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APPLICATION OF SEMANTIC MODELING
TO FORMALIZED KNOWLEDGE ASSESSMENT
BASED ON OPEN ENCYCLOPEDIC RESOURCES

1t is suggested to use semantically markup open encyclopedic resources as a source of knowledge for validation of distance learning
outcomes. Evaluation of the results of distance learning is based on the creation of a personal ontology by students of the discipline,
which includes the basic concepts and relationships between them. These concepts can be obtained from relevant encyclopedic
resources and perform an automatic comparison of the student's ontology of knowledge with the standard ontology of the subject.
The results of this comparison allow us to identify errors in the understanding of parts of domain knowledge (discipline, subject)
and to improve the standard ontological model of the discipline as a whole.
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The urgency of the problem

Dynamic European integration processes in
Ukraine and balancing of national interests in
the educational services and labor market require
improving the quality of training. In addition, re-
cognition of learning outcomes (formal, non-for-
mal and informal) — the knowledge, skills and com-
petences that link the educational services market
to the labor market is required. All these complex
learning processes in our country need to enhance
the role of formally assessing students knowledge
and developing a mechanism for the formal recog-
nition of partial qualifications acquired through
formal, non-formal and informal learning.

One of the sources of such knowledge can be
a variety of encyclopedic resources, dictionar-

ies, which are available electronically and provide
an automated processing of the information they
submit.

The development of national procedures for the
recognition of non-formal and informal learning
should be based on national encyclopedic resources
(for example, the Great Ukrainian Encyclope-
dia — a multi-volume encyclopedic publication of a
universal nature containing a portal version created
on the basis of modern semantic technologies —
e-VUE [1]).

Literature review

Computer technology has significantly changed
the content and practice of teaching. Multimedia
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applications, modeling, computer data sharing,
social media communities, as well as support for
individual and distance learning — all these have
the potential for large-scale education improve-
ment [2]. In recent years, e-learning has become
widespread, causing standardization of learning
technologies [3]. There are now many e-learning
tools with different functionality and purpose [4].
An important component of e-learning is tes-
ting of the students' skills and knowledge. The
Ministry of Education and Science of Ukraine is
currently implementing the Online Education
Development Program, which envisages the deve-
lopment of projects for standards of the systems,
methods and technologies of online education in
educational institutions, taking into account inter-
national standards [5,6]. But there are serious
problems with the semantics of testing. Learning
control requires a means of comparing a student's
knowledge base, which is formed (and modified)
in the learning process, with the knowledge base of
the course domain. This requires powerful inter-
operable tools for knowledge representation and
analysis. The domain ontologies [7] are used as a
resource that structures the learning content [8].

Problem statement

The basic idea behind the proposed approach is that
the domain ontology is not only a learning tool but
also a semantic model for validating its results. We
invite students to consistently build an ontology of
passed sections of the discipline to compare it with
the standard ontology of the subject. The results of
this comparison show errors in understanding parts
of domain knowledge (discipline, subject matter)
and help the tutor to improve the distance course.
Practical experiments show that this approach is
much more effective than regular tests, when some
errors may be associated with ambiguous question
and error, but the correct answers can be obtained
intuitively or randomly, which unfortunately does
not reflect the true concept of students' know-
ledge of the domain. Using semantically markup
encyclopedic resources as a source of knowledge to
build a reference ontology provides the objectivity
of this approach.

Using ontologies to represent the
knowledge of the subject area

In modern systems of distance learning is impor-
tant to focus on the means of presenting know-
ledge, which hasbecome the standard for Intelligent
Information Systems (IIS) and focused on func-
tioning in the Web — ontologies [9]. In IT ontology
isa specification of conceptualizations that are used
to help programmes and users share knowledge.

Ontologies offer a shared understanding of a
domain that people and applications can com-
municate with. Knowledge of ontologies is for-
malized through five types of components:
classes, relationships, functions, axioms, and
instances. The formal model of the O ontology
is an ordered triplet of finite sets O = <7, R, F>
[12], where T is the terms of the subject area, which
is described by the O ontology; R is the finite set of
relations between the terms of the subject area; F
is a function of domain interpretation on ontology
terms and relationships. An ontology in informatics
should have a formalized representation language
that computer is capable of processing without
direct human involvement [10 — 13].

The main stages of building the on-
tology of the subject area

Building an ontology based on IDEF5 methodo-
logy [14] requires students to complete the
following steps:

1) Build a set of domain terms;

2) Fix restrictions that govern how these terms
can be used to make descriptive domain claims;

3) Build an ontological model that, when given
a specific descriptive statement, can generate "ap-
propriate” additional descriptive statements.

The students (as well as tutor, who is buil-
ding a reference domain ontology) must fulfill four
basic steps to developing an domain ontology [15]
(Fig. 1):

1. Identify the main classes and terms of the sub-
ject area and describe their meaning:

= define a set of class names 7

= define a set of names of relations R;

= define for each class name a set of attribute
names 4
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= for each attribute name a € 4,,t €T, define
its type — INT, STRING, NUMBER, etc. or
another ontology class.

