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Abstract: Introduction. Ontologies are now recognised as the advanced standard
of knowledge representation for e-learning and some industries. In particular, the de-
velopment of multilingual ontological education resources is characterised as a prom-
Ising area of research in the context of industry universities’ digital transformation.
The article deals with the development of an academic course multilingual ontology in
a Controlled Natural Language. Relevance. Although there are many ontology editors,
national developers of education resources should be familiar with formal logic and
have a good command of English. Therefore, it is difficult to discuss widespread use of
ontology-based education solutions in Russian universities. Materials and Methods.
The article offers a version of Controlled Russian Language for academic knowledge
representation. A methodology to be used for compiling academic course ontologies is
developed. As an example, a piece of ontology for the Introductory Course on Railways
is considered. Results and Discussion. To support this way of knowledge representa-
tion, a prototype of ontology editor Onto.plus was developed to support the version of
Controlled Russian Language. To implement the multilanguage function, equivalent
versions for the Controlled Russian Language ontology were developed in English and
Chinese. Conclusions. The solutions are a contribution to the implementation of an

open project to develop an ontology resource integrating universities and industry.
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U3nareanckuii 1om «Cpenay»

Annomauyusn:. Beedenue. Oumonocuu ce200Hs. NPUSHAHbL COBPEMEHHbIM CHAH-
0apmom npeocmasiienuust 3Hanutl 0 IAeKMPOHHO20 00YUeHUsl U HEKOMOPbIX OMPAc-
Jiell npouzeoocmea. B uacmnocmu, pazpabomrka MHO2OA3bIYHBIX OHMONIOSUYECKUX 00-
PA308AMENLHBIX PeCypPCco8 XapaKmepusyemcs nepcneKmusHbIM HanpasieHuem uccie-
008aHULL 8 YCLOBUSAX YUPDPOBOU MPaHCHOpMAYUL OMPACIesblX YHUBepCUmemos. B
cmamve paccmampueaemcs 80NpPoc papadbomKu MHO2OA3bIYHOU OHMONO2UU YUeD-
HO20 KYpCa HA KOHMPOIUPYEMOM eCIMeCm8eHHOM s3blke. AKMYanbHOCMb UCCiedyemou
npoonemvl. Hecmomps na cywecmeosanue MHONCECMBA peOAKmMOpo8 OHMOIO02UL,
omeuecmeenHvle paspadomuuKy 00paz08amebHbIX pecypcos O0JIHCHbL OblMb XOPOULO
3HAKOMbI C POPMATLHOU IOSUKOU U 81A0EMb AHIUUCKUM A3bIKOM. [105momy crodHcHO
2060pUMb O WUPOKOM PACHPOCMPAHEHUU OHMONOSUYECKUX 00pA308AMENbHBIX peule-
HUll 8 poccutickux 8ysax. Mamepuan u memoowt ucciedosanus. B cmamve npeonaca-
emcs 8epcust KOHMPOUPYEeMO20 PYCCKO20 A3bIKA OJ1 Npe0CmasieHus akademuiecKux
3Hanuu. Paspabomana memoouxa, Komopou Mo2ym pyko8o0CmeE08amvCsi Agmopuvl Npu
COCMAaseHuu OHMON02Ull Y4eOHbIX Kypcos. B kauecmee npumepa paccmampugsaemcs
paspabomka ppacmenma onmono2uu Ha mamepuaie yuyeoHou oucyuniunsvt « Oowuil
KypcC dfcene3nvlx oopoey. Pezynomamul uccredoganus u ux oocyscoenue. /s noo-
0epIICKU MAK020 Cnocodba npedcmasieHus 3HaAuull papadoman npomomun peoax-
mopa onmonocuii ONTO.PLUS, nododeparcusarowuii npeoiodiceHHyo 8epcuto KOHmpo-
aupyemozo pycckoeo azvika. C yenvio peanuzayuu QYyHKYuU MyasmuazblYHOCMU co-
30aHbl IKBUBANEHMHbIE 8EPCUU PYCCKOAZLIYHOU OHMONOUY HA AHRIULICKOM U KUMAU-
CKOM 13bIKaX. Bo1600bl. [Ipednosicennvie 6 cmamve peuletusi s6/sA10mcs 6KI1A00M 8 pe-
anu3ayuio OMKpPbIMO20 NPOEeKma no CO30aHUI0 OHMONO02UYECKO20 pecypca, 00beOUHs -

ujeco yHueepcumeniol U onipaciesovle npednpuﬂmuﬂ.

