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Abstract. This paper presents issues related to intelligent learning systems,
ontology model, as well as the development of evaluation of the achieved learning
outcomes. The purpose of this article is to investigate the ontology of intelligent
learning systems, which is one of the important technologies in the semantic
network. An analysis of sources on intelligent learning systems has been conducted.
Issues related to the construction of intelligent systems, ITSS, e-learning and LMS
have been considered. Nowadays, intelligent learning systems (ILS) are one of
the most relevant technologies in the field of education. They allow you to create
personalized learning materials and training programs that take into account the
characteristics of each student and his or her needs. However, for ILSs to be as
effective as possible, it is necessary to develop an ontology — a set of terms and
concepts that define the relationship between them in a particular area of knowledge.
The purpose of this article is to explore the ontology of intelligent learning systems,
analyze sources on ILSs, and consider issues related to building intelligent systems,
information technology in education (ITSS), e-learning, and LMSs. The article
presents a study of the ILS ontology, which is one of the important technologies in
the semantic network. The authors of the article describe the methods of developing
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an ontology for the ILS, which allows to take into account the characteristics of
each student and his or her needs. Issues related to the construction of ILS s and
assessment of learning outcomes are discussed, including an analysis of various
ITSSs and their use in e-learning and LMSs. The article discusses the benefits of
using ILSs in education. They allow students to receive individualized instruction
and maximize their strengths, which contributes to deeper learning and improved
academic performance. ILSs allow teachers to maximize their time and resources
by creating personalized learning materials for each student.

