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Introduction

Currently, a large number of organizations (both com
develop, acquire and implement a variety of computer-b

technologies developed very strong today, offer afw of development tools and a visual representation of
tasks intended for students. They also give t ensiderable choice of means of answering questions
and fulfilling tasks. Today it is not just a or more text responses from the options, but the choice

of the graphics area in the figure, the i e construction of the expression (for example, an algebraic
expression or chemical formula) and sponse [1].

Analysis of the answer given
answer stored in the databas e degree of truth of the student’ s answer. The degree of the answer
truth, as a rule, has two va rect answer or wrong answer, however there are possibly intermediate
values between these ext, grees (e.g., partially correct answer). By degrees of the answers truth to the
question, the student’ g ning is determined and rating is made [2].

Currently, there a esting systems in various fields of knowledge, for example OLAT (Open Source
LMS) (3], Mood esTrust, Moodle.org) [4], Sakai (Sakai Foundation, Sakai Project) [5], AuthorWare
(Adobe Syste ated) [6]. Most of these tools provide the ability to create multimedia tests, testing for
traditional nd e-learning, saving and transfer of results to the teacher for administration of users and
educatio

1 Research conducted in the field of computer-aided control of knowledge

quiring and representing a domain knowledge model is a difficult problem that has been the subject
of numerous Artificial Intelligence research projects since research in this field began [7-9]. Knowledge-based
systems and expert systems, in particular, must explicitly represent the knowledge and inferences associated
with the expertise in this domain.

For many countries, the e-learning theory emphasizes the importance of the specified cognitive process and
personalized learning [10]. Knowledge monitoring and evaluation is an intellectual challenge, requiring the high-
quality solutions, which will help to get to a new level in the teaching procedure, as it could allow implementing
the concept of the individual approach to learning on a massive scale. Nowadays the automated knowledge test
has become very popular, firstly, as it saves the teacher’s working hours, relieves him from the routine work and
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ensures an objective evaluation of knowledge, the results of which do not depend on the subjective opinions of
different teachers.

The paper [11] presents newly developed computerized system of constructive multiple-choice testing. The
system combines short answer (SA) and multiple-choice (MC) formats by asking examinees to respond to the
same question twice, first in the SA format, and then in the MC format.

The papers [12, 13] describe methods of implementation of a control mechanism of student knowledge
with the help of fuzzy set theory combined with neural network technology. The papers apply some Serious
improvements in the logic of evaluation of knowledge, and methodologies of data interpretation of student
responses. The presented architecture has typical configuration of hardware and software in an jfitmanet ‘envi-
ronment of educational institutions.

The article [14] considered content of compute-aided assembled examination in natural €eience disciplines,
stated requirements to «assembled examination» in general, and addressed some types of taskslen such exami-
nations.

Analysis of the aforementioned work shows that ordinary linear tests with simplefformsyof the answer
do not quite meet the requirements of comprehensive control of students’ knowledge. Fist offall it refers to
natural and mathematical sciences, which peculiarity lies in the close relationship ofyconeepts, themes and
sections of the course; as the main criterion for learning is the ability to solvé tasksofdifferent mature and level
of complexity. Therefore development of the adaptive, nonlinear, and intelleetual testing methods with more
various types of tasks and answers’ forms is needed. At the same time, newptestimgpsystems should incorporate
all the achievements of previous generations of the knowledge control tools.

2 Ontology and Ontology Engineering

Before going into further detail, it is important to define{the nation of ontology. Very briefly, ontology is
a formal specification of a conceptualization (in this casega domain) and it includes the definition of classes,
objects, properties, relationships and axioms. Ontologies.are‘@xpressed using a formal language such as RDF or
OWL and support automatic inference. Generally, ontologies involve a kind of consensus within a community,
meaning that they formalize concepts that are generally accepted within this community. There are many kinds
of ontologies such as upper-level ontologies, tagk omtologies and domain ontologies. We are interested here in
domain ontologies.

As previously pointed out, the concept of aldemdin ontology as envisioned by the eLearning community is
relatively new in the field of ITS. How@verjydomain ontology engineering is a growing research area that has
received much attention in other fieldstand it"1§ the corner stone of the Semantic Web. Ontology engineering is
a field that explores the methodsg@nd\toels for handling the ontology lifecycle.

