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Abstract
This is an introductory text to a collection of selected papers from the 9th Illia O. Teplytskyi Workshop on
Computer Simulation in Education (CoSinE 2021), held in Kherson, Ukraine, on the October 1, 2021. The
volume presents the contributions to theworkshops affiliated with the ICTERI 2021: the 17th International
Conference on ICT in Education, Research, and Industrial Applications.

Keywords
ICTERI 2021, CoSinE 2021

1. CoSinE 2021 as is

CoSinE (Computer Simulation in Education) is
a peer-reviewed international workshop focusing
on theory and practice of computer simulation in
education. This workshop was founded by Illia O.
Teplytskyi (1941–2018), whose pioneering works
in the field of computer simulation in education
inspires us.

CoSinE topics of interest since 2019 [1, 2, 3] are:

• Computer simulation in STEM education
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Figure 1: Illia O. Teplytskyi.

• AI in education
• Educational data mining and learning analytics
• Learning environments models
• Learning virtualization
• Modelling systems in education
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This volume represents the proceedings of the 9th Illia O. Teplytskyi Workshop on Computer
Simulation in Education (CoSinE 2021), held in Kherson, Ukraine, on the October 1, 2021. It
comprises 9 contributed papers [4, 5, 6, 7, 8, 9, 10, 11, 12] that were carefully peer-reviewed and
selected from 50 submissions. Each submission was reviewed by at least 3, and on the average
3.1, program committee members. The accepted papers present the state-of-the-art overview of
successful cases and provides guidelines for future research.

2. CoSinE 2021 Program Committee

• Program Committee Co-Chairs:

– Vadim Ermolayev, Zaporizhzhia National University, Ukraine
– David Esteban, TECHFORCE, Spain
– Arnold Kiv, Ben-Gurion University of the Negev, Israel
– Serhiy Semerikov, Kryvyi Rih State Pedagogical University, Ukraine
– Vladimir Soloviev, Kryvyi Rih State Pedagogical University, Ukraine
– Andrii Striuk, Kryvyi Rih National University, Ukraine

• Program Committee members and additional reviewers:

– Leon Andretti Abdillah, Bina Darma University, Indonesia
– Spencer A. Benson, Education Innovations International, LLC and University of

Maryland, United States
– Liudmyla Bilousova, Independent Researcher, Ukraine
– Roman Danel, VŠTE České Budějovice, Czechia
– Helena Fidlerová, MTF STU Trnava, Slovakia
– Irina Georgescu, Academy of Economic Studies, Romania
– Liudmyla E. Gryzun, Simon Kuznets Kharkiv National University of Economics,

Ukraine
– Vita Hamaniuk, Kryvyi Rih State Pedagogical University, Ukraine
– Oleksii Ignatenko, Institute of Software Systems of the NAS of Ukraine, Ukraine
– Michail Kalogiannakis, University of Crete, Greece
– Oleksandr Kolgatin, Simon Kuznets Kharkiv National University of Economics,

Ukraine
– Elena Komarova, Immanuel Kant Baltic Federal University, Russia
– Hennadiy Kravtsov, Kherson State University, Ukraine
– Piotr Lipiński, Technical University of Lodz, Poland
– Alex Merzlykin, Kryvyi Rih Educational Complex No 129 “Gymnasium-Lyceum

of Academic Direction”, Ukraine
– Ranesh Kumar Naha, University of Tasmania, Australia
– Yuliya Nosenko, Institute of Information Technologies and Learning Tools of the

NAES of Ukraine, Ukraine
– Sumitra Nuanmeesri, Suan Sunandha Rajabhat University, Thailand
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– Laima Okuneviciute Neverauskiene, Vilnius Gediminas Technical University,
Lithuania

– Liubov Panchenko, National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute”, Ukraine

– Stamatios Papadakis, University of Crete, Greece
– Olga Pinchuk, Institute of Information Technologies and Learning Tools of the