2. To build a taxonomy of the terms of the subject
area: identify all pairs of classes <¢,,t, >,t, €T,t, €
el,t,eT,r(t),t,)—>4"1S _A_Subclass _Of"t,,
reR.

3. Define synonymy and other relationships bet

ween these terms:
= define all pairs of classes;
<t t, >t el t, eT,r(t,t,)—>1
"IS Synonyme Of"t,,r € R,
= define all pairs of classes associated with the
specific relations of the subject area;
<ty >0 €T,8 €T yein, (6583 Vaomein, € R.
4. Describe instances of built classes:
= define the names of instances a;
determine the value of all attributes of the instances
ofthe class Vaet, teT.

Comparing ontology of the subject
area, built by students, with
reference ontology

Students' domain ontologies should be compared to
the reference ontology that was created by the tutor.
It should be noted that the problem of comparing
arbitrary ontologies of subject areas is very complex,
but we consider it a separate case with many limita-
tions: it is a light ontology terminology or light onto-
logy with an empty set of axioms, with a fixed set of
relationships and with sets of concepts which must be
subsets of the set of concepts of a reference ontology.

We use the original algorithm [16] for auto-
matically compare ontologies, which ensures that
hierarchical levels are consistent in terms of taxo-
nomy (if class A is a subclass of B in the reference
taxo-nomy and B — subclass 4 in the taxonomy
student, then this is an error) and controls the affi-
liation of the instances to the classes (if the instance
belongs to class A in the reference taxonomy and
the student describes the instance to that belongs
to class B, then this is an error).

This algorithm is based on some specific condi-
tions and therefore cannot be used to compare ar-
bitrary ontologies:

= the student must use ontological terms for
classes and subclasses only from a fixed set of terms

I Defining classes and terms of subject area |
Defining a set Defining a set Defininga set
of class names of relationship names of attribute names

| Building a taxonomy terms of subject area |

| Identify pairs of "class-subclass" l

| Defining relationships between terms of subject area |

Defining pairs
of related classes

Defining peirs
of synomymous classes

Defining instances of built clagses
Definingthe Defining the
instance names attritnte values

Fig. 1. The main stages of building the ontology of the sub-
ject area

that correspond to the standard ontology, other
terms are considered errors;

= thestudent hasused the relations between clas-
ses only from a fixed set corresponding to the rela-
tions of the reference ontology other attitude is also
regarded as an error;

» ifastudent still uses a term that does not exist
in the reference ontology, then that term must cor-
respond to some term of the reference ontology
(the student may use an incorrect name by mistake).

The main steps of the algorithm comparison stu-
dent ontology O, with reference ontology O,, which
has developed a tutor (Fig. 2):

1. Define the set of ontological terms:

» T isthe set of terms of the student's ontology,
» T isthe set of terms of a reference ontology.

2. Divide terms from 7' into three categories: T,

TandT, T,=T7,97T, T where

» T — correctly defined terms 7, < 7,

* T —inaccurately defined terms, 7, « 7, but
Vi, eT,3t; €T,,...t; €T,,t; €T,,m=1k;

* T — incorrectly defined terms, 7,, 7, and
Vi, ¢ T,—3t; €T,

3. Define the set of ontological terms:

* R isthe set of terms of the student’s ontology,
* R, isthe set of terms of a reference ontology.

4. Classify the ratio of R for the three cate-
gories that do not intersect: R, R and R,
R, =R, VR, UR, where

*R — correctly defined relations, R, < R,;

* R — inaccurately defined relationships,

R, R, but
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Vr, e RHEIV_/.1 € Re,...,rjm € Re,rjk eR,,m= l,_k ;

* R — incorrectly defined relations, R, R, and
Vr ¢ R,—3r; R,

5. Analyze the use of ontology terms and relation-
ships. We distinguish the errors of different gravity.
If a student uses the wrong attitude but with a group
of hierarchical relationships (for example, A4 is part
of B, and A is a subclass of B), it is not as impor-
tant as if he used a hierarchical relationship instead
synonymic relationship. A more serious mistake is
the misdirection of hierarchical relationships (for
example, A4 is part B instead of B is part A).

Fig. 3 presents the results of the estimation of
correctness when comparing the student ontology

Definition of multiple Definition of multiple Definition of multiple
ontological terms instances of classes ontological relations

: ’

Classification of relations
in student ontology

Classification of terms
in student ontology

Clasafication of instances
inthe student ontology
]

I

Classification of errors
in student ontology

!

Providing asessment of the results
and recommendations to the stadent

Fig. 2. The main stages of comparing a student's domain
ontology with a reference ontological discipline

Reference ontology Ontology

: Cource “Information systems”
nght Type of error | Error instance Error
instance Name of class | Software instance
class Name of instancq Document class
Importance 3
Error number | 11

| General result | 74 [

Previous error Next error

Fig. 3. Assessment of student ontology correctness

with the reference model of the subject. The onto-
logical representation of the domain students' skills
can be automatically processed by intelligent soft-
ware agents. It is appropriate to use e-learning soft-
ware agents as they work effectively in a dynamic,
heterogeneous distributed environment.