It requires a general and demain-independent methodology that provides guidance for ontology building,
refinement and evaluation [15]. The,ontelogy life-cycle can be schematized in four main stages: the specification
stage, the formalization stage, the maintenance stage, and the evaluation stage.

— the specificationfstagejidentifies the purpose and scope of the ontology. Generally, this relies a lot on
domain experts and needs to define the competency questions that the ontology has to to answer. It is also
dependent on thefapplication that is going to be used by the ontology;

— the formalizationjstage produces a conceptual and formal model that meets the requirements of the
specificationsstage;

— the [maidtemance stage keeps track of the ontology’s updates and evolution, and checks its consistency;

—finally, the evaluation stage analyzes the resulting ontology and checks if it meets the initial needs and
has the desired features.

At this point, we are interested in the formalization stage and how it can benefit from automated methods
for kmowledge acquisition. In fact, the most common and successful techniques for domain engineering are
generally manual, and the best ITS authoring tools can help the expert formalize his knowledge but these tools
are generally far from being part of an automated procedure. It is therefore worthwhile to explicitly state the
steps that can be automated to alleviate the task of human experts and the burden of knowledge acquisition.
Ontology learning techniques have been adopted to achieve this goal [16]. These learning techniques can vary
according to the degree of automation (semi-automatic, fully automatic), the ontological knowledge that has
to be extracted (concepts, taxonomy, conceptual relationships, attributes, instances, axioms), the knowledge
sources (texts, databases, xml documents, etc.) and finally the purpose (creating ontologies from scratch and/or
updating existing ontologies).
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In order to build ontology of Geometry, it is beneficial to understand the need of ontology and some works
concerned of the ontology-based text mining. Ontology is an explicit formal specification of the terms in explicit
specification the domain and relations among them [17]. Ontologies are useful as means to support sharing and
reutilization of knowledge [18|. This reusability approach is based on the assumption that if a modeling scheme,
i.e., ontology, is explicitly specified and mutually agreed upon by the parties involved, and then it is possible
to share, reutilize and extend knowledge. Many disciplines now develop standardized ontologies that domain
experts can use to share and annotate information in their fields. Problem-solving methods, domain-inde
applications, and software agents use ontologies and knowledge bases built on ontologies as data [19].

Reusing existing ontologies may be a requirement if our system needs to interact with othe

reusable ontologies on the Web and in the literature, for example, the Ontolingua ontology
DAML ontology library [22]. The need of ontologies is connected with the inability of the eRisting methods
to adequately automatically process native-language texts. For high-quality word procesgiag must have
a detailed description of the problem area with a lot of logical links that show the rela ween the
terms field. The use of ontologies can provide a native language text in such a way tl heén it becomes
available-for-automatic processing [23].

Within the OSTIS project (The Open Semantic Technologies for Desi
«Variational Geometric Solver» help system has been generated. On the basi
The system operation is organized so, as to answer the questions asked by
questions, as well as to complete the geometric tasks. In the work «The Sema, Technology for the Component
Design of the Intelligent Task Solvers» the authors [24] have p@ d the featmres of the help system of the
intelligent geometric solver.

Systems) the
try domain ontology.

3 Geometry onto

domain of discourse (classes (sometimes called
res and attributes of the concept (slots (sometimes
sometimes called role restrictions)) [19]. Ontology
tes a knowledge base.

An ontology is a formal explicit description of concepts
concepts)), properties of each concept describing varig
called roles or properties)), and restrictions on slots
together with a set of individual instances of ¢ 0

Development of ontology includes [19]:

— defining classes in the ontology;

— arranging the classes in a taxonomftic(gubclass — superclass) hierarchy;

— defining slots and describing allowed values for these slots;

— filling in the values for slot

Our ontology consists of 1 levels. The first level contains the classes, instances of which cannot
be received from the other class ight Class Shape represents all the entities of the outline shapes. The
Specific Right Shapes are_the instances of this class.

The front levels argfgene
modules, opened by tl ning Manager. The higher the level is, the more detailed the information is; for
figure is classified as a two-dimensional one, and in turn, it is classified as a
polygon, the p s a convex polygon, the convex polygon — as a quadrilateral, the quadrilateral — as
a parallelo arallelogram — as a rectangle or a diamond, the rectangle or the diamond — as a square
respectiv 1):
ge classes in a hierarchical taxonomy with a question if, when being an instance of one class, the
that is, by definition) an instance of another class. If the A class is a superclass of the B class,

C d
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4 Data analysis on the natural language based o

As compared with the traditional forms of learning, the dist;? 1
to the students’ individual peculiarities, a free choice of time, a plac an education level, the use of the new
training methods, the modern means of communication and the n transmition between the students
and teachers. Nevertheless, knowledge monitoring is particul rtant due to the absence of the direct
contact of students and professors.