NAES of Ukraine, Ukraine
– Oleg Pursky, Kyiv National University of Trade and Economics, Ukraine
– Nina Rizun, Gdańsk University of Technology, Poland
– Zarema Seidametova, Crimean Engineering and Pedagogical University, Ukraine
– Oleksandra Sokolyuk, Institute of Information Technologies and Learning Tools

of the NAES of Ukraine, Ukraine
– Kateryna Vlasenko, Donbas State Engineering Academy, Ukraine
– Longkai Wu, National Institute of Education, Singapore
– Yuliia Yechkalo, Kryvyi Rih National University, Ukraine

3. CoSinE 2021 workshop overview

3.1. Session I: Modelling systems in education. Educational data mining and
learning analytics

The objectives of work “Computational modelling of stochastic processes for learning research”
[10] by Oleksandr H. Kolgatin (figure 2), Larisa S. Kolgatina and Nadiia S. Ponomareva were to use
computer-based statistical modelling for comparison and systematisation of various approaches
to non-parametric null hypothesis significance testing. Statistical model for simulation of
null hypothesis significance testing has been built for educational purpose. Fisher’s angular
transformation, Chi-square, Mann-Whitney and Fisher’s exact tests were analysed. Appropriate
software has been developed and gave authors possibility to suggest new illustrative materials for
describing the limitations of analysed tests. Learning researches as the method of understanding
inductive statistics have been suggested taking into account that modern personal computers
provide acceptable time of the simulations with high precision. The obtained results showed
low power of the most popular non-parametric tests for small samples. Students can’t analyse
the test power at traditional null hypothesis significance testing, because the real differences
between samples are unknown. Therefore, it is necessary to change the accents in Ukrainian
statistical education, including PhD studies, from using null hypothesis significance testing to
statistical modelling as a modern and effective method of proving the scientific hypothesises.
This conclusions correlate with observed scientific publications and the recommendation of the
American Statistical Association.

This article highlights further research by the authors, begun in [13, 14, 15, 16, 17, 18, 19, 20,
21].

The problems of synchronized curriculum shaping are discussed in the paper “A Petri net-
based simulation of synchronized curriculum for IT-specialists’ training” [7] by Lyudmyla I.
Bilousova and Liudmyla E. Gryzun (figure 3) in the context of the challenges of contemporary
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Figure 2: Presentation of paper [10].

IT specialists’ training in terms of permanent evolution and rapid expansion of computing.
The authors’ technique of the curriculum simulation based on Petri net applying is presented.
The theoretical framework which allowed us to elaborate the technique includes some didac-
tical fundamentals of curriculum design and academic disciplines structuring as well as the
theoretical basics of Petri nets in terms of their significant facilities for different processes
synchronization. The technique of academic disciplines structuring based on frame model of
knowledge representation is covered as a chain of stages which results in the net of disciplines
modules (frames) including the proper learning elements along with preserving and spreading
links between them. In order to solve the problem of synchronization of the learning elements
mastering throughout the academic disciplines with regard of the established links in the frames,
it is offered the practically-driven approach to curriculum modeling based on Petri nets simu-
lation. The different types of the precedence relations for the learning elements (inputs and
outputs of the frames) were distinguished. Using these precedence relations, we managed to
simulate through Petri nets a learning element itself and the process of its mastering. Using the
operations of Petri nets modifications and learning elements’ connections of different types, we
could obtain a model of a curriculum discipline module and finally – a curriculum discipline
model. Built Petri nets models represent all the evolution of the learning elements mastering by
students in the curriculum courses. Synchronization of their mastering is guaranteed by the
rules of Petri net execution and modifications. The peculiarities of the offered technique are
analyzed. The benefits in terms of applying such a simulation to the building of synchronized
curriculum for IT-specialists training are formulated. The prospects of the research are outlined
in the lines of using the obtained results for special software development.

This article highlights further research by the authors, begun in [22, 23, 24, 25, 26, 27, 28].
In this paper “The algorithm for knowledge assessment based on the Rusch model” [5] by
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Figure 3: Presentation of paper [7].