Integration of semantic Wiki
resources with Semantic Web
ontologies

Modern intelligent information systems is widely
used knowledge gained from Web information re-
sources (for example, by using Web Mining and
Text Mining) [17]. The presence of semantic
markup of information resources being processed,
considerably simplifies this complex process and
use of ontologies to represent the received know-
ledge ensures their reuse by other systems.

Therefore, the task of building a semantic mark-
up on the basis on the ontology of a particular sub-
ject area, and the inverse of it, the task of building
and improving ontologies based on semantic Wiki-
resources is the subject of many scientific develop-
ments today.

Semantic MediaWiki (SMW) is focused on inte-
gration with Semantic Web technologies. The data
specified in Wiki resources by semantic properties
can be exported to RDF format. SMW data types,
in this case, will be converted to the correspon-
ding XML Schema data types, and unique iden-
tifiers (URL) are formed by affixing the suffixes
to the URL Wiki. Also there is the opportunity to
indicate which dictionaries (OWL-ontology)
should be used when exporting those or other se-
mantic properties.

SMW semantic properties can be used to create
ontologies:

= to establish relations between instances of
classes (object properties) — for semantic proper-
ties of type "Page"”, the semantics of which are de-
scribed on the page of the corresponding property
(for example, "works in the organization", "resided
in the city"),

= to identify data properties for a specific catego-
ry of pages (for example, semantic properties "Year
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of birth", "Last name", "First name") can be found
on Wiki-pages of "Human" category

Wiki-pages contain also other elements that al-
low to formalize relations between the relevant
concepts. They include:

= links to other Wiki pages;

= categories.

In SMW an ontology can be built automatically
by the system's built-in tools, but the possibility of
managing this process are very limited, and the infor-
mation that is imported into this ontology in many
cases is inadequate for modeling the domain. To do
this, use the "Special Pages" menu in the "Semantic
MediaWiki" submenu and select "Export Pages to
RDF".

Thus, if an OWL ontology is already built, then
it can be used in SMW. But the reverse process can-
not be completely automated. Moreover, the auto-
matic generation of SMW ontologies will lose the
information contained in the OWL ontology and
relate to the characteristics of classes and proper-
ties that do not have Wiki analogs (especially the
equivalence of classes and properties, their inter-
section, area values and definition). At the same
time, some of the SMW content cannot be directly
transformed into ontology.

Information sources for the construction
of benchmark ontologies

You can use a variety of training materials, text-
books, tutorials, e-courses, and more to gain
knowledge of the subject area. However, it should
be borne in mind that the processing of natu-
ral language (NL) texts in many cases involves
ambiguous interpretation and, therefore, not only
requires considerable effort, but also may lead to
misunderstanding of the subject laws. In traditional
education the teacher can easily notice this, but in
distance learning, such situation can be a cause of
receiving incorrect knowledge and incomprehen-
sible low ratings for students.

Therefore, it is advisable to use such information
resources (IR) that, firstly, containing semantic
markup, which greatly simplifies their automated
processing and in most cases eliminates meaning-
ful ambiguity, and secondly, containing only veri-

fied information that is prepared by experts rele-
vant about, correct framed and has a high level of
confidence. One example of the IP for construc-
ting upper-level ontologies is a portal version of the
"Great Ukrainian Encyclopedia” (e-VUE). This IP
is available for at vue.gov.ua.

E-VUE was built on the semantic extension of
Wiki technology [18]. Each page of an encyclo-
pedia belongs to several categories that link it to
the relevant sections and divisions of the various
fields of knowledge. The semantic properties of
the pages allow a meaningful determination of the
connection of each page with other slogans of the
encyclopedia.

SMW allows names to be referenced by turning
them into so-called "semantic properties”" of the
page [19]. Moreover, it allows you to mark other
snippets of text linking to the page data of different
types. The text annotation gives users more possi-
bilities in comparison with the traditional catego-
ries.

The information becomes available not only for
reading but also for automatic machine processing.
Semantic markup text Wiki-pages providing this
treatment, and therefore semantic properties and
categories that are included to the composition
Wiki-article, often called "semantic annotations".
Such semantic annotations in SMW are a genera-
lization of the category mechanism in MediaWiki
[20].

It should be noted that e-VUE can be used in
ontology construction only for top-level concepts
or for fairly general (not narrowly specialized)
training courses. For more specific information, it
is advisable to use other industry-specific encyclo-
pedic publications, in which information presented
is based on SMW.

According to the described above algorithm for
constructing a reference ontology pages, e-VUE
slogans may use the following way.