Geometry domain ontology.

The following types of questions for the k

— the closed-ended test questions, i. h
answers to the question is right and sh. e chosen;

— the open-ended test questions, the stions without the proposed alternate answers (these questions
are useful for evaluating the knowled erms, definitions, concepts, etc.);

tasks).

One of the artificial i
network. A semantic
nodes correspond

ethods for representing knowledge in a natural language is the semantic
domain information model, that has the form of the directed graph, which
in entities, and the arcs (edges) set the relationship between them. Concepts,
ould be the entities. Thus, the semantic networks are one of the ways to represent
nguage. Over the last years in the works of many scientists the special graphdynamic

edge types, as well as the formal tools for describing knowledge processing on the semantic level. A system
of intelligent evaluation of the students’ knowledge in the case of the Geometry domain could be developed
upon the proposed principles.

The text analysis in a natural language is suggested for analyzing and examining the students’ answers to
the open-ended test questions. The knowledge description in the Geometry domain was presented as ontology
[27].

Let’s give a brief description of the proposed method of checking the geometric task solution based on the
ontologies. The texts of the geometric task are a set of the coherent sentences. They include simple and complex
sentences, incomplete sentences (with anaphora and ellipses). Formal understanding of the geometric tasks’
text is their representation in the knowledge language in the domain of Geometry ontology. This representation

Cepusi «Maremaruka». Ne 4(84)/2016 73



D. Kabenov, R. Muratkhan, V. Golenkov

should be connected and extended by filling the slot value for the cases, which describe the situation presented
by the text.

Reviewing the whole process of analyzing the geometric tasks seems to be impossible in this article.
Therefore, let us consider the structure of the situation, which should be resulted from the ontology based
on the linguistic analysis for a geometric task.

The Task. A rectangular quadrilateral, which sides are 8 cm and 18 cm, is given. The areas of the rectangular
quadrilateral and the square are equal. Find the square side.

Linguistic analysis of the task’s text

Our task consists of three sentences. These sentences pass morphological analysis in turn.“Bhat is the roots
of words is determined and they will be stored in the base of morphemes.
From the first sentence it finds a word rectangular quadrangle — noun, and on ontology tangle. Side —
noun, on ontology is edge, length is also a noun, on ontology is length, 8 — numeral, 18 — nu @ 3ut there is no
length of sides of a rectangular quadrangle in the global ontology, but we added the e logal'ontology. Here,
the global ontology refers to the ontology of geometry, and the local ontolog n conditions of
the task.
From the second sentence it finds a word square — noun, and on onto
noun, and on ontology is rectangle, quadrate — noun, and on ontology squa al — adjective indicates that
the area of a rectangular quadrangle and quadrate are equal.

rectanghe — adge
select Tsubject Tpredicale Trange Thype where | [Tsubjec! a geomorectangle. Trange a
owtiiamedindradual) .} UNION {?subject a geom:rectangle. Trange a geom:rectangle. sy
owtliamedindradual) ) URION [?subject & gecm:edge. 7range a geomedge. Psubjct Tpred
ABCD has Sde DA
ABCD hasSide CD
ABCD hasSide BC
ABCD hasSide AB
DA paraBelTo BC
CD paralelTo AB
|BC paraBelTo DA
AR paraBefTo CO

b Trange . Tsubject a Ttype. FILTER (Ttype =
nge . Fsubject a Tiype. FILTER (?type !=
1a Tiype. FILTER (?type = cwtNamedindradual) .} }

reclangle adge — kength
select Paubject Tpredecaie rrange Tiype whete { (?subsec
owtiamedindrndual) .) UNION {7subject a gecmuedge. 7|
UMION {Fsubject a geomodength. Frange a geomdeng

a th. Fsubject Tpredicate Trange . Tsubject a type. FILTER (Ttype =
t Ppredicate Trange . Tsubject a Ttype. FILTER (Ttype = owtNamedindradual) .}
rrange. Tsubject a Fiype. FILTER (Tiype != owtMNamedindividual] .} }