Kniouegvle cnosa: yuebuwviii Kypc, KOHmMpOIUpyeMblil pyCCKUll 5A3bIK, 00pa3o6a-
Hue, npeocmaeienue 3HAHUl, MYTbMUA3bIYHOCMb, OHMOA02Us, MPAHCNOPMHAS OM-

pacie.

Introduction
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Within the Knowledge-based Economy and Digital Economy, employers require
competences allow their labor force managing knowledge as a valuable intelligent re-
source of an industry. This is especially important for transport as a leading industry of
the Russian Federation. This category of knowledge is specified in [Edler, 2003] as
industry-related knowledge. Further studies reveal that such knowledge is an intelligent
resource with rather complex nature [Briola et al., 2013; Mohd Zulkifli, 2018]. They
reflect the state of an industry, its competitiveness and all the forces and factors affect-
ing it. They include knowledge about social, business, scientific, technological and fi-
nancial achievements of stakeholders within the industry. Several important conclu-
sions follow from this fact. Firstly, industry-specific knowledge is not limited to the
activities of a single corporation, but represents knowledge from all entities interacting
within the industry intellectual field (for example, universities). Depending on their
application purpose, industry-specific knowledge can be focused on solving business
problems (corporate knowledge), research and technological problems (fundamental
knowledge), and operational problems (highly specialised knowledge).

In particular, fundamental knowledge is systematic general scientific knowledge,
being the basis of general professional knowledge (oriented to the professions of a cer-
tain industry and being invariant for all jobs) and highly specialised knowledge. The
earlier theoretical study proved that this part of industry-specific knowledge is gener-
ated in higher education institutions oriented towards preparing employees for a par-
ticular industry, which are at the same time the centres of industry-specific science
[Khabarov &Volegzhanina, 2018].

Fundamental knowledge is seen as part of a industry-specific intellectual resource.
This type of resource requires a student's ability to generate new knowledge based on
existing knowledge. A student can do so either independently or with the help of a tutor
or computer technology. To make all this possible, knowledge has to be represented in
an appropriate form.

Scientists and practitioners argue for ontologies as such a form of knowledge rep-
resentation due to the relative simplicity of representing a consistent system of concepts

in a domain being modelled. In this «technical» sense, the concept of «ontology» in
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recent decades has increasingly penetrated into various fields of information technol-
ogy (artificial intelligence, business analytics, business modelling, etc.) and education,
where its application is to formalise some domain of knowledge through a conceptual
schema [Hastings et al., 2021]. In other words, the concept of ontology is associated
with activities aimed at extracting and representing knowledge.

These days, ontologies are recognised as an international standard for knowledge
representation by ISO/IEC and could be used to manage knowledges in science, engi-
neering and education [Gonzalez-Perez et al., 2016]. On the one hand, the representa-
tion of industry knowledge in a form of ontologies provides machine processing. On
the other hand, the ontological representation of content is comfortable for human per-
ception. This is particularly important for the education process, as it is a human being
who is a source and user of knowledge.

A number of didactic advantages of ontologies for knowledge representation over
traditional forms can be distinguished, namely:

— ontology provides an unambiguous and objective representation of knowledge
through unification of concepts and relations, which guarantees common understand-
ing of semantics of objects and relations between them within the same domain (e. g.
«Railway transport»);

— ontology is a machine-oriented form of knowledge representation, perceived by
both a human and a computer simultaneously;

— ontology is structured knowledge, thus allowing its computer processing;

— ontologies provide for knowledge reuse through an information system’s
knowledge base;

— there is a standard ontology description language (OWL), which provides inte-
gration of newly developed ontologies with already existing ontologies for formation
of open network resources;

— ontology provides translation into any natural languages, as knowledge after
separation from its carrier and representation in a formal-logical form does not depend
much on specifics of national language, i. e. translation is carried out at a level of con-

cepts and relations;
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— ontology is a compressed form of knowledge representation, reflecting the con-
ceptual basis of human memory organisation in a frame form, which can contribute to
learning intensification.

These didactic advantages would make the development of ontological education
resources promising for the industry and industry-related universities integration. The
conditions are provided for open projects implementation. An ontology resource is
considered to be one such project, incorporating industry-related universities into the
enterprise environment. Such projects establish «growth pointsy for single ontologies
and the development of professional communities in an Open Source format.