1. To identify the main classes and terms of the
subject area, you must select the category of e-VUE
that are relevant to the desired subject area and
select those pages slogans that are related to that
subject area. To do this, you can use both the search
for the names slogans and semantic queries in
which conditions will be sets of categories that are
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specific to the subject area, and the search results —
page slogans and their semantic properties:

= to define a set of names, classes 7, you need
starting from the upper level — categories of fields of
knowledge — come to the right subcategories names
of these categories will meet classes ontology. The
content pages of a category are submitted as fol-
lows: [[Category: Category namel]];

= to define a set of names relation R, you need
to analyze the found pages slogans and identify
those semantic relations, which are connected be-
tween them, the names of these semantic relations
will meet the ratio ontology greatly help in this can
analysis templates that are used on pages slogans.
In page content, semantic relations are represented
as follows [[property name:: property value | that dis-
play on the screen]];

= that for the class of ontology to define a set
of name attributes At, you need to analyze other
semantic properties of pages that link to the data,
the names of these semantic relations will meet the
attributes of classes ontology;

= attribute types will help determine the type of
semantic property value — INT, STRING, NUM-
BER, etc.

2. To build a taxonomy of domain terms, it is
necessary to use the hierarchical relationships be-
tween e-VUE categories that are indicated on the
Wiki pages of the selected categories.

Texminy | BiSNEOTS MBHLGE, ROA'ASAH| 3 W1 CTRCDAHMM,

@ Hogi craTTi

B unauy wicAL onyGniscesss TaK CTATT 3 Wel kaTarcpl.

A A (npog.}

aing - AneBep), Neon-Bartic
408 2018) 08 2018)

Category
content

Fig. 4. Page E-VUE category of industry knowledge "tech-
nical science”, which contains information about its subca-
tegories.

3. To determine synonymy between ontology
classes, you must use the links between the page
slogans and categories.

4. To describe the instances of the constructed
forms, you need to analyze the set of Wiki-pages of se-
lected categories and the value of semantic properties.

It is known that an important component of
any socially significant activity is the conceptual
and terminological apparatus, which ensures the
proper level of branch and general communication
of the subjects of this activity (interoperability of
concepts). Nowadays, various terms related to the
particularly dynamic specific area of human acti-
vity related to information security have become
widespread.

One example of open-source IP accessible
through the Internet might be dictionaries from
different subject areas that delve deep into the ter-
minology of a particular subject area, and semantic
markup allows for a link between the terms.

For example, the English-Ukrainian Dictionary
of Information Technology and Cybersecurity
Terms [21] provides in a structured way about 4,000
general and specific terms and concepts that are
relevant to the field of cybersecurity, and details the
modern foundations of cybersecurity.

The dictionary is a specialist-reviewed edition
that can be actively used to create ontologies for
both students and distance learning tutors.

Prospects for use

The main advantages of the proposed approach:
the learning outcomes are analyzed automatical-
ly, objectively and personally, based on high-level
externalIRs,studentsreceivestructuredexplanations
for their mistakes and tutors can share their know
ledge based on reference ontologies. Also, the ap-
pearance of changes in such external IPs will cause
automatic changes to the content of the materials
are being taught.

It is important for those disciplines that rapidly
developing and dynamically changing (for exam-
ple, information technology may reflect updates in
software, programming languages, operating sys-
tems). This will provide relevant knowledge. How-
ever, effective implementation of the proposed ap-
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proach requires the availability of a wide range of  taining relevant and reliable information on native
encyclopedic guides, which are implemented with  language and according to national educational
modern knowledge management methods, con-  programmes.

REFERENCES

1. Kiridon, A.M. (ed.), 2015. Scientific principles and theoretical and methodological principles of creation of modern
encyclopedias: the collective monograph, DNU “Encyclopedic Publishing House”, Kyiv, 160 p. [Hayxosi 3acagu ta
TEOPETUKO-METOAOOTIYHI MPUHLMIIM CTBOPEHHS CyYaCHUX EHILIMKIIONEIil: KoJleKTuBHa MoHorpadist / 3a pen. I. i.
H., ipod. Kupunon A.M. K.: IHY «Exnnuknoneanyne BumaBHUITBO», 2015. 160 c.] (in Ukrainian)

2. McArthur, D., Lewis, M., Bishay, M., 1993. The Roles of Artificial Intelligence in Education: Current Progress and Future
Prospects. [online] Available at: <http: //www.rand.org/hot/mcarthur/Papers/role.html>.

3. Aroyo, L., Dicheva, D., 2002. “Courseware authoring tasks ontology”, Proceedings of the international conference in
education, IEEE.

4. Forbus, K. D., Feltovich, P. J., 2001. “The Coming Revolution in Educational Technology”, Smart Machines in Educa-
tion, in Forbus, K.D., Feltovich, PJ. (eds.), AAAI Press / MIT Press, pp 3-5.