po where | {Psubject a geomesquare, fTrange a geom:area. Tsubject Tpredicaie Frange . Teubect a Fiype. FILTER | Fiype !=
Pl & geom:Squans. Trange a goomesquant, Tsutject Tpredicale Trange . Tsubjct & Tiype. FILTER (Ptype !=
Tsubject 8 geom:ared, Trange a geomiarea. Tsubject 7predicate Frange, Tsubject a Ttype. FILTER [Tiype = owtNamedindividual) ) )

i ali Prange Thype where | {?subject a peomerectangle. Trange a géomeanes. Tsubject Tpredicate Trange . Fsubject a Tiype. FILTER [Ttype !=
wal) .} UNION {Fsubject a geomrectanghe. Trange a gecmineclangle. Tsubject Tpredicale Trange . Tsubject a Tiype. FILTER [ Fiype !=
wal) .} UNIOM {?subject a geomzanea. Trange a gecm:anea. Tsubject Tpredicale Trange. Tsubject a Ttype. FILTER [Mype != owtNamedindridual) .} }

Squarne — indge

SEeC PSubeCt TRredscate Trange Tihyps wiers | (PSubiect & GrOmosquare, Trange A geoaedge. Tsubect Tpredicate Trange . Tsubect & Tiype, FILTER (Ptype =
owtHamedindividual) .) UNION (7subject a geom:squane. Trange a geomcsquare. Tsubject Tpredicale Trange . Tsubject a fiype. FILTER [ Fiype =
owtHamedindridual) ) UNION (Psubject 8 geom:eage. Trange & gom:edge. Tsubject Ppredicate Trange. Tsubject 8 Ttype. FILTER (7type '= owtMamedindridual) .} )
ABCD has Side DA

ABCD hasSida CD

ABCD has Side BC

ABCD hasSide AB

Dk paraBeiTo BC

CD paraBolTo AB

BC paraBaiTo DA

AB paraBelTo CO

Figure 2. SPARQL query to the knowledge base
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Now, the third sentence is analyzed. Hence, the word find — verb, length — noun, on ontology is length, side
— noun, on ontology is edge, quadrate — noun, and on ontology is square.

After all the words have been morphologically analyzed, the following questions are asked: To find what? —
Side. Of what? — Of Quadrate.

After linguistic analysis of the task’s text, a query is made to ontology in the language of query SPARQL
[28]. Having made a query, we find that there is an individual of rectangular quadrangle ABCD. ABCD has sides,
sides are parallel to each other, sides have lengths and sides are equal to each other. Rectangular quadrangle
has an area. Quadrate has an area. SPARQL queries to the knowledge base shown in figure 2.

The table listing all relationships between the properties of the individual rectangular quadra,
according to the results of query to the ontology. Local ontology describes the properties of t
that will be needed for this task solution. To solve the task you need to determine the side
quadrangle, lengths of the sides, and the numerical designation of lengths. Determine that thi
and parallel. Quadrangle has an area and is equal to the quadrate area.

We use description logic [29]. With description logic we determine classes and draw
global ontology and fill them with data from the task. Figure 3 shows a table of the rela
classes and properties of individuals.

p between the

rectangle_rectangle_ABCD hasSide
rectangle_rectangle ABCD hasSide
rectangle_rectangle_ABCD hasSide
rectangle_rectangle_ABCD has5Side
rectangle_edge_DA parallelTi
rectangle_edge_CD paralelT:

gle_edge_ BC
ngle_edge_AB

rectangle_edge_ BC
rectangle_edge_AB
rectangle_edge_DA

rectangle_edge

rectangle_edge DA
o rectangle_edge_CD

<

gngth rectangle_length_d

hasLength rectangle_length_b

rectangl&_edge_ﬂg O‘SL gth rectangle_length_c

regtangle_length_c

ectangle_length_d
rectangle_length_a
rectangle length_b
rectangle_length_d
rectangle_length_c
rectangle_length_a

square_square_ABCD
rectangle_rectangle_ABCD hasArea

hasLength rectangle_length_a
parallelTo rectangle_length_BC

paralleiTo rectangle_length_AB
paralleiTo rectangle_length_DA
paralleiTo rectangle_length_CD
isEqual  rectangle_length_d
isEqual rectangle_length_a
isEqual rectangle_length_b
isEqual rectangle_length_c
isEqual rectangle Mumber 8
isEqual rectangle_Number_8
isEqual rectangle_Number_18
isEqual rectangle_Number_18
hasArea square_area_5