Alexander A. Kostikov (figure 4), Kateryna V. Vlasenko, Iryna V. Lovianova, Sergii V. Volkov
and Evgeny O. Avramov the algorithm for adaptive testing of students’ knowledge in distance
learning and an assessment of its effectiveness in the educational process has been proposed.
The paper provides an overview of the results of the application of modern test theory, a
description and block diagram of the proposed algorithm and the results of its application in the
real educational process. The effectiveness of using this algorithm for the objective assessment
of students’ knowledge has been experimentally shown.

This article highlights further research by the authors, begun in [29, 30, 31, 32, 33, 34, 35, 36,
37, 38, 39, 40, 41, 42, 43, 44, 45, 46].

Figure 4: Presentation of paper [5].

Nowadays, there is a wide variety of scientific articles. Due to this fact, it is hard to read and
be familiar with all of them. Also, it is hard for a young scientist to understand the complicated
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terms and methods that are used in a specific research domain. This problem was partially solved
by bibliographic management software and other specific software. The article “Ontology-based
learning environment model of scientific studies” [8] by Roman A. Tarasenko, Stanislav A.
Usenko, Yevhenii B. Shapovalov (figure 5), Viktor B. Shapovalov, Adrian Paschke and Iryna M.
Savchenko is devoted to the development of an approach for structuration and processing sets
of studies using the IT Platform Polyhedron using an ontology-based hierarchical model. In
its structure, the ontological graph is complex because it has additional branches from child
nodes. The basis of our solution was IMRAD which has been represented in the view of nodes.
Those nodes have been connected with specific representations of IMRAD elements. Specific
articles have been represented in the view of leaf nodes. That could help to use the taxonomies
for the structuration of the articles. Each data block is in the form of separate attributes of
the ontological node. The proposed solution allows to obtain structured sets of studies and to
separate their characteristics. Thus, the proposed ontology provides the possibility to view all
methods, measured parameters, etc. of the studies in a graph node structure and use them to
find the studies where they were used.

This article highlights further research by the authors, begun in [47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58].

Figure 5: Presentation of paper [8].

3.2. Session II: Learning virtualization. AI in education

Any person, not even a financier, should be knowledgeable in the field of personal finance
management. As a result of the survey, it was concluded that schoolchildren and students
should be interested in the study of personal finance, even within other disciplines in the form
of separate sections. Successful personal experience and knowledge of the teacher in the field of
personal finance is an important component of the effectiveness of the formation of competence
of pupils, students, and adults in the field of personal finance. Business simulators come in
handy here. That is why Dmytro S. Antoniuk (figure 6), Tetiana A. Vakaliuk, Vladyskav V.
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Didkivskyi, Oleksandr Yu. Vizghalov, Oksana V. Oliinyk and Valentyn M. Yanchuk, the authors
of article “Using a business simulator with elements of machine learning to develop personal
finance management skills” [4] developed a business simulator for the development of personal
finance management skills, which was developed in the form of a web service. The main features
of this simulator, which are presented in different sections of the simulator, are considered. It is
shown what skills of personal finance management are developed using this business simulator.
Since this simulator was designed to develop personal finance management skills, an attempt
was made to apply machine-learning elements to make this business simulator work even better.
The proposed simulator can be used in the future to teach the elements of personal finance
management to people who are not sufficiently knowledgeable in the field of such finance.
Moreover, the web application can be useful even for school-age children, so the simulator can
complement the educational process within the economic courses not only in higher education
institutions but also in secondary education institutions of Ukraine.

This article highlights further research by the authors, begun in [59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98].

Figure 6: Presentation of paper [4].

The article “Modeling of the internal certification system of educational resources view or
update” [6] by Oksana P. Buinytska and Svitlana V. Vasylenko (figure 7) analyzes the research,
which was carried out for several years to model the system of internal certification of edu-
cational resources for blended and e-learning in Higher education. The authors describe the
prerequisites for the internal certification system modeling and the features of recent changes in
the process of internal certification of educational resources, approved by the university regula-
tions, which is related to the requirements of the situation with COVID-19. The article describes
the current model of the system of internal certification of educational resources, which is based
on the approbation of the pilot model of e-learning courses (hereinafter – ELC) certification. The
key components of the internal certification system are three mandatory expertise (professional,
resource and technical). Based on the results of which, the methodological commission decides
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on the quality of educational resources of the ENC and its certification. Expectations from
the current system of internal certification of ELC implementation were justified to a high
degree, in particular, we have the following advantages of their use: the creation of quality
educational resources, expanding access to various categories of participants in the educational
process to educational content; ensuring the individualization of the educational process under
the needs, characteristics and capabilities of learners; improving the quality and efficiency of
the educational process through the use of digital and innovative educational technologies;
ensuring systematic monitoring of the quality of education, implementation of blended and
e-learning in higher education.