Keywords: intelligent systems, ITSs, e-learning, LMS, intelligent assessment
system of achieved learning outcomes
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AHHoTanmsa. by Makanana MHTEIIEKTYalIbl OKBITY KYHenepiHe, OHTOIOTHs
MoJeJiHe, COHMai-aK KOJ JKETKI3UITEH OKy HOTIDKENepiH Oaranaymbl o3ipieyre
KaTBICTHI Cypakrap OepinreH. byn makamaHbIH MaKcaThl CEeMaHTHUKAIBIK Kelifgeri
MaHBI3IBI TEXHOIOTHUSIAPABIH Oipi OONBIT TaOBLIATHIH HHTEIUIEKTYAIII OKBITY
KYHenepiHiH OHTOJOTHACHIH 3€pTTey OONbIN TaObUIaAbl. 3UATKEPIIK OKBITY
KyHenepi OOHBIHIIA JAEpeKKe3[epre Tanaay Kyprizingi. HHTemnekTyanast
xyenepni, ITSS, eLearningxone LMS KypyFaKaTbICTEIMACeNIeNep KapacThIPBUIIEL.
Kasipri yakpITTa HHTEIUICKTYAIABIK OKBITY JKyienepi OimiM Oepy callachIHIarbl
€H ©3€KTI TeXHOJOTHUIApALH Oipi Oombin Tabbutagsl. Omap op CTYOEHTTEPIiH
epeKLIETIKTepl MEH KaXXETTUIIKTEpiH eckepeTiH skeke OKy Marepuangapsl MeH
OKy OaFnapiaManapblH jKacayFa MYMKIHIIK Oepemi. Ajaiiia, MHTEIUICKTYaIbIK
OKBITY KyHesnepi MyMKIHAIriHIIE THIMA1 OOMYBI YIIIiH OHTOJOTUSHBI — OenTifi Oip
OLTIM camachlHIa OJAPIBIH apachIHAaFrbl OAWIAaHBICTHl AHBIKTAHTHIH TEPMUHICD
MEH YFBIMIApAbIH JKUBIHTHIFBIH 93ipiey KakeT. byl MakamaHblH MaKcaThl-
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MHTEIUICKTYAIBIK OKBITY KYHEIEPiHIH OHTONOTHSICHIH 3ePTTEY, MHTEIIICKTY AT IbIK
OKBITY OKyiHesnepi OOWBIHIIA JCpEKKe3Jepre Tajjay >KYprizy, CoHaah-ak
WHTEJUICKTYIIBIK KYHenepi, OimiM Oepymeri aKmaparThIK TEXHOJIOTHSIAPIIBI
(ITSS)pnexTponnsik OKbITYAB XoHe LMS Kypyra OalmaHbBICTBI Macenenepai
KapacTeipy. Makajiajja CEMaHTHUKAJIBIK KEJIiJeri MaHbI3bl TEXHOJIOTUSIAPIABIH
Oipi OONBIT TaOBUIATHIH HHTEIDICKTYANIBIK OKBITY JKYHelepi OHTOIOTHSICHIH
3epTTey YCHIHBUIFaH. Makaja aBTopiaphl 9p CTYIEHTTEPAIH EpeKIICTIKTepi MeH
KaXETTUTIKTEPiH eCKepyre MyMKIH/IIK OepeTiH MHTEIIEKTYaIbIK OKBITY Kyienepi
YIIiH OHTOJOTHSHBI JaMBITYy OJICTEPiH cHUNATTaWIbl. VHTEINEKTyalablK OKBITY
KyHenepi Kypyra jKoHE OKy HOTIKeNepiH Oaramayra OaiJlaHBICTBI MoceJelnep
KapacThIPBUIA/IbI, COHBIH IIIHJE dPTYPIIi itss-ke Tanaay sxoHe onapiabl eLearning
xoHe LMS-te maiinanany. Makanaga WHTEIJIEKTYaIIBIK OKBITY JKyiemnepi OiiM
Oepyae KONTAHYABIH apTHIKIIBUIBIKTAphl TalKbulaHagel. Omap CTyAeHTTepre
OKyFa JXeKe Ke3KapaclieH KapayFa jKOHE OJapAblH KYIITI >KaKTapblH OapbIHIIA
THIMJII TaiiasaHyra MYMKIiHIOIK Oepexmi, OyJ1 Marepuaiibl TEPEHIpeK Hrepyre
OHE OKY YJITepiMiH apTThIpyFa bIKNaI eTei. HTeIeKTyanaplK OKbITY Kykenepi
OKBITYIIBIIAP/ABIH 9P OKYIIBI YIIiH KeKe OKYy MaTepHajiapblH Kacay apKbLIbl
YaKbIT TIEH PECypCTapAbl THIM/II TTaiJaTaHyFa MYMKIHIIIK Oepei.
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SBISICTCS. MCCIIEAOBAaHUE OHTOJIOTHM HHTEIJICKTYyaJbHBIX OOy4YarolluX CHCTEM,
KOTOpas SIBISETCS ONHOM M3 Ba)KHBIX TEXHOJOTMH B CEMaHTHYECKOW ceTH. bbun
MPOBEJICH aHAJIN3 UCTOYHUKOB MO0 MHTEJUIEKTYalIbHBIM cucTeMaM o0y4eHus. beum
PaccMOTpPEHBI BOIPOCHI, CB3aHHBIE C TIOCTPOCHUEM HHTEIIEKTYalIbHBIX CHCTEM,
ITSS, smekrponHoro obyuenus u LMS. B HacTosmee BpeMs HHTEIJIEKTyalIbHbIC
cucrembl 00yueHus (MCO) SBISFOTCS OMHOW U3 CaMBIX aKTyallbHBIX TEXHOJIOTHUH B
cdepe obpazoBanust. OHM O3BOJIIOT CO3/1aBaTh IEPCOHAIN3UPOBAHHBIC YUEOHBIE
Marepuanbl U o0ydarolye MpOrpaMMBbl, YYUTHIBAIOIINE OCOOCHHOCTH Ka)IIOTO
y4eHHKa " ero norpednoctu. OnHako, s Toro 4toosl UCO ObuUIM MakcHMaIbHO
3 pexTUBHBI, HEOOXOTUMO pa3pabaTHIBATh OHTOJIIOTHIO — COBOKYITHOCTH TSPMHIHOB
U IOHATHH, KOTOPasi ONIpEeNIsieT B3aUMOCBSI3b MEXK /1y HIMHU B KOHKPETHOH o0nacTu
3HaHUH. llenb MaHHOW CTaThM — HCCIENOBAaTh OHTOJOTHMI0 HHTEIJIEKTYaJbHbBIX
o0ydJalomuX CHCTEM, TMpPOBECTH aHaimu3 HcrounukoB mno MCO, a Ttaxke
PaccMOTpPETh BOIPOCHI, CBSI3aHHBIE C MMOCTPOEHUEM WHTEIUIEKTYaJbHBIX CHUCTEM,
MH(pOPMAIIMOHHBIX TeXHOJOTHI B 00pazoBanuu (ITSS), anexkTpoHHOr0 00yUeHus u
LMS. B crarse npeacrapneno uccinenpoBanue ontonornn MCO, kotopas siBisercs
OJHOM U3 BaXKHBIX TEXHOJIOTUH B CEMaHTHUYECKON CETH. ABTOPBI CTaThbH OIIMCHIBAIOT
MeTonsl pa3pabotku onTonmoruu it MCO, KOTOphle TO3BOJNSIOT YUUTHIBATh
0COOEHHOCTH KaXXJIOTO YUEHHKA H ero MmoTpedHocTH. PaccMarpuBaroTcst BOIpOCHI,
cBszanHble ¢ moctpoeHueM MCO u o1eHKoM pe3ynbsTaToB O0YUYEHUs, B TOM YHUCIIE
MpOBOAUTCS aHaiu3 pasnuuHblx [TSS W HMX wHcrmonb30BaHHE B AIEKTPOHHOM
obyuennu 1 LMS. B cTarhe 00CYX)mTaroTCsl MpenMyInecTBa ucmonb3oBanus MCO
B 0OpazoBanuy. OHHU MO3BOJISIIOT CTYIEHTaM IOJy4yaTh HHAWBUAYAIBHBIN MOAXO.
K 00y4YeHHUIO 1 MaKCUMAbHO 3((PEKTUBHO UCIIOJIb30BATH CBOM CHIIBHBIE CTOPOHBI,
9TO CHOCOOCTBYyeT Oojiee IITyOOKOMY YCBOGHHIO Marepuana M TIOBBILICHHIO
ycreBaeMocTd. MCO  TO3BONAIOT  y4MTENsIM  MaKCUMalbHO 3(dekTuBHO
HCIIOJIB30BATh CBOE BPEMA M PECYPCHI, CO3/1aBasi EPCOHAIM3UPOBAHHBIE YIeOHBIE
MaTepuanbl Ui KaKIO0ro yUeHHKA.