5. IEEE Learning Technology Standards Committee (LTSC). [online] Available at: <http://ltsc.ieee.org/>

6. Murray T., Blessing S., Ainsworth S. Authoring tools for advanced technology learning environments: toward cost-ef-
fective adaptive, interactive, and intelligent educational software. [online] Available at: <http://helios.hampshire.
edu/~tjmCCS/atoolsbook/chaptersV2/ChapterList.html>.

7. Kay, J., 2001. “Learner Control”, User Modeling and UserAdapted Interaction, 11, pp. 111-127.

8. Take, S. M., Panin, A.V., 2013, “Ensuring transparency of European and National Framework of Qualifications by means
of computer ontologies”, Information technologies and means of teaching, 33 (1).

9. Gladun, A., Rogushina, J., 2016. Semantic technologies: principles and practices, ADEF-Ukraine, Kyiv, 308 p. [online]
Available at: <http://eprints.isofts.kiev.ua/669/>.

10. Palagin, A.V., Kryvy, S.L., Petrenko, N.G., 2012. Ontological methods and means of processing subject knowledge:
monograph, Publishing House VNU them, Lugansk. V. Dahl, 324 p. [[1anarun A.B., Kpusuii C.JI., [Terpenko H.I.
OHTOJIOTMYECKHE METOJIbI M CpeIcTBA 00pabOTKM MpeaMeTHbIX 3HaHui. JIyraHck: u3n-o BHY um. dans, 2012. 324
c¢.] (in Russian).

11. Palagin, O.V., Petrenko, M.G., 2017. Explanatory ontohrafichnyy Dictionary of engineering knowledge. Kyiv, LLC
“SPE Interservice”, 478 p.

12. RDF Vocabulary Description Language 1.0: RDF Schema. RDF Vocabulary Description Language 1.0. World Wide Web
Consortium, 2010, http://www.w3.org/Metadata/Activity.html.

13. Guarino, N., 1998. “Formal Ontology in Information Systems. Formal Ontology in Information Systems”, Proc. of
FOIS’98, pp. 3-15.

14. Davies, J., Fensel, D., van Harmelen, F., 2002. Towards the Semantic Web: Ontology-driven knowledge management.
John Wiley & Sons Ltd, England, 288 p.

15. IDEF5 Method Report, 1994. Information Integration for Concurrent Engineering (IICE), Knowledge Based Systems, Inc.

16. Gladun, A., Rogushina, J., Garcia-Sanchez, F., Martinez-Bejar, R., Fernandez-Breis, J.T., 2009. “An application of intel-
ligent techniques and Semanic Web technol o gies in e-learning environments”, Expert Systems with Applications, An
International Journal, 36, pp. 1922-1931.

17. Gladun, A., Rogushina, J., 2010. “Distant control of student skills by a formal model of domain knowledge”, Inter-
national Journal of Innovation and Learning (IJIL), InderScience Publishers, 7 (4), 2010. pp. 394-411. DOI: 1504/
1JIL.2010.032930.

18. Gladun, A., Rogushina, J., 2016. Data Mining: Search for knowledge in data. VD “ADEF-Ukraine”, Kyiv, 452 p. [[1anyx
AL, Porymmna FO.B. Data Mining: nomyk 3HaHb B manux. K.:TOB “BJl AJIE®-Ykpaina”, 2016. 452 c.] (in Ukrainian).

19. Rogushina, Yu.V., 2016. “Semantic wiki resources and their use for constructing personalized ontologies”. Problems of
Programming, 2-3, pp. 188-195.

20. Rogushina, J., 2017. “Analysis of Automated Matching of the Semantic Wiki Resources with Elements of Domain On-
tologies”. International Journal of Mathematical Sciences and Computing (IJMSC), 3 (3), pp.50-58, http://www.mecs-
press.org/ijmsc/ijmsc-v3-n3/IJMSC-V3-N3-5.pdf.

ISSN 2706-8145, Control systems and computers, 2020, N2 1 77



Gladun A.Ya., Rogushina Yu.V., Khala K.O.

21. Gladun, A., Khala, K., Sammour, G., Al-Zoubi, A., Schreurs, J., 2015. “MOOCs in Universities: Intelligent Model for
Delivering Online Learning Content Conference”. Seventh International Conference on Intelligent Computing and
Information Systems (ICISIS), December 2015, Cairo, Egypt, DOI: 10.1109 / InteICIS.2015.7397216.

22. Gladun, A.Ya., Puchkov, 0.0, Subach, 1.Yu., Khala, K.O., 2018. English-Ukrainian dictionary of terms of information
technologies and cybersecurity, IZZZ1 KPI them. Igor Sikorsky, Kyiv, 382 p.

