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Abstract. The modern development of science and technology has provided high 
quantity of information. This information must be systemized and classified. For 
taxonomization of educational materials, it was proposed to use existing graph-
generators and graph-visualizers of the TODOS IT platform. A separate aspect 
of the TODOS IT platform is the possibility of using a centralized web-oriented 
learning environment. Creation of the system and transdisciplinary knowledge is 
a problem of modern education, which can be solved by creating a centralized 
web-oriented educational environment. Using this approach is an important part 
of the learning process. Such a centralized web-oriented environment based on 
the ontological approach involves filling, adaptive educational services with 
information resources that reflect the conceptual system of a particular discipline. 

One of the systems providing not only collection of information but include 
its systemizing is centralized web-oriented educational environment based on 
Ontology4 system. Ontology 4 use elements of the TODOS. 

The paper presents specific developments of one centralized web-oriented 
educational environment can be used to teach different subjects such as biology, 
chemistry, Ukrainian language and literature, using the STEM approach. 

Keywords: unified network-centric educational information environment, 
Ontology4, multiagent system, systematics of microorganisms. 

1 Introduction 

Modernization of the educational process is an important recent problem. One of the 
huge problems of education is the absence of the methods which can provide a complex 
of transdisciplinary knowledge transfer, which can be solved by creating a unified web-
oriented educational environment. This problem is limiting the implementation of 
modern approaches in education such as the research approach. 
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2 Literature review and problem statement 

Research approach in education is one of the ways to achieve a high quality of 
education. Simulation of the research process is based on using of main scientific 
research steps such as choosing of the topic, analysis of previous research results, 
hypothesis formulating, experimental research, data analysis and publication of results 
(not used under studying) [13]. Quality of the research may depend on the quality of 
the analysis of previous researches because it is the key to formulate the actual 
hypothesis [2; 4]. Hart et al. and Gerard et al. prove the necessity of this step [7; 8]. 
However, there is no decision which can provide safety for students and structured 
search for analysis of previous researches. Creation of centralized information web-
oriented educational environment which based on educational programs can solve this 
problem and it is important to provide a research approach in the educational process. 

Using the ontological approach to provide informational systemizing is an important 
part of the learning process. Such an educational environment based on the ontological 
approach involves filling adaptive educational services with information resources that 
reflect the conceptual system of a particular discipline. The methodical provision of the 
educational-cognitive process consists of the assimilation of the conceptual system, 
axiomatics, rules, syntactic and morphological foundations of this theory. The set of 
terms determines the conceptual basis of scientific theories by determining a certain 
ordering of the concepts of the discipline. Thus, the ontological multiagent in content 
reflects the conceptual system of a certain disciplinary theory. It takes into account the 
individual characteristics of each subject of the educational process. 

We propose using of Transdisciplinary Ontological Dialogues Object-Oriented 
Systems (TODOS) to provide ontologization of information. A key benefit of this 
system is the context-based method of data processing and structuring based on 
semantic relations. Previously there was provided attempts to use ontology-based 
approaches in education [8; 19].Then, the received information system is a multiagent 
and has all the benefits of such a system. 

However, they were characterized by not attractive for students and teachers 
interface and by low interactivity such as the absence of multiagency approaches. In 
the case of Ukraine, it is very important to provide education in the national language 
and IT platform TODOS can implement it. 

Structures in TODOS are represented by three categories (O, A, R), where O and A 
are a set of elements called objects and attributes, and R, respectively, is the binary 
relation between O and A. In particular, if oRa for o O, a A, then we assume that “the 
object possesses the attribute A” or “the object has the attribute O” [9].  

The feature of the ontological graph is the high level of structuring and data 
visualization, the possibility of transition between related vertices and search for 
semantic links between vertices and its elements. Graph provides a transition to 
scientific data carried out quickly and understandably. In addition, operationality of 
information can be significantly improved by transforming it to taxonomy under using 
of ontological approach [6; 18]. 
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3 Materials and methods 

For creating digital educational programs and other educational content, the sheets were 
loaded to the part of TODOS IT-platform editor4. After that, the generation of the graph 
edges with its characteristics was carried out. 

To store information and provide its sharing, Google sheets were used, with their 
further conversion into the .xls and .csv Excel sheets (see in Figure 1). The obtained 
documents were used to create the ontology structure .xml and to fill the ontology 
graphs with semantic and numeric information for ranking and filtering. Some of the 
instruments of the web-oriented educational environment are using intellectual features 
of TODOS and to provide these semantic characteristics were added. 