KaroueBsble cioBa: mHTEIEKTyaldbHble cucTteMbl, ITSs, smexkrpoHHOE 00Y-
yeHne, LMS, uHTemneKkTyalbHas CHUCTEMAa OLEHKH JOCTHTHYTBHIX pE3YNbTaToOB
o0y4eHHS

Introduction

Digitalization of education involves the use of modern digital educational
technologies that differ from the previous e-learning system and LMS content
management system in the presence of flexible functions not only for management,
but also for analyzing and evaluating student achievements. The development
of intelligent assessment system of achieved learning outcomes is urgent. The
implementation of the technology of the intelligent assessment system of achieved
learning outcomes in general, specifically with the content in the Kazakh language
as well, is not sufficiently disclosed both in the world of science and in the
Republic of Kazakhstan. In this regard, the disclosure of the essence and method of
implementation of such technology is an urgent task.
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The demand for intelligent systems is growing at a record pace during the
pandemic. In educational system of the Republic of Kazakhstan various educational
learning systems, in which the assessment function is partially implemented and is
often limited to automatic verification of test and interactive tasks or in the form of
manual verification by a teacher.

The crucial aim of the article is to conduct a literature review, analyse methods
for assessing and predicting knowledge, skills and competencies of students in the
intelligent technologies.

“Intelligent training system is the system with the elements of artificial
intelligence. The intelligent training system allows you to adapt the learning process
to the each individual student characteristics working with the system. Learning
management is defined by the learning system itself based on learning outcomes.
Implementation is carried out on the ground of knowledge about the subject area,
the learning process and the learner”.

Related works. The literature review of different authors from 2017-2022 has
been conducted and analysed.

The analysis of the article Intelligent Tutoring Systems: a systematic review of
characteristics, applications, and evaluation methods (Mousavinasab et al., 2018)
has been carried out in accordance with the artificial intelligence methods for
creating more personalized educational system. Such systems are called Intelligent
Tutoring Systems (ITSs). The authors of the article focus on the characteristics of
ITSs developed in various fields of education. The authors conducted research from
2007 to 2017, and 53 articles were included in the study on the basis of inclusion
criteria. The educational areas in ITSs were mainly computer science (37.73 %).
The most frequent artificial intelligence methods used in rule-based reasoning,
data mining, and Bayesian networking with frequencies of 33.96 %, 22.64 %, and
20.75 %, respectively. These methods allow ITSs to provide adaptive guidance and
learning, evaluate students, determine and update the student model, and classify
or group students. The system performance indicators, student performance and
experience were used to evaluate ITSs in particular.

Further the Smart Learning (Garcia-Pefialvo et al., 2020) has been considered.
In the consequence of pandemic due to COVID-19 artificial intelligence has a
huge potential, applied in the educational sphere. Therefore, educational systems
claim to use more intelligent learning technologies that do not claim to replace the
teaching staff, but facilitate their teaching activities. This special issue is focused
on introducing a collection of articles about original advancements in educational
applications and services driven by Al, big data, machine and deep learning.

In article An intelligent tutoring system for supporting active learning: A case
study on predictive parsing learning (Castro-Schez et al., 2021) authors designed
and developed an intelligent mentoring system to allow students to learn through
experience, working at the top cognitive level of Bloom's Taxonomy, encouraging
them to actively learn and be self-sufficient. Thus, the developed tool called
Proletool 3.0 (Figure 1) includes modules that are commonly encountered in
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systems of this type (domain module, mentor module, student module, interface
module, and evaluation module). In addition, the system provides a web interface
that allows you to use it as a learning object on the e-learning platform.

Authors (Grivokostopoulou et al., 2016) have utilised the app for interactive
examples and exercises related to search algorithms. The research area is the
artificial intelligence curriculum. The issue of using Bsearch algorithms has been
considered to offer theoretical descriptions, interactive examples and exercises
related to search algorithms in the artificial intelligence training system. The results
show that visualized animation and interactivity are two of the most important
factors contributing to better learning.

A methodology for assessing the student intelligence level based on the theory
of multiple intelligences. The research area is computer engineering. The system
is based on a hybrid approach with artificial intelligence generated by an artificial
neural network and an optimization algorithm called the Vortex Optimization
Algorithm (VOA). It was tried and tested on students and gave positive results for
improving self-learning (Kose et al., 2017).

In the article Application intelligent search and recommendation system based
on speech recognition technology (Jiang et al., 2020) was considered the speech
recognition technology to create smart search and app recommendation. The authors
designed a system of extraction levels, speech information analysis and finalized
the recommendations. Experimental results show that the proposed method is more
efficient and intelligent.

In the article Early segmentation of students according to their academic
performance: A predictive modelling approach (Jiang et al., 2020) were considered
the the methods Random Forests, decision trees, support vector machines and
naive Bayes. The authors propose a two-stage model supported by data mining
methods that uses information available at the end of the first year of students '
academic career (path) to predict their overall academic performance. Unlike
most educational data mining literature, academic success is measured by both the
average score achieved and the time taken to complete the degree. In addition, this
study suggests segmenting students based on the dichotomy between evidence of
failure or high performance at the beginning of the degree program and student
performance levels predicted by the model.