Received 24.10.2019

A.4. [hadyn, KaHI. TeXH. HayK, C.H.c., MXXKHapOIHUIT HAyKOBO-HaBYAIBHUI LIEHTP
iH(popMatiitHux TexHosoriit Ta cucteM HAH Ta MOH Yxpainu,

npoci. Drymkosa, 40, KuiB 03187, Ykpaina

E-mail: glanat@yahoo.com

IO.B. Poeywuna, KaHj. TeXH. HayK, C.H.C., [HcTuTyT nporpamHux cucteM HAH Ykpainu,
npoc. [ymkosa, 40, kopn.5, Kuis 03187, Ykpaina

E-mail: Ladamandraka2010@gmail.com

K.O. Xana, H.c., MixXHapogHUii HAyKOBO-HaBYAJIbHUI LIEHTP iHMOPMAIIiiTHUX TEXHOIOTii
Ta cucteM HAH ta MOH Ykpaiuu,

npocn. Iymkosa, 40, Kuis 03187, Ykpaina

E-mail: cecerongreat@ukr.net,

BUKOPUCTAHHA BIAKPUTUX EHUUKIJIOITEANYHUX PECYPCIB
JAJIA CEMAHTUYHOT'O OUTHIOBAHHA PE3YJIBTATIB HABYAHHA

Beryn. CknanHi npouecuy cdepi HaBuaHHs B YKpaiHi MOTpeOyIOTh MiABUILEHHSI poJTi hOpMaTi30BaHOTO OL[iHIOBAaHHS 3HAHb
CTYIEHTIB Ta pO3pO0OKM MexaHi3My O(illiifHOro BU3HAHHS YacTKOBUX KBajliikalliii, HaOyTux y cucreMi ¢popMaabHOTO,
HedopMaabHOro i iHdopMalbHOro HaBYaHHS. JIXKepejoM 3HaHb MOXYTh BUCTYNaTH Pi3HOMAHITHI €HLMKIONEANYHI
pecypcu, CIOBHUKU, HOCTYIIHI B €JeKTPOHHI (hopMi Ta mojgaHi B TaKWil CrociO, 1110 3a0e3MeuyloTh aBTOMaTU30BaHy
00pOOKY ITOIaHOTO B HUX MaTepiaiy. 3abe3medeHHs CKJIaIHUX HaBYAJIbHUX IIPOIIECi B TOTPeOy€E PO3POOKY iHTEIEKTYaTbHUX
MeXaHi3MiB 00'€KTUBHOTO OLIiHIOBAHHSI Pe3yJbTaTiB HABYAaHHS HA OCHOBI HAlliOHAIBHMX iH(OpMAaIifHUX pecypciB.

Mera cTarTi — IPeACTaBICHHS MiAXOMiB 1151 TOOYIOBU OHTOJIOTiI TOMEHY ISl TOaHHs 3HaHb BUKJIaJaya Ta CTYIEHTIB
3i 3aCTOCYBaHHSIM 30BHIILLIHBOTO JKepejia 3HaHb, a TaKOX aJTOPUTM JUIS aBTOMATMYHOTO IMOPiBHSHHS MOOYIOBaHUX
OHTOJIOTIH, 1110 3a0€e3Meuye BiMOBiIHICTh iEpapXiYHUX PiBHiB Y TEpMiHaX TaAKCOHOMii. CIMpaouuch Ha OLliHKY Pe3yJIbTaTiB
HaBYaHHS CTYJEHTIB, MOXHa HaJaBaTH CTPYKTYPOBaHi MOSICHEHHS OJI0 MOMWIOK, SIKUX MPUITYCTUINCS CTYICHTH.

Metoau. 3alpONOHOBAHUI IMiIXiJ BUKOPHCTOBYE OHTOJIOTiIO JOMEHY SIK iHCTPYMEHT HaBYaHHS Ta SIK CMUCIIOBY
MOJIe/Ib Pe3yJIbTaTiB HABYaHHS CTYIEHTIB [IJIs1 OLliHIOBaHHSI. JIJIs1 OHTOJIOTIi MOJAaHHSI 3HAHb SIK 30BHIIITHE KEPEIO 3HAHb
OyJI0 3alpPOITIOHOBAHO BUKOPUCTOBYBAHHS BiIKPUTHX €HIIMKJIONEANYHMX PECYPCiB 3HaHb i3 CEMAaHTUYHOIO PO3MITKOIO,
sIKa TOJIETILYE 00pOOJIEHHS TTOAAaHOro B HUX Martepiaiy. OcKilibKu MmpobjieMa MOPiBHSIHHS JOBIIBHUX OHTOJIOTIN € ayXe
CKJIaIHOIO, [l OLLiHIOBaHHS pe3yJIbTaTiB HaBYaHHS CTYJEHTiB PO3IJIsAaBCs OKPEMU I BUTIAI0K i3 0araTbMa OOMEXKEHHSIMU,
a came JIerKi (TepMiHOJIOTiYHi) OHTOJIOTI] 3 TOPOXKHBOIO MHOXUWHOIO aKCioM, 3 (hikcoBaHUM HaOOPOM 3B’sI3KiBi 3 HAOopamMu
MOHSITh, 1110 MalOTh OYTH MiAMHOXWHAMUW MHOXWHU MOHSTH €TaIOHHOI OHTOJIOTII.