rectangle_area_$S

Figure 3. Derivation of relationships and properties using description logic
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As the table shows, all the data and relationships between them necessary for solving the task are established.
The next step according to the formula calculates the area of rectangular quadrangle, and so on. For this purpose
the markup language of mathematical formulas MathML is used. Input and storage of formulas required for the
task solution will be made in the markup language of mathematical formulas MathML. Intelligent system of
knowledge evaluation has support for editing, viewing, and solution of mathematical expressions in the markup
language of mathematical formulas MathML.

5 Conclusions and succeeding activity

ral
responses\ to

This article presents an approach based on ontology, which solves the problem of the text ana,
language. We have proposed a method to use Geometry domain ontology to automatically ¢
«open» questions (without variants).

Our concept of creating a computer-aided testing system uses results of intelligent evalua
level and provides a set of tests that are adapted to the student’s training level. Knowié
distributes the questions in complexity, based on data obtained during testing. This ena
adaptive tests that do not require correction at the user level.

Mathematical models and algorithms created using artificial intelligence method§ an, guages for knowledge
representation will create real smart human-machine system, because they natural language,
which certainly affect the development of smart technologies in our cou

Further research in the framework of the methodological aspects of the
concern evaluation of students’ knowledge and the development of,databases
and different levels of complexity. J

of the user
ol system

control of knowledge will
est questions of different types
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1. Kabenos, P. Myparxan, B. ['onenkon

JIIMPAJTY IIIBLIAPABIH, OLTIMIH TaOMFu Tijige OaraJjayablH 3epaeJri
2XKyliecin »kacay oicTepi

akasaa 61TiMIl GaKbLIAYIBIH 3ep/Iesli aKImapaTThIK, KYHeciH kobajiay MeH YKaCay/IblH HETi31 YChIHBLIIHL.
Bya 6lnimai MeHnrepy yimiH <«allbK» (Kayarm yJriepi »KOK) TeCT TallCBIPMAJIAPBIHBIH HOTHKELIr aca
30p. Bi3 KoitraH cypakka »KayamnTbl TaHIAI aJyblH eMeC, ajl OKYIIbIHBIH OLTIMIH 6araiafiTeiH 6OJIaMBbI3, 63
Ke31H/I€ 0J1 YChIHBLIBII OThIPFaH dJICTIH THIMILIIriH qosengeiai. Asropsap 6i1iM asmynibiHbH Taburb Tigmeri
JKayalTapblH aBTOMaTThI Typ/e OaraJy YIIiH OHTOJIOTUSFa HEri3/iesireH MOTIH/I TaJIay OJIiCiH YChIHIbI.
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1. Kabenos, P. Myparxan, B. ['onenkon

MeTO,Z[bI CO3JaHNnNAd I/IHTeJIJIeKTyaJIbHOI'?'I CucCTeMbl OII€HKN 3HaHUI

06yqa101111/1xca Ha eCTeCTBEHHOM A3bIKE

B craTthe npemiozkena ocHoBa [jIst IPOEKTUPOBAHKS M Pa3pabOTKHU MHTEJIEKTYAIbHOM CHCTEMbI KOHTPOJL
¥ OIEHKN 3HAHWI C UCIOJIL30BAHMEM OTBETa Ha €CTECTBEHHOM s3blke. JIjIs ympaBjeHus: 9THUM 3HAHUEM
«OTKpBIThIe» (63 BapHaHTOB OTBETA) TECTOBLIE 3aJaHUsl ABJIAITCH Gosee sddexruBubME. O
3HaHUs, a He OTTaIbIBAHUE OTBETA Ha 3aJaHHBIA BOIIPOC, 9TO JOKA3bIBAeT 3(P(PEKTUBHOCTD IIPe
MeTo1a. B CBsi3u ¢ 9TMM aBTOpaMU MPEJIOXKEH HOBBIN MOAXO/, aHAIN3a TEKCTa, OCHOBAHHOTO
JJIsI aBTOMATHYECKOI OIEHKN OTBETOB 00yYaeMbIX Ha €CTECTBEHHOM SI3BIKE.
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