Investigates the relationship of two aspects to objective and subjective academic
achievements, as well as their incremental validity and interaction with the two
aspects of conscientiousness diligence and orderliness. Cross-sectional data from
424 students showed that a) intellectual openness is a strong positive predictor of
academic achievement, while sensory-aesthetic openness is a moderate negative
predictor, b) aspects of openness showed significantly greater incremental confidence
in aspects of conscientiousness than vice versa, and c) intellectual openness and
order interacted in predicting objective academic achievement (Thomas Gatzka,
2021).

Therefore, in the article Improving the expressiveness of black-box models for
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predicting student performance (Carlos et al., 2017) has been proposed a black
box method that allows us to take advantage of the power and versatility of these
methods in making some decisions about the input data and the design of the
classifier, providing a rich set of output data. A set of graphical tools has also been
offered to use the output information and provide meaningful guidance for teachers
and students.

Authors of the article A new methodology for early warning of critical
academic performance, based on discrete predictive models (Meca et al., 2019)
have presented a methodology based on the hypothesis that the method of sampling
the performance variable will significantly affect the generated predictive models.
The authors have emphasized the relationship between the factorization criteria
and the most relevant attributes selected for instance classification. In addition, the
relationship between the obtained predictive model and the criteria for factorization
of the target variable has been presented.

Three studies (Mousavinasab et al., 2018), (Garcia-Penalvo et al., 2020),
(Castro-Schez et al., 2021) conducted a comparative analysis of the effectiveness
of intelligent systems used in the educational sphere.

The analysis showed that there is a large amount of research on assessment
and prediction methods in e-learning, students' skills competencies, and academic
achievements (Zulfiya et al., 2019).

fm i e T

[ g SR R S
I B —m—

b

3 A
:f:l e r——
[ i
L

BITENIT — = .
— )
| e
3 9 i Evmerr Nl = e e
| — Rl /| -
[r— S -
e 1 s i
e Spraia S e o
! e
3 —_—
R gl [re— Ll | e wm _a
pem | | [ ]
ey ——
. g -
i -
el B = _ T
F
el =l ==
[ . —
H:_:I.._.,-
= T ?
— -
Lo = e =
- ————
sy e
FT T ] ——— [
e
----- i
———
n——
|
TUENLETaT
S =] et W e e e
S—— [ra—m—— L I— u- e
e B el -] e Pa——rei

Fig. 1. Architecture of the web interface system software according to Bloom's Taxonomy
(Castro-Schez et al.:2021)
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In this paper, the authors discussed (Quezada et al., 2021) about using NEON
(ontology methodology), Scrum (agile methodology), and web scraping to develop
an application of the ontology model of knowledge representation for knowledge
arrays as an additional tool to improve the curriculum in the context of software
development. The benefits of this paper are as follows: First, it combines and
applies ontology methodologies and agile development; second, a Java application
using the Jsoup library has been developed to extract and visualize information
about a bachelor's degree in software engineering.

One can see the design of a competence ontology for educational program
analysis. It is shown as an analytical review of the works on this topic. The
methodology of the process of collecting and analyzing professional and personal
qualities is proposed. Created data on programmer diploma requirements. The
ontology of required competencies for this specialty is created. For example, the
ontology of key skills for the profession "Programmer" is given. It is possible to
see variants of compositions of all collected qualities. The practical implementation
of the transition and the combination of research related to market analysis and
research related to the dynamic changes in education is explained. The resulting
lists of professional qualities and personality traits will then be classified into
generalized groups (Aksenov et al., 2020).

The need to ensure compliance of professional training with both formal and
informal requirements of the education system and the labor market of this work is
confirmed by the relevance. The reason for the employment of university graduates
in the labor market, is the lack of methods and technologies that are able to align the
results of the information technology curriculum with the requirements of the labor
market. This article (Kurzaeva et al., 2020) describes methods for developing an
ontological model that would be capable of shaping the content of IT competencies
and assessing them in university students. Firstly, the boundaries of the subject
area of awareness must be defined, and secondly, a method for taking into account
individual characteristics and needs must be considered and developed in advance
to create an individual training and self-study plan, these two theses are our basis.
On the example of the subject area of business solutions platform "1C:Enterprise"
presented ontological model, developed by the stated method for the formation of
the content of IT competencies and their evaluation. Knowledge base, created with
the help of ontological model, can be integrated into the intellectual information
systems of decision-making, designed for education, corporate training and human
resource management. For professionals developing new tools and methods of
distance education and distance learning management this article will be useful.

The professor is known as the mentor who guides and guides students throughout
their professional learning, this is provided in the competency-based model.
Consequently, the professor must determine which courses students have approved
and which courses they should take during the next period so that their academic
learning does not fall behind. Curricula should be modeled to indicate a complex
structure consisting of courses (which are represented as nodes), links (denoted
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as edges) between course prerequisites, and semester number (represented by a
node weight). The paper (Galvez et al., 2020) provides a bi-directional weighted
graph that will represent internal and wire constraints in the flow of courses that
students must take and pass, creating an organized context (which is governed by
each course weight) in which they can be guided and directed by the instructor. A
system is proposed for monitoring student progress and enabling student-teacher
interaction that integrates a weighted bi-directional schedule. Developments that
are based on an ontology model is a collaborative application, such systems. So,
this work integrates graphs with artificial intelligence.