PesyabTaTu. 3arporoHOBaHe OIiHIOBAHHSI PE3YJIbTATiB AMCTAHIIIITHOTO HaBYaHHS 0a3yeTbcsl HA aHaJIi3i OHTOJIOTII
MUCIUILIIHA, CTBOPEHUX CTYAeHTaMU. Taki OHTOJIOTIi OYIyIOThCSI 3 OCHOBHMX KOHIIEMIIiii cchepr HaBUYAHHS Ta 3B’SI3KiB
MiXX HMMHU, 3alpOIIOHOBAHMX BHUKJIagayeM. ABTOMATHU30BaHE Y3rOJKEHHS OHTOJIOTIN CTYIEHTIB i3 €TaJOHHOIO,
pO3pO0JIEHOI0 BUKJIAAayeM, J03BOJISIE BUSBUTU Ta KIacU(iKyBaTW MOMUJIKM YYHIiB IOAO PO3YMiHHS AUCLMIUTIHU.
Bigkputi eHIMKIONENUYHI pECYPCU BUKOPUCTAHO K JKEPEJIO 3HaHb [IJIsl MOOYA0BU i OHOBJIEHHS €TAJIOHHO1 OHTOJIOTI1
IUCUUTUTIHU. BUKoprcTaHHS ceMaHTUIHOI po3MiTKM (Hampukian, SemanticMediaWiki) eHIIMKIIONEMIUIHUM PECypCOM
3HAYHO CIIPOIIYE OTPUMAaHHS Ta MOAAJIbIIe BAKOPUCTAHHS 3HAHb.

BuchHoBok. [010BHaA mepeBara 3ampoOIIOHOBaHOTO MiAXOMy — 1€ MOXJIMBICTh aBTOMaTH30BaHOIO, 00'€KTMBHOIO Ta
nepcoHi(hiKoBaHOIO aHaIi3y pe3y/bTaTiB HaBYaHHsI Ha CEMaHTUYHOMY piBHi. Takuit aHasi3 Haga€e CTyIeHTaM CTPYKTYPO-
BaHi MOSICHEHHSI iXHiX TTOMUWJIOK, a BUKJIaJadyaM Ja€ 3MOTY MOAITUTUCS CBOIMU 3HAHHSIMU SIK €TAJIOHHUMMOHTOJIOTISIMU.

Karouogi caosa: cemanmuuna posmimka, ereKmpoHHa eHyuKAonedis, oHmonoeis, mezaypyc, Heghopmanshe ma ingpopmanvhe
HABYAHHS, KOMNEeMeHmHICMb.
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NCITOJb30BAHUE OTKPBLITHIX SHIHUKIOIIEANYECKMX PECYPCOB
A1 CEMAHTUYECKOI'O OHEHUBAHUWA PE3VJIBTATOB OBYYEHUA

Beenenue. CIIOXHBIE TIPOIIECCH B cepe 0OyueHUs] B YKpanHe HYXIAIOTCA B TOBBIIIEHUH POJid (hOPMaTIM30BaHHOTO
OLICHMBAaHUSI 3HAHWM CTYAEHTOB U pa3pabOTKe MeXaHW3Ma O(PUIMAIBHOTO MPU3HAHMS YaCTUYHBIX KBaJIU(MUKAIIUIA,
MOJIyYEHHBIX B cucTeMe (opMajbHOro, HeopMaibHOro U MHGOPMaJIbHOrO 00yyeHMs1. MICTOYHMKOM 3HAHWI MOTYT
BBICTYIATh Pa3IMYHbIE SHIIMKIONEINYECKUE PECYPChI, CJIOBapH, JOCTYITHbIE B JIEKTPOHHON (popMe U MpeacTaBlIeHHbIE
TaKUM 00pa3oM, YTO OOECIeUuMBalOT aBTOMATU3MPOBAHHYIO OOpabOTKY IMOAAHHBIX B HUX CcBeleHUil. ObGecrieueHue
CJIOXXHBIX YIEOHBIX ITPOIICCCOB TPeOYeT pa3pabOTKU MHTEUIEKTYaIbHBIX MEXaHU3MOB 00 BEKTUBHOM OLICHKU Pe3yJIbTaTOB
00yuJeHMST Ha OCHOBE HAIIMOHAJIBHBIX MH(OPMALIMOHHBIX PECYPCOB.

Heanr cratbu — TIPEACTABICHUE IIOAXOAOB K IIOCTPOECHUIO OHTOJIOTMIA JOMEHA [UIS TIPEACTaBJICHUS 3HAHWIA
nperoaaBaTesisd U CTyIEHTOB C TPUMMEHEHMEM BHEIITHEro MCTOYHMKA 3HAHMI, a TaKKe aIrOpUTMa ISl aBTOMAaTUYECKOro
CpaBHEHUS TMOCTPOEHHBIX OHTOJIOIMI, KOTOPBI OOECIIeYMBaET COOTBETCTBUE MEpapXWUYECKUX YPOBHEH B TepMUHAaX
TakcoHOMMUM. OmUpasich Ha OLIEHKHU pPEe3YJIETaTOB OOYUEHHSI CTYIEHTOB, MOXHO TPEIOCTABIISITh CTPYKTYPUPOBAHHbBIC
00BSICHEHME OMYIICHHBIX CTYAEHTAMH OIINOOK.