In practice, however, the implementation of such a project is accompanied by a
number of problems. On the one hand, ontologies in a form of knowledge graphs are
quite difficult for those involved in the learning process who are not familiar with pro-
gramming languages. On the other hand, only a few academic writers are able to pre-
sent the body of their work in an ontological form. The difficulties they face are caused
by the specific nature of the descriptive logic language underlying the OWL ontology
representation language: one must know the basics of predicate logic, have logical pro-
gramming skills, be able to work with ontology editors (e. g. Protégé), be familiar with
the subject of object-oriented modelling (e. g. in UML 2.0 notation), understand the
basics of frames and semantic networks theory.

Thus, the variety of knowledge representation tools accumulated in such fields of
science as artificial intelligence should be tailored to the needs of didactics and a rele-
vant tool for developing academic course ontologies should be reasonably selected.
The solution is seen in representing knowledge, which is essentially declarative, in a
form that would allow a consistent reading of a text to be perceived by humans as
naturally as it is with traditional linear texts. To this end, a natural language with certain
restrictions is offered to be converted into both hypertext and ontology language. This
format of knowledge representation is defined in the scientific literature as «Controlled
Natural Language» (CNL) [Kuhn, 2014; Norbert, 2010].

Efforts to create CNL for ontology representation are under their way. There are

some positive examples of software tools which use CNL for editing and manipulating
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ontologies [Attempto Project, Fluent Editor, etc.] [Kaljurand & Kuhn, 2013]. English-
based CNLs might be considered the most developed group of such languages. There
Is @ number of CNLs based on Chinese, French, German, Greek, Spanish, Japanese,
and Swiss [Winkler & Kuhn, 2017].

As for the Russian-based CNL, the task of its development is assigned and dis-
cussed [Balandina et al., 2018; Kuznetsova, 2020]. However, there is a lack of scien-
tific publications and practical solutions focusing on the development of academic
course ontologies based on Controlled Russian Language (CRuL).

There are also tools to extract knowledge from Russian texts. They could signifi-
cantly facilitate the preparatory work while developing academic course ontologies.
For instance, ABBY Compreno can automatically analyse textual information to ex-
tract entities, facts, events and relationships between them. Another example is RCO
Fact Extractor SDK by Russian Software Company RCO specialised in computational
linguistics. The utility of the above-named tools for the development of academic
course ontologies is yet to be explained. However, it can already be argued that these
achievements provide foundations for new technology to be developed.

Materials and Methods

For the development of academic course ontologies, a CRuL version with certain
limitations but well understood by students is offered. The material to test the CRuL
version was the Introductory Course on Railways (chapters). The extracted ontology
has been then translated into English and Chinese languages.

The main idea of introducing CRuL as an independent concept is that Natural
Russian Language (NRL) is required syntactically to limit its expressivity to avoid
multiple meanings. At the same time, the expressive means of NRL are retained insofar
as they describe the content of an academic course and simultaneously make a text in
NRL machine-readable.

The articulated idea of CRuL has defined the requirements for knowledge repre-
sentation to develop academic course ontologies. CRuL should remain human-reada-
ble; retain original semantics; explicitly emphasise logical structures; be logically rig-

orous enough to be translated into ontology web language (OWL); be machine-
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readable and, with a logical inference system, machine-understandable; be as inde-
pendent of national language features as possible, thus providing an equivalent trans-
lation into other natural languages and, potentially, automate this process.

Results and discussion

The following methodological guidelines have been developed to represent the
academic course content in the CRuL version offered.

1. CRuL is a highly simplified natural language, which uses colouration; fonts
control: selection (in bold), underlining, italics; indenting and new lines to position
parts of a sentence.

2. Sentences are represented by triplets:

Subject

Predicate

Object

An Object also may be represented by a triplet, which is written down with an
indent. An indent and a word wrap are critical syntactic elements in the suggested type
of CRuL to write compound and complex sentences. Some concepts or classes might
act as a Subject or an Object. A Predicate represents a binary relation between a Subject
and an Object defining properties or roles.

3. CRuL has the following elements, which are presented considering the agree-
ments about fonts control (selection, underlining, italics and colour):

— classes — appear in bold type;

— relations (roles, properties) — are underlined;

— Instances of classes or Individuals — highlighted in bold blue;

— attributes — are in italics;

— co-significant words (if...then, otherwise, and, or, not, some, all) — are high-
lighted in purple;

— a piece of text inaccessible of a computer (comment or annotation) — is high-
lighted in green;

— the degree of approximation to black colour defines the degree of an author’s

understanding of a piece of ontology. A piece of «well-conditioned» text must be black.
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An assembler ignores the shades of black. However, grey colours would be useful for
an author and possibly a recipient to understand the degree of the author’s confidence
in the text. They might be valuable for team work as well.