The article (Mandi¢ et al., 2018) also describes a semi-automated software
platform developed to harmonize computer science curricula at all levels of
education. The algorithms used for ontology matching are described in detail, as
well as the principle of matching computer science curricula with ontology models.
For computer science teachers from the Republic of Serbia, the model of the
selected curriculum was created and compared with the model of the reference
curriculum for computer science teachers using the software platform. According
to the analyses of the results, which include a comparison with the data obtained
for other possible pairs of created input ontology models (ACM K12 high school
model and the reference model, high school model and the model of the selected
curriculum). The experiments presented in this article indicate that consideration
should be given to improving the curriculum for teachers, as well as the use of new
matching methods.

In the field of education, the semantic network and the development of ontologies
can play a significant role. In this (Katis et al., 2020) discussion, the authors focus
on conceptualizing educational knowledge structures in an academic setting. More
specifically, we present the methodology and process of developing an educational
ontology. The methodology could be reused and applied to any type of course
at various institutions and contribute to several objectives of the curriculum and
course activities.

In education, ontologies have been used with great success because they allow us
to formulate a representation of the subject domain by identifying all the concepts
involved, the relations between the concepts, and all the existing properties and
conditions. The purpose of this paper (Stancin et al., 2020) is to present the field of
ontologies and provide an overview of recent research in the field in the context of
education. As this paper presents a literature review, articles from the past five years,
have been collected from the IEEE Xplore database, analyzed and classified based
on the use of ontologies for: curriculum modeling and management, description of
learning domains, learning data and e-learning services. From the resulting work,
one can observe a somewhat growing trend in the contribution of ontologies to
educational systems. Many analyses used ontologies to describe learning domains,
and some of the 95 papers collected could not fit into just one category because
the system used more than one ontology. Throughout the work, the following
contributions were made: the term "ontology" was defined, the most common types
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of ontologies and commonly used methodologies for building ontologies were
identified, and an overview of existing systems that use ontologies in education
was provided.

With the emergence of data-driven technologies, the importance of education
and training in data science is increasing, and of an organizational culture that aims
to gain practical value for improving the research process or enterprise business
by using a variety of enterprise data and widely available open data and social
media data. By today's research and data-driven industries require new types of
professionals capable of supporting all phases of the data lifecycle, from production,
input, to data processing and delivery of actionable results, visualization and
reporting, which can be collectively defined as a family of data science professions.
An interdisciplinary approach is required for education and for professional training
of data scientists, combining a broad view of the fundamentals of data science and
analytics with in-depth practical knowledge of specific subject areas. In current
situations with rapidly changing technologies and high demand for professional
skills, data science education and training must be customizable and provided in a
variety of forms, as well as provide sufficient opportunities for data processing labs
for hands-on learning. Article (Demchenko et al., 2020) discusses an approach to
creating a customizable data science curriculum for different types of learners based
on the EDISON Data Science Framework (EDSF) ontology, developed through
the EU-funded EDISON project and widely used by universities and professional
learning organizations.

The art and expertise of data management are critical to the widespread
adoption of open science and the effective use of data in research, industry,
business, and other sectors of the economy. Unbiased data management views
(searchable - accessible - compatible - reusable) and data management provide
the foundation for effective research data management. The paper (Demchenko
et al., 2021) "Turning YARMARKS into Reality" and others recommend that data
skills be more widely integrated into university curricula and that a concerted
effort be made to coordinate and accelerate the teaching of professional roles in
data processing. Reliable Data Skills for Learning is being worked on by many
projects and initiatives, across Europe and beyond. Here is the ongoing work of
the FAIRSFAIR project to develop a data management competency framework and
provide guidance on how to implement this framework into university curricula
by defining model data management curricula. In the labor market analysis, the
proposed method and identified competencies and knowledge themes are validated.
The material presented uses the EDISON Data Science Framework as a framework
for defining data management competencies and a methodology for linking
competencies, skills, knowledge, and intended learning outcomes in curriculum
development.

Asaresult of the formation of e-learning systems, personalization and adaptability
have now become important characteristics of educational technology. By design,
the authors describe (Aeiad et al., 2019) the development of an architecture for a
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personalized and adaptable e-learning system (APELS) that attempts to contribute
to advances in this area. A personalized and adaptable learning environment APELS
seeks to provide users from freely available resources on the Internet. Modeling a
specific learning subject and extracting relevant learning resources has been used
an ontology from the Internet based on the learner model (learners' experiences,
needs and learning styles). The APELS processing methods is to use natural
language to evaluate content extracted from relevant resources according to a set
of learning outcomes defined by standard curricula to ensure appropriate learning
of the subject matter. A computer science primer is used to illustrate the working
mechanisms of APELS and its assessment based on the ACM / IEEE computing
curriculum. Experimental opinions were conducted with subject matter experts to
assess whether APELS can create the right instructional content to meet the learning
needs of the student. The scores show that the content created by APELS is of good
quality and satisfies the learning outcomes for teaching purposes.