 
Fig. 1. Google sheet with data 

Web-oriented educational environment using external network resources as agents to 
extend own knowledge base. Recommended by the Ministry of Education of Ukraine 
external resources were used as agents of centralized information web-oriented the 
educational environment of Ukraine. They were indexed by a TODOS search machine 
tool. 

To improve the interactivity, it is possible to use modern approaches, including 
approaches of Augmented reality [10; 11; 17; 21] to increase interest to education [12]. 

4 Mechanism of the multiagent using in centralized information 
web-oriented educational environment of Ukraine 

One of the examples of multiagent integration with educational environmental is using 
of network source stemua.science [14]. Stemua.science is an educational resource 
based on CMS Wordpress. It was created as repozytorium for transdisciplinary 
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educational projects. Unlike other internet resources, stemua.science makes possible to 
add multi-categories and meta fields to post objects by using custom plugins. This 
portal provides free to use the base of educational materials and gives the possibility to 
share methods and projects ideas.  

Teaching materials presented on it have a clear structure which based on scientific 
or engineering method. This is achieved by adding custom metadata to post an object. 
This post object can be used as building part of a centralized information web-oriented 
educational environment. Stemua.science has open JSON endpoints provided via 
Representational State Transfer (REST) technology. JSON formatted documents can 
be converted to XML format on the fly. All amount of education data used for reactive 
creating ontological graphs and use all information processing benefits of TODOS IT 
platform in real time. 

5 Providing the researches in education due to the integration 
of multidisciplinary resources 

 
Fig. 2. The educational program of Chemistry for 10th-grade students 

The base of the centralized information web-oriented educational environment consists 
of the different types of educational programs (such as primary, secondary, 
extracurricular). This program differs from classical approaches of educational 
programs interpretation by a higher level of material structuring and interactivity. Both 
students and teachers can view all the structure of the curriculum online. To provide 
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this approach we used a graph edge to describe the topics of the curriculum. Therefore, 
these graph edges are connected with their mother-edges to create the hierarchy. This 
is the way of creation of structured interactive educational programs. General view of 
the educational program of Chemistry for 10th-grade students 
(http://ontology4.inhost.com.ua/?fname=programa-standartu-10-klas-himiya) is 
presented in Figure 2. 

 
Fig. 3. The mechanism of the internal search function 

 
Fig. 4. The results of the internal search function 
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Integration of the different resources is the way to provide multidisciplinarity and 
research approach of the educational process. A student who studies the subject and 
uses an interactive web-oriented educational program based on IT-platform TODOS 
can use external search to provide informational research of question he has. The 
mechanism of the internal search function is illustrated in Figure 3 and the results of it 
in Figure 4. 

 
Fig. 5. Internal material visualizing 

 
Fig. 6. The external material opening 



252 

The internal resources are shown in results as names of graphs, but multiagents of the 
centralized information web-oriented educational environment are shown as web-links 
(as we can see in Figure 4 – http://kobzar.ua/item/show/245). In the case of transition 
to internal graphs, it will open in TODOS-visualizer (ontology4.inhost.com.ua) 
(Figure 5).  

Clearly, that multiagent opening mechanism of TODOS web-oriented educational 
environment differs and an opening of them is lead to opening websites (Figure 6). 

6 Instruments to informational support of research and 
educational process 

Ontology-based instruments are the same characterized by a higher level of 
informational structuring. To show an example of such instruments we chose 
microorganism classification due to the problem of the absence of their interactive 
systemized structures which can be used in the educational process. It is clear, that 
hierarchy is created by their own taxonomy: types, genera, families, classes, orders, 
divisions, domains. Semantic characteristics are used to provide filtering. General view 
of the ontology-based structure is presented in Figure 7 and filtering of microorganisms 
in Figure 8. 

 
Fig. 7. Ontology-based structure of microorganisms 

We already propose a few methodical approaches to use TODOS web-oriented 
educational environment in classes. First of all, we propose to use it to provide STEM-
education. It may be used to provide research on topics such as “yogurt preparation” 
[3; 16]. However, the proposed educational environment can be used to provide 
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classical lessons such as the role of copper in the environment and industry [20] and to 
solve the problem of the research works ranging for students [5; 15]. 