Figure 7: Presentation of paper [6].

Behavioral game theory typically investigate difference between game-theoretic solution
and real behavior, one can observe from experiments. The research question, formulated by
Oleksii P. Ignatenko (figure 8) in the article “Strategic learning towards equilibrium. Exploratory
analysis and models” [12], is how players learn in complex strategic situations which they
never faced before. We examine data from different games, played during lectures about game
theory and present findings about players progress in strategic learning while competing with
other players. We proposed four “pick a number” games, all with similar-looking rules but very
different properties. These games were introduced (in the body of scientific popular lectures) to
very different groups of listeners. We model and analyse data from the experiments to explain
different models of thinking, agent can apply in the games. All data gathered are available in
open repository for replication and analysis. Finally, we discuss the findings propose hypothesis
to investigate and formulate open questions for future research.

This article highlights further research by the author, begun in [99, 100].
Nowadays computer modeling and simulation widely use in computer science education.

There are several ways of increasing the efficiency of educational process. One of the such ways
is visualization, other way is flipped classroom concept. The aim of the article “Some ways of
increasing the efficiency of teaching data structures” [11] by Zarema S. Seidametova (figure 9)
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Figure 8: Presentation of paper [12].

is to present some ways of increasing the efficiency of teaching data structures (hashing, trees)
during Algorithms and data structures course. Author conducted two experiments with four
study groups of two subjects of the Algorithms and Data Structures – (1) Hashing, (2) Trees (BST,
RBT, AVL), – taught second year bachelor students. In the first experiment study groups were
prepared on the subjects (1) and (2) by the same level of teaching technique with or without
visualization tools. Unlike the first experiment, in the second experiment we used flipped
classroom concept for one study group and a standard way of teaching for another group.

This article highlights further research by the author, begun in [101, 102, 103, 104, 105].
Currently, augmented reality is one of the most actively developing technologies, which has

also found its application in the field of education. Analysis of various publications has confirmed
that AR technology opens up new opportunities for teachers and increases the attractiveness of
learning for students of different ages. mobile AR apps allow the student to see a real-world
environment with overlaid or composite virtual objects. This is especially true for young children.
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Figure 9: Presentation of paper [11].

The article “Using augmented reality for early literacy” [9] by Olena Ie. Piatykop (figure 10),
and Olha I. Pronina, Iryna B. Tymofieieva and Ihor D. Palii identifies the activities that provide
a child’s personal experience using AR technology. Comparison of existing AR applications for
learning the alphabet is given. A new AR application is described, which was developed using
Unity, C#, Vuforia. The developed mobile AR application provides an opportunity to study the
Ukrainian alphabet, the names of numbers, the sounds of animals. Thanks to this application,
the learning process is accompanied by three-dimensional visualization and sounding of each
letter and number. An analysis of a survey of teachers and parents showed that when using
an AR application, the interest and self-efficacy of children in learning letters and numbers
significantly increased. The use of the AR application increased the speed of memorizing the
material and helped to retain the child’s attention while learning a new material.

This article highlights further research by the authors, begun in [106].

4. CoSinE 2021: Conclusion

CoSinE 2021 workshop at ICTERI 2021 would not have been possible without the support of
many people. We would like to thank all the authors who submitted papers to our workshop
and thus demonstrated their interest in the research problems within our scope (figure 11). We
are also very grateful to the members of our Program Committees for providing timely and
thorough reviews and being cooperative in doing additional review work. We would like to
thank the local organizers of the conference, the steering committee, and the technical support
team for their valuable service and help. Special thanks go to the sponsors of ICTERI 2021
whose financial and technical contributions enabled the materialization of this instance of the
conference and its sub-events. All these people, their devotion, energy, and efficiency, made our
workshop a very interesting and effective scientific forum.
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Figure 10: Presentation of paper [9].