Ontologies are one of the pillars of the semantic network. The semantic network
tangibly relies on formal ontologies that structure subordinate data and information
in a machine-readable way so that this knowledge can be automatically read and
processed by machines. In this process, the authors (Piedra et al., 2018) present an
ontology approach to the foundations required for the IEEE and ACM computer
science curricula (CS2013). The goal of this process is to improve the usability of
the curriculum through the development and implementation of a computer science
ontology. Through ontology definitions of concepts, data properties, and data objects
can be useful to overlay and maintain a logical structure for new types of curriculum
concepts that may emerge from autonomous higher education institutions (HEISs).
Users gain a resource from obtaining information in open portable data formats.
As a result, the developed ontology is a powerful tool that can change the way
curriculum knowledge is defined, managed, negotiated, analyzed, and shared.
The Semantic Curriculum Viewpoint can be used in a variety of learning modes,
facilitate academic mobility, accelerate the recognition of academic credits earned
at different institutions, and integrate and interact with different computer science
faculty curricula or provide convergence and interoperability of other disciplines.

A course of teaching and learning is a curriculum because it contains an important
promise between faculty and students in higher education and in the university. But
at the moment, most curriculum management systems provide simple functionality,
including the creation, modification and retrieval of unstructured curriculum. The
approach of the authors (Chung et al., 2014) consists of defining the ontological
structure of the curriculum and the semantic relationships of the curriculum,
classifying and integrating the curriculum based on ACM/IEEE computing
curriculum, and formalizing the learning goals, learning activities, and learning
assessment in the curriculum using Bloom's taxonomy to improve the usability of
the curriculum. Among other things, we propose an effective method for enhancing
student learning effects through the construction of a subject ontology that is used
in discussion, visual presentation, and knowledge sharing between instructor and
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students. The authors assure the correctness of the search and classification of our
proposed methods according to experiments and performance evaluations.

Although model-based software engineering (MBE) is a widely recognized
discipline in the field of software engineering (SE), no agreed basic set of concepts
and practices (i.e., body of knowledge) has yet been defined for it (Burguefio et al.,
2019). In order to property the content of the MBE discipline, promote a global,
consistent view of it, clarify its scope with respect to other SE disciplines, and define
a framework for MBE curriculum development, this paper proposes content for the
body of knowledge for MBE. In doing so, the authors outline the methodology they
used to compile the proposed list of content, as well as the results of a survey we
conducted to solicit community opinion on the importance of the proposed topics
and their level of coverage in existing SE curricula.

Theoretical analysis of the literature shows that this problem has been widely
considered. At the same time, education implies the use of such forms and methods
of learning, which allow to include in the educational process. The most important
role in this process can be played by the ontological model, to which additional
requirements are imposed in the conditions of higher education.

Materials and methods

In the materials and methods section of the e-learning system, two key aspects are
outlined: the definition of the main components of the system and the development
of an ontological model to establish the semantic structure and relationships
between these components. Here's a breakdown of each aspect:

Definition of Main Components:

The main components of the e-learning system are defined, including:

Courses: These are the overarching units of instruction that cover specific topics
or subject areas. Courses typically consist of a series of lessons, activities, and
assessments designed to facilitate learning.

Modules: Courses can be divided into smaller units called modules. Modules
focus on specific subtopics or learning objectives within a course. They provide a
structured approach to organizing the content and activities for effective learning.

Assignments: These are tasks or projects given to students as part of their
learning process. Assignments can include essays, research papers, group projects,
or any other form of work that assesses the students' understanding and application
of the course material.

Tests: Tests are assessments designed to evaluate students' knowledge and
understanding of the course material. They can take various forms, such as multiple-
choice questions, open-ended questions, or practical exercises.

Other Elements: This refers to any additional components or features that are
part of the educational process in the e-learning system. It could include discussion
forums, virtual labs, interactive simulations, or any other tools or resources used to
enhance the learning experience.

Development of Ontological Model:

An ontological model is created to define the semantic structure and
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relationships between the components of the e-learning system. An ontology is a
formal representation of knowledge that describes entities, their attributes, and the
relationships between them.

In this context, the ontological model would define the relationships between
courses, modules, assignments, tests, and other elements of the e-learning system.
It establishes how these components are interconnected and how they relate to each
other within the overall educational framework.

The ontological model can provide a structured and organized representation of
the e-learning system, facilitating effective content management, navigation, and
retrieval. It helps ensure coherence, consistency, and interoperability of the system
components, enabling seamless integration and interaction between different
elements.

Stages of creating an intelligent e-learning system.

1. Learning outcome formulation

The formulation of discipline learning outcomes is carried out taking into
account the form of training, as the achievement of learning outcomes may differ
in distance, mixed and traditional training. However, the results must be formalized
as achievable for any type of training. Each learning result corresponds to (at least
does not contradict) the purpose of the educational program.

2. Ontological model of the discipline

The structure and content. The ontological model of the discipline is being built
on Protégé. tool (Center:2019). https://protege.stanford.edu/ It was developed at
Stanford University in collaboration with the University of Manchester.

The model includes topics of the discipline and a glossary, each topic of the
discipline includes basic concepts from the glossary, control questions on the
topic with links to the glossary are being developed, as well as tasks to check
the achievement of results on each topic, questions to check knowledge and their
answers on ontology in natural language is created, the system can be self-studiable
within a given discipline (Fig.2) (Zulfiya et al., 2019).

3. Assessment system development

Assume test question assignments and create a knowledge base with reference
answers on the subject of databases:

1 What is a relational data model?

Reference answer: A relational data model is a structured approach to organising
data in a database based on representing data as tables consisting of rows (tuples)
and columns (attributes) and defining relationships between tables.

2 What is a primary key?

Reference answer: A primary key is a unique identifier that uniquely identifies
each record (row) in a database table. It ensures uniqueness and integrity of the data
in the table.

3 What is a foreign key?

Reference answer: A foreign key is an attribute (column) in a table that
establishes a relationship between two tables in a database. It refers to the primary
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key of the other table and is used to determine the relationship between the data in
the different tables.

4 What is database normalisation?

Reference answer: Database normalisation is the process of organising data in
tables to eliminate redundancy and ensure data integrity. It involves dividing tables
into smaller and related tables using certain normal forms.

5 What is SQL?

Reference answer: SQL (Structured Query Language) is a programming
language used to manipulate relational databases. It allows you to perform data
creation, modification and retrieval operations as well as manage the structure of
the database.

By creating a knowledge base with benchmark answers to the test questions,
we can compare students' answers with the benchmark answers to assess their
understanding and knowledge of databases.

An example of student entries for test questions in a database subject:

Question: What is a relational data model?

Student Answer: A relational data model is a way of organising data in a
database.

Question: What is a primary key?

Student's Answer: A primary key is a unique identifier that helps identify
records in a table.

Question: What is a foreign key?

Student Answer: A foreign key is an attribute that links two tables in a database.

Question: What is database normalization?

Student's Answer: Database normalization is the process of improving the
structure of data in tables.

Question: What is SQL?

Student answer: SQL is a programming language used to work with databases.

[ v il & = = -
Fig. 2. Ontological model of the discipline
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Student's record of answers can be assessed by comparing it to benchmark
answers from a knowledge base. For each question, the degree of similarity between
the student's answer and the benchmark answer can be determined to calculate the
student's score for each question and the overall test score. This will assess the
student's understanding and knowledge of the databases.

To calculate the degree of similarity between a student response and a reference
response based on a fuzzy binary relationship, a similarity measure, such as cosine
similarity, can be used. Cosine similarity measures the angle between the vectors of
the student's response and the reference response, and the closer the angle is to 0,
the higher the degree of similarity.

An example of calculating the degree of similarity between a student's answer
and a reference answer using cosine similarity:

Suppose that the reference answer to the question "What is a relational data
model?" is "A relational data model is a way of organizing data in a database."

And the student's answer to this question is "A relational data model is a way of
storing information in tables."

We can represent each answer as a vector, where each word is a component of a
vector, and then calculate the cosine of the angle between these vectors:

Reference answer: [relational, data, model, is, a, way, of, organising, a, database]

Student answer: [relational, data, model, is, a, way of, storing, information,
tables]

Now, let's calculate the Cosine Similarity between these vectors:

Cosine Similarity = (A - B) / (||A||| * ||B|)

Where A and B are vectors of student and benchmark answers respectively, and
||A]| and ||B|| are their norms (lengths).

After calculating the cosine similarity, we obtain a value that reflects the degree
of similarity between the student's answer and the reference answer. The closer the
value is to 1, the higher the degree of similarity.

Applying this approach to other questions will calculate the degree of similarity
and evaluate student responses based on the fuzzy binary relationship.

To determine scores based on the degree of similarity between the student's
answer and the benchmark answer, a similarity threshold value can be used and
scores can be assigned depending on how close the answers are.

An example of calculating scores based on a similarity threshold:

Question: What is a relational data model?

Reference answer: "A relational data model is a way of organizing data in a
database."

Student response: "A relational data model is a way of storing information in
tables."

Let the similarity threshold be 0.8.
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We calculate the cosine similarity between the answer vectors and get a value
of, for example, 0.85.

Since the similarity value (0.85) is higher than the threshold value (0.8), the
student receives a full grade for this question.

Question: What is a primary key?

Reference answer: "A primary key is a unique identifier that helps identify
records in a table."

Student answer: "A primary key is an identifier for records in a table."

Let the similarity threshold be 0.7.

We calculate the cosine similarity between the response vectors and obtain a
value of, for example, 0.65.

Since the similarity value (0.65) is below the threshold value (0.7), the student
receives a partial score for this question, such as 0.5.

Scores for the remaining questions can be calculated using the similarity
threshold value and setting appropriate scores based on the proximity of the
student's answers to the benchmark answers.

To calculate the competence score based on the discipline scores for each
module, a weighted sum of scores can be used, where each discipline contributes to
the overall competence score.

An example of calculating competence scores based on discipline scores:

Suppose we have two competencies, Competency 1 and Competency 2.

Module 1:

- Discipline 1: Databases

- Discipline 2: Database Management Systems

- Discipline 3: SQL Language

The student received the following marks for the disciplines in Module 1:

- Databases: 85 points

- Database Management Systems: 90 points

- SQL Language: 80 points

Now, to calculate competency scores, assign weights to each discipline according
to their importance for each competency.