 
Fig. 8. Filtering of microorganisms to select 

7 Existing methodical support for teachers for providing 
STEM/STEAM education 

Educational portal stemua.science particularly devoted to providing ontology-based 
research approach, using of the ontology-based instruments in the educational process, 
methodical support and instruction to use centralized information web-oriented the 
educational environment of Ukraine and its elements. 

8 Conclusions 

1. Firstly, we propose the method of informational support of the educational process 
based on the ontologized interactive program.  

2. The proposed method is characterized by a higher level of informational structuring 
and simple interface to use. 

3. Firstly, we have implemented to use a multiagent approach for creation of 
centralized information web-oriented the educational environment to increase the 
quantity and quality of information support of the research approach in education. 

4. It is created the methodical support to the simplify implementation of centralized 
information web-oriented the educational environment. 



254 

References 

1.  Adelsberger, H.H., Kinshuk, Pawlowski, J.M., Sampson, D. (eds.): Handbook on 
Information Technologies for Education and Training. Springer-Verlag, Heidelberg (2008)

2.  Baker, M.J.: Writing a literature review. The Marketing Review 1(2), 219–247 (2000). 
doi:10.1362/1469347002529189 

3.  Bilyk, Zh.I., Shapovalov, Ye.B., Shapovalov, V.B., Atamas, A.I.: Rol yedynoho 
merezhetsentrychnoho navchalnoho informatsiinoho seredovyshcha u STEM-navchanni 
(Role of centralized informational environment in STEM education). In: Proc. of conf. on 
Innovation technologies in education of gifted students, pp. 37–39 (2018) 

4.  Boote, D.N., Beile, P.: Scholars Before Researchers: On the Centrality of the Dissertation 
Literature Review in Research Preparation. Educational Researcher 34(6), 3–15 (2005). 
doi:10.3102/0013189X034006003 

5.  Chernetskiy, I.S., Pashchenko, Ye.Yu., Shapovalov, Ye.B., Shapovalov, V.B., 
Shapovalova, I.M.: Zastosuvannia ontoloho-kerovanoho pidkhodu v naukovomu aspekti 
steam-osvity (Application ontology-driven approach in the scientific aspect of STEAM
education). Scientific notes Minor Academy of Sciences of Ukraine, Series: Education 8, 
243–256 (2016) 

6.  Formica, A.: Ontology-based concept similarity in Formal Concept Analysis. Information 
Sciences 176(18), 2624–2641 (2006). doi:10.1016/j.ins.2005.11.014 

7.  Garrard, J.: Health Sciences Literature Review Made Easy: The Matrix Method. Jones & 
Bartlett Learning, Burlington (2017) 

8.  Hart, C.: Doing a Literature Review: Releasing the Social Science Research Imagination. 
Sage, Thousand Oaks (2018) 

9.  Mintser, O.P., Prykhodnyuk, V.V., Stryzhak, O.Ye., Shevtsova, O.M.: Transdystsyplinarne 
predstavlennia informatsii za dopomohoiu interaktyvnykh dokumentiv (Transdisciplinary 
reporting of information with interactive documents). Medychna informatyka ta inzheneriia
1, 47–52 (2018). doi:10.11603/mie.1996-1960.2018.1.8891 

10.  Modlo, Ye.O., Semerikov, S.O., Nechypurenko, P.P., Bondarevskyi, S.L., Bondarevska, 
O.M., Tolmachev, S.T.: The use of mobile Internet devices in the formation of ICT 
component of bachelors in electromechanics competency in modeling of technical objects. 
In: CEUR Workshop Proceedings (CEUR-WS.org) (2019, in press) 

11.  Modlo, Ye.O., Semerikov, S.O., Shmeltzer, E.O.: Modernization of Professional Training 
of Electromechanics Bachelors: ICT-based Competence Approach. In: Kiv, A.E., Soloviev, 
V.N. (eds.) Proceedings of the 1st International Workshop on Augmented Reality in 
Education (AREdu 2018), Kryvyi Rih, Ukraine, October 2, 2018. CEUR Workshop 
Proceedings 2257, 148–172. http://ceur-ws.org/Vol-2257/paper15.pdf (2018). Accessed 21 
Mar 2019 

12.  Mosunova, O.G., Rybinskaia, E.A.: Vliianie sredstv vizualizatcii na effektivnost 
obrazovatelnogo protcessa (Effect of vizualization on the effectiveness of training). In: 
Proceedings of the 7th International Scientific and Practical Conference on New 
information technologies in education, Rossiiskii gosudarstvennyi professionalno-
pedagogicheskii universitet, Ekaterinburg, 11–14 March 2014, pp. 178–182 (2014) 