Metoani. [IpemTokeHHBIN TTOIX0A MCITONb3yeT OHTOJOTHIO TOMEHa KaK MHCTPYMEHT OOyYeHMSI M KaK CMBICIIOBYIO
MoOJe/ib pe3yJbTaTOB OOYYEHMSI CTYIEHTOB IS TPOBENEHMS OLICHKU. [l OHTOJOTMM TpEeACTaBIEHUS 3HAHMI Kak
BHEITHUI UCTOYHUK 3HAHUK ObUIO MPEATOXKEHO MCIOJb30BAHUE OTKPBITHIX SHIMKIONEANYECKUX PECypCOB 3HAHMI C
CeMaHTUYECKOI pa3MeTKOl, obJieryaloliieit 00padoTKy NMpUBeIeHHbBIX B HUX cBeaeHui. [TocKoIbKY IpobsiemMa cpaBHEHUST
MTPOM3BOJIBHBIX OHTOJIOTHIA SIBJISIETCSI OUEHb CJIOKHOM, IJIT OLEHKH Pe3yJIbTaTOB OOYUYEeHUSI CTYIECHTOB paccMaTpUBaJICS
YACTHBIM clydail cO MHOTMMM OTpPaHWYCHUSIMHU, a MMEHHO, JIeTKHe (TepMUHOJIOTMUECKNE) OHTOJOTHUU C ITYCTBHIM
MHOXECTBOM aKCHOM, (DMKCUPOBAaHHBIM HAOOpPOM OTHOIIEHWI W ¢ HAaOOpaMU TMOHSITUM, KOTOPbIE IOJKHBI OBITH
MOAMHOXECTBAMU MHOXKECTBA MOHSTUM 3TaJJOHHOW OHTOJIOTHM.

Pesyabrarsl. [IpeayioxxeHHast oLeHKa pe3yabTaToOB AMCTAHLIMOHHOTO 00y4YeHUs1 6a3upyeTcsl Ha aHaJlM3e OHTOJOTUI
MUCIHUTIUIMHBI, CO3MaHHBIX CTyAeHTaMU. TaKWe OHTOJOTUU CTPOSITCS M3 OCHOBHBIX KOHLIEMIWI chepbl OOydeHHST U
OTHOIIICHUI MEXIy HUMHU, NMPEITOKEHHBIX TTperogaBareeM. ABTOMaTU3MPOBAHHOES CPAaBHECHUE OHTOJIOTHII CTyICHTOB
C DTaJIOHHOM, pa3paboTaHHOU IMperoAaBaTesieM, TO3BOJISIET BBISIBUTh M KIIACCH(HMIIMPOBATh OIIMOKU ydalluxcs B
IMMOHUMAHUN TUCHUIIIMHBL. OTKPBHIThIE SHIMKIOMEANYECKNE PEeCcypChl MCITOJB30BaHbl KaK MCTOYHMK 3HAHWMH JUIS
MOCTPOEHUS ¥ OOHOBJIEHMS 3TAIOHHOM OHTOJIOTMU AUCLIUTIIMHBL. MIcTio/ib30BaHNe CEMaHTUYECKOM pa3MeTKU (Harmpumep,
Semantic MediaWiki) sHUMKIIONIEIMYECKM PECYPCOM 3HAYUTENBHO YIIPOIIIAeT MOJyYeHUe U AaibHel1lIee UCII0Ib30BaHue
3HAHUM.

BoiBog. OCHOBHBIM TIPEMMYIIECTBOM TPEIJIOXKEHHOTO TTOAXOHAa SIBJIIETCS BO3MOXKHOCTbH aBTOMATHU3UPOBAHHOTO,
00BEKTUBHOTO U TEPCOHU(PULIMPOBAHHOTO aHAIM3a Pe3yJIbTaTOB OOyYeHHUsT Ha CEMaHTUYECKOM ypoBHe. Takoii aHamu3
MPEIOCTaBIseT CTyAeHTAM CTPYKTYPUPOBAHHBIE OOBSICHEHUs WX OINMOOK, a TperomaBaTesiaM OacT BO3MOXKHOCTb
MOACIUTHCS CBOMMU 3HAHUSIMU B KQU€CTBE STAJIOHHBIX OHTOJIOTHA.

Karoueevle caosa:. cemanmuueckas pasmemka, 3AEKMPOHHAS SHUUKAONEOUS, OHMOAO2US, me3aypyc, HegopmaavHoe U
uHgpopmanvHoe 00yueHue, KOMHEeMeHMHOCHb.
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