Let us assume that the weights for the competences are as follows:

- Competency 1: Databases - 0.4, Database Management Systems - 0.3, SQL
Language - 0.3

- Competence 2: Databases - 0.2, Database Management Systems - 0.5, SQL
Language - 0.3

Now let's calculate competency scores:

Competency 1 scores = (Database scores * Database weight) + (DBMS scores
* DBMS weight) + (SQL Language scores * SQL Language weight) = (85 * 0.4) +
(90 * 0.3) + (80 * 0.3) = 34 + 27 + 24 = 85 points

Competency 2 Scores = (Database Scores * Database Weight) + (RDBMS
Scores * RDBMS Weight) + (SQL Language Scores * SQL Language Weight) =
(85*0.2) + (90 * 0.5) + (80 * 0.3) = 17 + 45 + 24 = 86 points
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Thus, the student received 85 points on competency 1 and 86 points on
competency 2 based on the points received on the disciplines included in module 1.

It is possible to calculate competence scores for other modules by applying
weights of disciplines depending on their importance for each competence.

To calculate the average achievement of the compulsory learning outcomes of
an educational programme, the sum of the points for each discipline can be used and
divided by the total number of disciplines. This will provide an overall assessment
of the achievement of the learning outcomes throughout the programme.

An example of calculating the average achievement of compulsory learning
outcomes:

Suppose we have the following subjects in an educational programme:

1. databases - 85 points

2. Database management systems - 90 points

3. SQL Language - 80 points

To calculate the average of the required learning outcomes, we add up the scores
for each discipline and divide them by the total number of disciplines:

Sum of points = 85 + 90 + 80 = 255

Total number of disciplines = 3

Average Achievement = Sum of Scores / Total Number of Disciplines = 255 / 3
=85

Thus, the average achievement of the compulsory learning outcomes of the
disciplines in the educational programme is 85. This makes it possible to assess the
overall level of achievement of the learning outcomes throughout the programme.

It is important to note that thresholds and scores can be adjusted according to the
requirements and preferences of the assessor or the educational institution.

It is proposed to use an assessment system on the basis of open tests in a specific
discipline. The student writes his answer, which is compared with the reference
answer based on a fuzzy binary relation set between the student's answers and the
reference answers synthesized from the knowledge base of the given discipline
in accordance with the test questions. Competence scores can then be calculated
for all modules based on the scores obtained in the disciplines included in those
modules. As a result, it is possible to assess the achievement of learning outcomes
throughout the educational program, which is calculated as the average value of the
achievement of compulsory learning outcomes in the disciplines of the educational
program.

Results and discussion

The proposed assessment system based on open tests in a specific discipline
appears to be designed to evaluate student performance and measure the
achievement of learning outcomes. Here's a breakdown of the process and its
potential implications:

Open Tests: The assessment system utilizes open tests, where students provide
their answers in written form. This format allows for more flexibility and diverse
responses compared to multiple-choice questions.
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Fuzzy Binary Relation: The student's answers are compared with reference
answers using a fuzzy binary relation set. This approach suggests that the evaluation
is not limited to strict correctness or incorrectness but considers the degree of
similarity or dissimilarity between the student's response and the reference answer.

Knowledge Base: The reference answers are synthesized from the knowledge
base of the specific discipline. This knowledge base likely contains a comprehensive
collection of information and expertise related to the discipline, which serves as a
basis for determining the correctness or quality of the answers.

Competence Scores: Competence scores can be calculated for all modules based
on the scores obtained in the disciplines included in those modules. This allows for
assessing the overall performance and competence level of students across different
areas of knowledge covered in the educational program.

Achievement of Learning Outcomes: The proposed system aims to assess
the achievement of learning outcomes throughout the educational program. This
involves calculating the average value of the achievement of compulsory learning
outcomes in the disciplines of the program. It provides a comprehensive overview
of students' progress and proficiency in meeting the defined learning goals.

The strengths of this approach lie in its potential objectivity, scalability, and
adaptability. By employing a fuzzy binary relation set and referencing a knowledge
base, the system can provide a more nuanced assessment that goes beyond simple
right or wrong answers. Additionally, the calculation of competence scores and the
assessment of learning outcomes can offer valuable insights into students' overall
performance and program effectiveness.

Conclusion

The proposed approach you mentioned seems to focus on creating a teaching
system that doesn't require a human teacher. Instead, it relies on some other
mechanism or process to facilitate learning. Additionally, it suggests using a large
knowledge base to verify the attainment of learning outcomes.

This type of approach aligns with the concept of machine learning and artificial
intelligence, where systems can learn and improve from data without explicit
programming. By leveraging a large knowledge base, the system can access a vast
amount of information to enhance the learning process and verify the achievement
of learning goals.

Using a teaching system without a human teacher can have several advantages.
It can provide scalability, as the system can potentially handle a large number of
learners simultaneously. It can also offer personalized learning experiences, tailoring
the content and pace of instruction to individual learners' needs. Furthermore, such
a system can adapt and improve over time based on feedback and data analysis.

However, it's important to note that while a teaching system without a human
teacher can be valuable in certain contexts, it may not completely replace the role
of human educators. Human interaction, guidance, and support are often crucial for
fostering deeper understanding, critical thinking, and socio-emotional development
in learners.
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