Figure 11: Blended workshop in pandemic times.

References

[1] V. Ermolayev, F. Mallet, V. Yakovyna, V. Kharchenko, V. Kobets, A. Kornilowicz,
H. Kravtsov, M. Nikitchenko, S. Semerikov, A. Spivakovsky, Preface, CEUR Workshop
Proceedings 2393 (2019). URL: http://ceur-ws.org/Vol-2393/preface.pdf.

[2] O. Sokolov, G. Zholtkevych, V. Yakovyna, Y. Tarasich, V. Kharchenko, V. Kobets, O. Burov,

xii

http://ceur-ws.org/Vol-2393/preface.pdf


S. Semerikov, H. Kravtsov, Preface, CEUR Workshop Proceedings 2732 (2020). URL:
http://ceur-ws.org/Vol-2732/preface.pdf.

[3] V. A. Ermolayev, A. E. Kiv, S. O. Semerikov, V. N. Soloviev, A. M. Striuk, 9th illia o.
teplytskyi workshop on computer simulation in education, CEUR Workshop Proceedings
(2022).

[4] D. S. Antoniuk, T. A. Vakaliuk, V. V. Didkivskyi, O. Y. Vizghalov, O. V. Oliinyk, V. M.
Yanchuk, Using a business simulator with elements of machine learning to develop
personal finance management skills, CEUR Workshop Proceedings (2022).

[5] A. A. Kostikov, K. V. Vlasenko, I. V. Lovianova, S. V. Volkov, E. O. Avramov, The algorithm
for knowledge assessment based on the Rusch model, CEUR Workshop Proceedings
(2022).

[6] O. P. Buinytska, S. V. Vasylenko, Modeling of the internal certification system of educa-
tional resources view or update, CEUR Workshop Proceedings (2022).

[7] L. I. Bilousova, L. E. Gryzun, A Petri net-based simulation of synchronized curriculum
for IT-specialists’ training, CEUR Workshop Proceedings (2022).

[8] R. A. Tarasenko, S. A. Usenko, Y. B. Shapovalov, V. B. Shapovalov, A. Paschke, I. M.
Savchenko, Ontology-based learning environment model of scientific studies, CEUR
Workshop Proceedings (2022).

[9] O. I. Piatykop, O. I. Pronina, I. B. Tymofieieva, I. D. Palii, Using augmented reality for
early literacy, CEUR Workshop Proceedings (2022).

[10] O. H. Kolgatin, L. S. Kolgatina, N. S. Ponomareva, Computational modelling of stochastic
processes for learning research, CEUR Workshop Proceedings (2022).

[11] Z. S. Seidametova, Some ways of increasing the efficiency of teaching data structures,
CEUR Workshop Proceedings (2022).

[12] O. P. Ignatenko, Strategic learning towards equilibrium. Exploratory analysis and models,
CEUR Workshop Proceedings (2022).

[13] L. I. Bilousova, O. H. Kolgatin, L. S. Kolgatina, O. H. Kuzminska, Introspection as a
condition of students’ self-management in programming training, in: S. Semerikov, V. Os-
adchyi, O. Kuzminska (Eds.), Proceedings of the Symposium on Advances in Educational
Technology, AET 2020, University of Educational Management, SciTePress, Kyiv, 2022.

[14] O. H. Kolgatin, L. S. Kolgatina, N. S. Ponomareva, E. O. Shmeltser, A. D. Uchitel, Sys-
tematicity of students’ independent work in cloud learning environment of the course
“Educational Electronic Resources for Primary School” for the future teachers of primary
schools, in: S. Semerikov, V. Osadchyi, O. Kuzminska (Eds.), Proceedings of the Sym-
posium on Advances in Educational Technology, AET 2020, University of Educational
Management, SciTePress, Kyiv, 2022.