4. The text in CRuL should correspond to the norms of Russian Natural Language,
which is achieved by the correct use of suffixes, endings and punctuation marks in
narration. It is possible to reduce the load on the translator by using the following tech-
niques: if possible, use class names in the nominative case; highlight endings in words
In green as parts that are not perceived by an information system.

5. The semantics of texts in CRuL is largely related to the semantics of relations
through which properties are represented. Compilers are offered a standard range of
relations: equivalences, classifications, cause-effect, space-time, instrumental, attrib-
ute, etc. In general, when composing texts in CRuL it is necessary to focus on providing
an equivalent-free reflection of real-world objects in language constructions that are
consistent with human perception.

6. The description of CRL syntax is represented in Extended Backus-Naur Form
(EBNF) [Aho & Ullman, 1972; Hunter, 1981].

The methodology developed was then piloted by a group of educators and stu-
dents. The participants (10 engineering students and 2 professors from Siberian
Transport University, Novosibirsk) were offered to translate a piece of textbook into
CRuL according to the restrictions given. It has been found that:

— the text markup appeared to be subjective although the participants had been
given proper instructions;

— simple structuring and markup helped to find key concepts and properties at-
tributed to them in the text to show a student how to find Subject-Predicate-Object
triplets as a basis of ontology representation languages;

— structuring and markup of original texts approximating them to triplet represen-
tation as well as a back action — translation of triplet representations into well-struc-
tured and comprehensive NRL text — were useful for the development of critical ana-

lytical thinking of engineering students.
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Then, the methodology guidelines were applied to extract knowledge from a piece
of Introductory Course on Railways (the Clearance Limits Chapter).

The Onto.plus ontology editor was used to develop an ontology in CRuL. The
prototype was designed by a team of the Information Technologies on Transport re-
search laboratory of Siberian Transport University under the state contract No. 30/16
dated 30.06.2016. Onto.plus has a built-in multi-user ontology editor, which employs
a near-natural language that is well understood by students. Onto.plus supports Seman-
tic Web standards and lets several authors work synchronously to compile an academic
course ontology in multiple natural languages.

The textbook chapter in CRuL became available to students in the following rep-

resentation (see Fig. 1).

Q Beegute 3anpoc

[@abapuThl

@—OHTonoMMA y4ebHoro Kypca YCTPOWCTBA W COOPYKEHNS

g

—abaputbl —npeaHasHaueHsl Ana
—yTb ¥ NyTEBOE XO3RMUCTBO HOpManbHoe oBecneyeHne nepesoaok
|

[——3neKTpoCcHaGKEHNE KeNesHbIX 4opor —nocpeacTeom
——Pa3fentHele NyHKTbI ~KENE3HOLOPOKHBIN TPAHCMOpT
—TyTb 1 nyTeBoE X033ACTBO [——pacnonoxeHs! B10Mb

VICKYCCTBEHHBIE COOpYKEHUA

[~—naccaxupckue nnatopmbl

30aHUR
[~—0onopbl KOHTAKTHOM CETU
[~ CHUrHanbHble 1 NyTeBbIE 3HaKK

NpUBOZbI ANEKTPUYECKOH LIEHTPanN3aLnm CTpenok
[——nyTenposogb!
[~—MoCTbl

nposoga

npefasHayeHsl AN

CBA3N

Fig. 1. A piece of Clearance Limits ontology in CRuL
Puc. 1. Yacts pazpemienus orpannuuBaet oHTosoruto B CRUL
The Introductory Course on Railways is compulsory for railway university stu-
dents and some advanced qualification programmes for railway employees. Moreover,
this course is taken into account in teaching students a foreign language. Thus, an aca-
demic course ontology requires the development of its versions in other natural lan-
guages equivalent inter se. Russian is chosen as the kernel language, and English and
Chinese became languages for other ontology versions. The reason is a close alliance

between Russian and Asian railway sectors where English acts as an intermediary
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language for international communication. Thus, the development of a multilingual
(Russian-English-Chinese) academic course ontology related to the development of the
two matched bilingual ontology versions — Russian-English and Russian-Chinese.

To translate the academic discipline ontology into other languages the technique
described in Volegzhanina (2016) has been utilised. It is important to note that the
ontology version in English had nearly identical outline and layout as a piece of text in
CRuL. However, it presented certain practical difficulties applying to the ontology ver-
sion in Chinese.