13.  Scientific Method. Science Buddies. https://www.sciencebuddies.org/science-fair-
projects/landing-science-inquiry.shtml (2019). Accessed 21 Mar 2019 

14.  Shapovalov, V.B., Atamas, A.I., Bilyk, Zh.I., Shapovalov, Ye.B., Uchitel, A.D.: Structuring 
Augmented Reality Information on the stemua.science. In: Kiv, A.E., Soloviev, V.N. (eds.) 
Proceedings of the 1st International Workshop on Augmented Reality in Education (AREdu 



255 

2018), Kryvyi Rih, Ukraine, October 2, 2018. CEUR Workshop Proceedings 2257, 75–86. 
http://ceur-ws.org/Vol-2257/paper09.pdf (2018). Accessed 30 Nov 2018 

15.  Shapovalov, V.B., Shapovalov, Ye.B., Atamas, A.I., Bilyk, Zh.I.: Informatsiini 
ontolohichni instrumenty dlia zabezpechennia doslidnytskoho pidkhodu v STEM-
navchanni (Information ontological tools to provide a research approach in STEM-
education). In: Proceedings of the 10th International Scientific and Practical Conference on 
Gifted children – the intellectual potential of the state, Chornomorsk, 3–10 July 2017, pp. 
366–371 (2017) 

16.  Shapovalov, Ye., Shapovalov, V., Stryzhak, Ye., Salyuk, A.: Ontology-Based Systemizing 
of the Science Information Devoted to Waste Utilizing by Methanogenesis. International 
Journal of Computer, Electrical, Automation, Control and Information Engineering 12(11),
1009–1014 (2018). doi:10.5281/zenodo.2021939 

17.  Shapovalov, Ye.B., Bilyk, Zh.I., Atamas, A.I., Shapovalov, V.B., Uchitel, A.D.: The 
Potential of Using Google Expeditions and Google Lens Tools under STEM-education in 
Ukraine. In: Kiv, A.E., Soloviev, V.N. (eds.) Proceedings of the 1st International Workshop 
on Augmented Reality in Education (AREdu 2018), Kryvyi Rih, Ukraine, October 2, 2018. 
CEUR Workshop Proceedings 2257, 66–74. http://ceur-ws.org/Vol-2257/paper08.pdf
(2018). Accessed 30 Nov 2018 

18.  Shatalkin, A.I.: Taksonomiia. Osnovaniia, printcipy i pravila (Taxonomy. Grounds, 
principles and rules). Tovarishchestvo nauchnykh izdanii KMK, Moscow (2012) 

19.  Stankov, S., Žitko, B., Grubišiċ, A.: Ontology as a Foundation for Knowledge Evaluation 
in Intelligent E-learning Systems. In: Aroyo, L., Dicheva, D. (eds.) Proc. International 
workshop on applications of semantic web technologies for e-learning (SW-EL'05) in 
conjunction with 12th international conference on artificial intelligence in education (AI-
ED 2005): Applications of Semantic Web Technologies for E-Learning, Amsterdam, 2005,
pp. 81–84 

20.  Stryzhak, O.Ye., Shapovalov, V.B., Shapovalov, Ye.B.: Ontolohichna pidtrymka 
navchalnykh doslidzhen (Ontological support for educational research). In: Dovhyi, S.O.
(ed.) Informatsiini tekhnolohii upravlinnia ekolohichnoiu bezpekoiu, 
pryrodokorystuvanniam, zakhodamy v nadzvychainykh sytuatsiiakh: rozrobky ta 
dosiahennia do 100-richchia Natsionalnoi akademii nauk Ukrainy (25–24 veresnia 2018 r.), 
pp. 165–168. Yuston, Kyiv (2018) 

21.  Syrovatskyi, O.V., Semerikov, S.O., Modlo, Ye.O., Yechkalo, Yu.V., Zelinska, S.O.: 
Augmented reality software design for educational purposes. In: Kiv, A.E., Semerikov, 
S.O., Soloviev, V.N., Striuk, A.M. (eds.) Proceedings of the 1st Student Workshop on 
Computer Science & Software Engineering (CS&SE@SW 2018), Kryvyi Rih, Ukraine, 
November 30, 2018. CEUR Workshop Proceedings 2292, 193–225. http://ceur-ws.org/Vol-
2292/paper20.pdf (2018). Accessed 31 Dec 2018 

 