[15] S. H. Lytvynova, S. O. Semerikov, A. M. Striuk, M. I. Striuk, L. S. Kolgatina, V. Y. Velychko,
I. S. Mintii, O. O. Kalinichenko, AREdu 2021 – Immersive technology today, CEUR
Workshop Proceedings 2898 (2021) 1–40. URL: http://ceur-ws.org/Vol-2898/paper00.pdf.

[16] S. O. Semerikov, M. P. Shyshkina, A. M. Striuk, M. I. Striuk, I. S. Mintii, O. O. Kalinichenko,
L. S. Kolgatina, M. Y. Karpova, 8th Workshop on Cloud Technologies in Education: Report,
CEUR Workshop Proceedings 2879 (2020) 1–69.

[17] O. Y. Burov, A. E. Kiv, S. O. Semerikov, A. M. Striuk, M. I. Striuk, L. S. Kolgatina, I. V. Oliinyk,
AREdu 2020 - How augmented reality helps during the coronavirus pandemic, CEUR

xiii

http://ceur-ws.org/Vol-2732/preface.pdf
http://ceur-ws.org/Vol-2898/paper00.pdf


Workshop Proceedings 2731 (2020) 1–46. URL: http://ceur-ws.org/Vol-2731/paper00.pdf.
[18] S. O. Semerikov, I. O. Teplytskyi, V. N. Soloviev, V. A. Hamaniuk, N. S. Ponomareva, O. H.

Kolgatin, L. S. Kolgatina, T. V. Byelyavtseva, S. M. Amelina, R. O. Tarasenko, Methodic
quest: Reinventing the system, Journal of Physics: Conference Series 1840 (2021) 012036.
doi:10.1088/1742-6596/1840/1/012036.

[19] L. Bilousova, O. Kolgatin, L. Kolgatina, Computer simulation as a method of learning
research in computational mathematics, CEUR Workshop Proceedings 2393 (2019) 880–
894.

[20] O. H. Kolgatin, L. S. Kolgatina, N. S. Ponomareva, E. O. Shmeltser, Systematicity of
students’ independent work in cloud learning environment, CEUR Workshop Proceedings
2433 (2019) 184–196.

[21] N. S. Ponomareva, Role and place of informatics in the training of future teachers of
mathematics, Journal of Physics: Conference Series 1840 (2021) 012035. doi:10.1088/
1742-6596/1840/1/012035.

[22] L. Bilousova, I, L. E. Gryzun, N. V. Zhytienova, Fundamentals of UI/UX design as a
component of the pre-service specialist’s curriculum, SHS Web of Conferences 104 (2021)
02015. doi:10.1051/shsconf/202110402015.

[23] L. I. Bilousova, L. E. Gryzun, S. H. Lytvynova, V. V. Pikalova, Modelling in GeoGebra in the
context of holistic approach realization in mathematical training of pre-service specialists,
in: S. Semerikov, V. Osadchyi, O. Kuzminska (Eds.), Proceedings of the Symposium on
Advances in Educational Technology, AET 2020, University of Educational Management,
SciTePress, Kyiv, 2022.

[24] L. I. Bilousova, L. E. Gryzun, N. P. Volkova, Features of design of digital aids for training
students with autistic disorders, CEUR Workshop Proceedings 2879 (2020) 221–232.

[25] N. V. Olefirenko, I. I. Kostikova, N. O. Ponomarova, L. I. Bilousova, A. V. Pikilnyak, E-
learning resources for successful math teaching to pupils of primary school, CEUR
Workshop Proceedings 2433 (2019) 443–458.

[26] L. I. Bilousova, L. E. Gryzun, D. H. Sherstiuk, E. O. Shmeltser, Cloud-based complex of
computer transdisciplinary models in the context of holistic educational approach, CEUR
Workshop Proceedings 2433 (2019) 336–351.

[27] L. I. Bilousova, L. E. Gryzun, J. O. Rakusa, E. O. Shmeltser, Informatics teacher’s training
for design of innovative learning aids, CEUR Workshop Proceedings 2643 (2020) 563–577.

[28] L. Bilousova, L. Gryzun, I. Sivochka, