problem lies in the lack of effective tools for identifying, documenting, evaluating and
recognizing the outcomes of non-formal and informal learning that would allow all those who wish to officially
acknowledge their knowledge, skills, abilities and dless of the diti in which learning took
place.

Takmg into account the above d, the develop of tools for id g and
recognizing the outcomes of non-formal and informal learning, which allow combining |he educational services market
with the labour market, is seen as an urgent and timely sclenlll'u, task.

The problem of the tools for the of non-formal and informal learning, which
allows to combine the educational services market with the labour market, ensuring the transition from a qualification
‘model (confirmation of professional skills by diplomas and certificates on taking training courses) to full competency
models, is relevant and requires an urgent solution. This problem is being addressed by both domestic researchers
(Yu. Borimchuk, L. Boiarchuk, M. Makhsma) and forcign ones (L. Brever, J. James, S. Lins, P. Luksha, D. Pieskov,
M. Afanasiev) [2-6]. In respect of practical impl the ition of the of non-formal and
informal learning is the focus of both state and private ial institutions and i

The transition from confirmation of professional skills by diplomas and certificates on taking training courses to
full competency models with the introduction of "passports of acquired competences" will make the process of
mastering the competences more manageable on the part of the students and will enable them to raise the question of
the contribution of each educational element in the personal competence profile [7]. However, in order this practice
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could work and models of could be by the ed market and the labour market, they must
be transnational in nature, and a single platform is needed for their support and development. There are good reasons to
introduce the typology of study certificates (passports, diplomas, certificates) into educational practice, which would
correspond to different competences and qualifications.

One of the first prototypes of the "Digital Diploma” was the Digital Lifelong Diploma, DLD [8]. The idea is to
capture in a single document all learning outcomes that its owners receive from different sources throughout their lives,
both official ones, such as Harvard or Michigan, and unofficial ones such as Khan Academy, iTunesU, Coursera, etc.
The DLD team has already made great progress in developing a digital diploma. They managed to include nearly all of
the academic disciplines in America into the catalogue of their platform, and also to catalogue hundreds of unofficial
providers of educational services and thousands of courses they have provided.

A significant event in the context of recognition of learning outcomes was the European Commission's support
for the VM-Pass, VM project (Virtual Mobility). It was envisaged that the project would support the virtual mobility of
studunts &hrough the creation of an innovative "Learning Passport” [9], a kind of certificate that is filled in by the

ion and an online-student on his/her own, and which is a standard sample where non-formal learning
and assessment can be documented. In this case, not only subjects and courses are documented, but also independent
examinations which were passed, internships and specific skills, such as mastering programming languages, etc. It
would be advisable to include the already achieved practical results in the "passport", in particular the implemented
projects, which will make it possible to supp]emenl the professional portfolio, since the taken online courses speak of
per , desire for self-study and self- because not everyone goes through them, although they give an
additional 1dea of the directions and fields of knowledge the person is most interested in.
pite the significant number of projects implemented owing to the "passport of acquired competences”, one
should keep in mind the lack of tools that would really be able to combine the educational services market and the
labour market, employers with jobseekers, to combine occupations, qualifications and learning outcomes
(competences). Employem should have access to more accurate and up-to-date information on the skills and

i i of j

k in order to unds d their p | qualifications better. Learning outcomes are
usually defined in terms of knowledge, skills and Common inology will foster dialogue between the
labour market and education, training of those who are interested within and between sectors and borders. In particular,
employers will be able to better the suitability of the job i for the post on the basis of their

qualifications, educational services providers will be able to receive feedback about the needs of the labour market,
detect gaps in qualifications and adapt them appropriately. In turn, jobseekers will be able to get advice on which
qualifications could enhance their employability.

The European C has developed ltilingual of European Skills, Competences,
Qualifications and Occupations ~(European Skll]s, Competences, Qualifications and Occupations, ESCO)
(https://ec.europa.eu/esco/portal/home). The ESCO classification identifies and categorizes skills, competences,
qualifications and occupations relevant for the European labour market, education and training [10]. The ESCO unites
both employers wishing to find the right people for their vacancies and jobseekers looking for jobs matching their skills.
The ESCO classification combines labour market and educational services market because, on the one hand, it helps
education providers to understand the labour market needs better and adapt curricula according to the conditions, and,
on the other hand it helps empl d d the learning that were gained by professionals looking for a
job. Equally important is the fact that the ESCO classification combines labour markets from different EU member
countries, allowing jobseckers and employers to deal with skills, training and work more effectively in any European
language.

At the basis of the ESCO classification there are three main elements: 1) occupations; 2) knowledge, skills and
competences; and 3) qualifications. In the ESCO, each concept is related to at least one term in all ESCO languages. In
many cases, the language contains more than one term to refer to the same or very similar concepts. Thus, the ESCO
can contain several terms of one concept. Within the framework of the ESCO data model, each term represents a
separate element and all of them are related to the concept. This model is based on the Simple Knowledge Organization
System (SKOS) ontology [11]. The ESCO is published as Linked Open Data, and developers can use it in a variety of
formats (SKOS-RDF, CSV) in programs that provide services such as job scarch, career guidance and self-esteem.
Users can integrate the ESCO classification into their applications and services. In addition, the ESCO provides a local
API and API Web services so that applications and Web services could request information from the classification in
real time.

The practice of using the ESCO classification has showed its effectiveness with a number of international
institutions. In particular, the European Employment Services (EURES European Employment Services
http://ec.curopa.cu/eures’.) — a network that brings together about 400 "Euro Advisors” from national employment
services, employers' associations, trade unions, local and regional authorities and educational institutions are actively
using the ESCO classification. The EURES portal is a key system for mobility in the EU. EURES has a unified
information online resource to collect data on the avai y of ies across Europe and provides
European employers and other stakeholders with variety of services and information covering all aspects of recruiting
from other European countries [12]. The EURES portal is a good example that in recent decades the increased spread of
Web-based technologies has fundamentally changed the way we exchange information in the labour market, and
considerably re-oriented it towards the use of electronic means.
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Formulation of the problem
The problem of creating electronic tools for describing the educational services market and labour market is
greatly complicated due to the increase in the amount of information associated with these services and the complexity
of data structures used in these electronic media. Effective processing of such information requires its semantization,
that is, the use of various knowledge bases to determine the context of the search, as well as modern methods and means
of knowledge management. In order to integrate various terminological approaches in various information resources
and qm.m,; it ls suzgcstcd taking into account the ESCO, to develop an ontological model for the interaction of
and employers, and to create methods for its replenishment with information from
open Web sources — both natural language and semantically marked.

Use of SEMANTIC WEB tools for the labour market

People in the labor market can describe their proposals or demands through various non-formalized
characteristics that are often non-material (such as team spirit, social skills, leadership skills). Various terms may be
used to describe such characteristics, and therefore a problem arises in comparing the semantics of such descriptions.
This problem has to be solved by semantic technologies aimed at processing information at the level of knowledge, that
is, which are capable of formalizing, analyzing and processing the content (semantics) of information resources [13].
They are based on the use of the knowledge of the subject area for which the task is being solved, and the knowledge
about the users of these IT, and provide automated analysis of information on the Web. One of the results of such
processing is the achievement of the semantic compatibility of information resources (IR), which allows IT-systems to
use and integrate information from different sources and databases. It requires the development of appropriate models,
methods, languages and technologies.

One of the most popular projects related to the processing of distributed knowledge is Semantic Web [14],
proposed by the WWW inventor T. Berners-Lee. Semantic Web offers a powerful, practical approach to obtain the tools
of managing large amounts of information and information services [15]. The purpose of this project is to transform the
entire set of available IR, accessible through the Web, into a distributed heterogeneous knowledge base. The main
components of Semantic Web are ontologies, Web services and software agents. For their presentation within the
framework of Semantic Web such open standards of ki ion have been ped as the language of
ontology presentation OWL [16], the IP RDF metadata standard [17] and the query language of SPARQL for these
formalized knowledge.

Today, the Semantic Web project is actively developing, new languages, standards and tools are emerging, and
existing ones are being improved. Therefore, in the process of developing any information system based on the use of
the Web resources it is good to focus on these results and create semantic Web services that can effectively take

d ge of the new i . The use of ontological analysis provides the ability to transfer

to new icati the ability of export of i from i marked IR, and the

ability to build a common terminology framework for interaction between different resources and information systems.

This is also true for applications aimed at supporting the labour market [18]. Semantic Web technologies easily
integrate with other modern Web technologies, such as semantic Wiki (for example Semantic MediaWiki).

In view of this, we suggest in the course of the system development whose purpose is to draw up a passport of
acquired to search for vacancies and match with job i based on the ESCO
model, that the following Semantic Web technologies should be used:

- to personalize user interaction, personal program agents are created for each of the potential employers,
jobseekers and individuals who are acquiring or are planning to acquire particular education;

- the system should provide semantic Web services to support such functions as:

registration and search for vacancies;
registration and search for CVs;

— comparing vacancies and CVs at the semantic level;

— search for educational institutions able to provide a certain qualification or education;

- compamon oflrammg courses and programs with occupations;

The hip between jobs, knowledge, skills, and qualifications, between terms
and concepts, etc., as well as between their characteristics, are formalized using onfology (or a set of ontologies
describing national or regional sets of these concepts).

In addition, the use of knowledge from external ontologies makes it possible to make execution of services more
personalized (for example, to take into account the territorial proximity of educational institutions or places of
employment).

To make such systems sufficiently dynamic and capable of taking into account changes in the surrounding
world, one must ensure that you receive information from Web resources. To do this, it is necessary to use intelligent
information retrieval systems capable of finding relevant documents by ontological models [19]. To make such a search
faster and more automated, it is advisable to focus on processing of semantically-marked information resources, for
example, Wiki-resources.

Architecture and model of the UkrESCO
In the most generalized form the architecture of the UkrESCO looks like this (Fig. 1):
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Fig.1. Architecture of the UkrESCO

An important element of the UkrESCO s its ontological model.
Ontological analysis is an effective means for modeling representations about various subject areas (SA) which
allows to display their semantics [20]. In order to formalize the basic concepts of the ESCO and the relationship

between them, we will use the following formal model of ontology O = (X,R,F,T), where X = X¢ U Xjpg ;@ set of

basic concepts of ontology, X a set of classes, Xjnq is @ set of their instances; R =1, ¢ U {}v {p,} . asetof
- is

el i
relations between classes and instances of ontology classes, where T, ¢ — hierarchic relations between ontology
classes and class properties; {1;} - a set of object properties of class instances; {p;}— a set of properties of the given

instances of classes; F—a set of characteristics of ontology classes, instances of classes and their properties; T —a set of
data types [21].

From the point of view of the problem being solved, the main classes of the UkrESCO ontology are competence;

occupation; qualification, as well as those subjects that may be associated with these classes: owners (potential
pl with specific ki ge and skills), (emp s) and providers (individuals and organizations
providing educational services that allow to increase qualifications).

The main purpose of the UKIESCO creation is to improve the interaction between subjects related to
qualifications. The UkrESCO can be d an intellectual superstructure over existing systems of comparison
and assessment of competences, matching qualifications with vacancies, forming a passport of acquired competences.

However, in order to correctly determine the relationship between them and ensure their comparison, the classes
associated with all the basic terms of the UkrESCO are introduced into this ontology.

Thus, the UkrESCO ontology contains the following clasnes X (the list of classes is ordered in alphabetical
order, but not by signi ki . jobseeker, country, course, skill, educational
program, course provider, occupation, job, employer. If necessary, these classes are specified and supplemented by
subclasses and properties. For example, skills are divided into "soft" and "hard", into the main and additional ones.

The use of an ontological model allows us to establish the relationships between these classes clearly and
unambiguously and ensure their unified common understanding [22]. It is important that such a model fixes not only

hierarchic relations {r;} , but also specific for the subject area connections {p;}. For example, you can clearly indicate

that the employer specifies the qualifications that a job candidate must hold, and the education passport for the job
candidate can be changed by the course provider adding additional skills and qualifications to the education passport
associated with that candidate. Using Protégé ontology editor allows you to visualize these relationships in a way that is
understandable to the users of the system (Fig. 2). Instances of some classes Xjpq are added to the ontological model
when developing the UkrESCO. For example, instances of "Skills" contain the elements imported from the ESCO. The
ontological model is replenished by other instances in the process of system operation. For example, these are job
candidates' profiles, employers' requests, and educational services providers' proposals. This model is described in
OWL Light language and can be visualized by means of Protégé's Ontology Editor. OWL Lite (just like OWL DL and
OWL 2.0) are based on descriptive logic ALC (Attributive Language with Complements), which guarantees the
completeness of logical output on this ontology. The model describes the properties of classes (both object properties
and data properties) and the relationship between the basic terms and their subclasses [23].
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Fig.2. Ontology of the UKrESCO
Each instance of the information objects (I0) X € X can be represented as <(r0bh,{xk}), (rdmj,{dm})>, where
Topj; — the object properties of the subject area ontology, Tdata the properties of the subject area ontology data, xj

optional instances of different classes of the 10, d,, — constants of different types. Each "obji can be considered as

o i X, > Doy

from subsets of the 10 are determined.

iy, |, that is, for each object property, the region value and area of determination

Instances of different classes in the UkrESCO are

ssociated with different object propertics Fopy; - The object

property of an iation has no (such as itivity, symmetry, etc.) and therefore does not
reflect additional semantics that allows them lo be presenled in OWL Light language. In addition, the UkrESCO uses
semantically loaded object properties such as "requires prior learning", "based on education level", etc., which may
have additional restrictions.
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Fig.3. Use of the UkrESCO ontology by scarch engines
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Interaction of the UKrESCO with search engines
An important feature of the UkrESCO is the ability to scarch for new resources in the information space of the
Web. In order to automate this search, it is suggested to use the knowledge of the subject arca in which this system
operates (Fig. 3). This knowledge is formalized in the form of the UKrESCO ontology, and therefore it can be applied
without any additional processing in the systems of semantic search, oriented to the use of ontologies, for example, in

[25].
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It is this ontology that allows you to describe what information objects you need to find on the Web, identifying
their structure and the necessary elements. For example you can search for potential employees (ontology class
" i program"), services (ontology class "course provider") and employers (ontology class
"vacancy"). It is clear that such results will be much less reliable than those obtained inside the UkrESCO from
registered users, but the availability of such a search can significantly expand the system's capabilities and ensure its
connection with the open environment. This property is a characteristic difference from most similar systems. It
provides obtaining information not only from relevant databases, but also from all the unstructured Web content. This
opportunity should be used to find only those vacancies and CVs that occur very rarely.

Interaction of the UKrESCO with Wiki-resources

Due to the fact that obtaining information from the unstructured Web resources (even with the help of semantic
search) reqmres humzm involvement to filter out the obtained results, it is advisable to provide the UkrESCO with

ked The most wid d among these resources today are resources organized on the basis
of Wiki-technology and which are semantically expanded. This is due to the fact that users can easily replenish and
update such Wiki pages, and their semantic markup can be easily transformed into a corresponding ontology.

Existing tools for ontological analysis allow you to make a comparison between Wiki-ontology (that is, the
ontology whose elements are the basis of the semantic markup of the Wiki resource) and the ontology of the UkrESCO.
On the basis of such a comparison, you can find pertinent pages and obtain not only information on CVs and vacancies
from them, but also more lmponanl information — about and courses. Usually, the
update of the Wiki resources is executed more frequently compared with the updatmg of knowledge bases and
ontologies because it can be done not only by knowledge engineers but also by ordinary users who are knowledgeable
in the relevant subject area.

Wiki-ontology is an ontology built on a semantically marked Wiki resource (a set of Wiki pages containing
semantic markup) [21, 25]. It contains only the knowledge that can be directly obtained from the semantic markup.
Therefore, in this ontology there are no, for example, such characteristics of classes and properties as equivalence, lack
of intersection, etc.

In this model, a set of concepts is constructed as a combination of such Wiki elements as pages and categories
X = Xyiki_categorXuiki_page associated with different types of relationships with

R=ry o} Ol b ffom prop}: @ set of classes is a set of Wiki categories Xyyiki_categor» between which

there are hierarchic relations; a set of instances is a set of Wiki-pages Xyiki between which there are references

_page>

Li=0,m; a set of data types is supplemented by a specific class — "Wiki-page".
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This model can be upgraded with such Wiki elements as templates, forms, custom pages, and more.

When searching for pertinent Wiki-pages, you need to compare classes X yyiki categor and semantic properties
Tiem _prop; +i = 0,m of Wiki-pages with classes X and object properties Tier o : X¢j = Xjof the UKrESCO
ontology. If they match (or the level of compliance is higher than the specified rating), then the UkrESCO ontology set
must be replenished with an instance corresponding to the found Wiki-page, that is, to create an instance of the
specified class in which the value of the object properties is of the value derived from this Wiki-page .

It is important that such replenishment can be performed completely autonomously and does not require any
efforts of users and developers of the UkrESCO.

The same Wiki resources can be found by external search engines or recommended by developers of the
UkrESCO based on thematic relevance and high level of trust. An example of such a resource is the electronic version
of the Great Ukrainian Encyclopedia.

Similarly, you can use non-semantic Wiki resources (for example, Wikipedia), taking into account the
categorization of pages, but in this case, the replenishment of the UkrESCO ontology requires human involvement to
determine the properties of the instance.

Conclusions and prospects of further research

The analysis of the publication made it possible to conclude that an effective tool that allows to combine the
educational services market with the labour market is the Multilingual Classification of European Skills, Competences,
Qualifications and Occupations (the ESCO). The classification of ESCO identifies and classifies skills (both "soft" and
"hard"), competences, qualifications and occupations that are relevant to the European labour market, education and
professional training. The ESCO classification is the basis for creating a "passport of acquired competences" and is used
in several European Commission initiatives in the area of skills and qualifications aimed at increasing the
transparency of the labour market and educational systems. Since people in the labour market can describe their
proposals or demands through non-formalized characteristics that are often terial (such as team spirit, social
skills, leadership skills) and different terms may be used to describe such characteristics, there occurs the problem of
comparing the semantics of such descriptions. This problem is to be solved by semantic technologies aimed at
processing information at the level of knowledge, that is, which are capable of formalizing, analyzing and processing
the content (semantics) of information resources.
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In this regard, the presents the of the UkrESCO syslem desxgned to create a
passport of acquired to search for ies and to compare with job req based on
the ESCO model using Semantic Web technologies and information resources of the Web open information
environment.

The UkrESCO system can be consi as an i uperstructure over existing systems of comparison
and assessment of competences, matching qualifications with vacancies, forming a passport of acquired competences.

Practical implementation of the UKrESCO system may become an effective tool for the formation of
understanding of the value of lifelong learning in the personal and professional self-development of a person in
Ukrainian society.
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