After editing and placing the materials into Onto.plus, the textbook chapter in

English and Chinese became available for students as follows (see Fig. 2 and 3):

clearance limits

New book railway facilities and structures
clearance limits —are designed

to provide regular transportation service

rail

m B

r platforms

buildings

[—catenary supports
restricted traffic and wayside signs
—electric interlocking point machines
viaducts
—Dbridges
communication and electric wires
other facilities and structures

Fig. 2. A piece of Clearance Limits ontology in English

Puc. 2. ®parMeHT OHTOJIOTMHM OTPAaHUYEHHUN HA JTOITYCK HA AHTJINMCKOM SI3BIKE
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Fig. 3. A piece of Clearance Limits ontology in Chinese

Puc. 3. ®parMeHT OHTOJIOTMU OTPAHUYEHHUN HA JIOITYCK HA KUTAWCKOM SI3BIKE

Due to the industry-specific knowledge representation in a form of ontology, all

chapters (modules) of the academic course can be integrated, providing interoperability

of knowledge and forming a common semantic network (a knowledge base).

The variety of content representation forms (text, hypertext, ontology in con-

trolled natural languages, knowledge graphs) provides for an individual and differen-

tiated approach in the teaching and learning process as well as the standardisation of

education content through a unified system of concepts and relations in an ontology
(Fig. 4 and 5).
CXNTO

Kypcbi: Introductory Course on Railways:

Goods wagons and carriages

CTATbA

OHTONOrNA

OHTOrPA® BUAEO

DAAND!

TECT CNNIOBAPb

en

Goods wagons or freight wagons (North Ame

ica: goods cars or freight cars) are unpowered railway vehicles that are used for the transportation of cargo. A variety of

wagon types are in use to handle different types of goods, but all goods wagons in a regional network typically have standardized couplers and other fittings, such as
hoses for air brakes, allowing different wagon types to be assembled into trains. For tracking and identification purposes, goods wagons are generally assigned a unique

dentifier, typically a UIC wag

number, or in North America, a company report

plus a company specific serial number.

Fig. 4. A piece of text in Onto.plus

Puc. 4. ®parment tekcra B Onto.plus
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El Onto ru
L
“ Kypcei: Introductory Course on Railways:
Goods wagons and carriages
L AHHOTAL WA OHTONOrNA OHTOrPA® BWAEO DAANBI TECT CJ/IOBAPb

en

u
@

Fig. 5. A piece of knowledge graph in Onto.plus
Puc. 5. ®parment rpaduka 3Hanuii B Onto.plus
In a technical way, the concepts within the ontology via Onto.plus provide for the
transition of students to additional functions (multimedia, text file browsing, glossary
articles) (Fig. 6 and 7).

CTATbA OHTONOrKnA OHTOIrPA® BWAEO TECT CNOBAPb
MowsTne - (a) goods wagon
BOAHBIA TpaHCNopT
nomyBaroH synonym (a) freight car
nnatchopma is intended to carry goods
MOPCKOR TpaHCnopT Is Intended to carry passengers
- has data sheet

BKNaj B MEXrocyAapcTBeHHLIA
obopoT

has (a) wagon number
MmopA

except (a) transporter wagon
Y&pHoe mope

is divided into (a) multipurpose wagon

Fig. 6. A piece of glossary in Onto.plus

Puc. 6. ®parment ritoccapus B Onto.plus
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Kypcei: OGmmit Kypc Xeneanbix fopor:

* TabapuTtbl

Fig. 7. A piece of video in Onto.plus
Puc. 7. ®parment Buaeo B Onto.plus

Hence, the textual and hypertext levels are augmented by a logical level, revealed
in a rigorous syntax and unambiguous semantics of the content.

Conclusion

The main ideas expressed by the authors in this article can be summarised in the
following conceptual statements:

1. The methodology guidelines for the development of multilingual academic
course ontologies suggests a way of investigations within digitalisation of national in-
dustry-related universities. However, most ontology editors are designed for develop-
ers familiar with formal logic and often have the English-language user interface. This
makes it difficult to mainstream ontological resources in Russian higher educational
Institutions.

2. Controlled Russian Language could become a convenient solution to develop
academic course ontologies, as it is both human-oriented and machine-oriented. For
this purpose, the methodology guidelines were offered; a prototype of an ontology ed-
itor (Onto.plus) supporting the CRuL version was developed. These solutions have
been tested in designing a piece of ontology for the Introductory Course on Railways.

3. The Onto.plus editor provides for the development of education resources in

the ontology format in any natural language. For example, a multilingual academic
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course ontology with Russian-English and Russian-Chinese equivalent pieces were de-
veloped.

The prospect of this research is related to the formation of a common space of
industry-specific knowledge for education purposes. Multilingual ontological educa-
tion resources will be useful for foreign students studying at Russian universities as

well as for Russian students learning a second language.
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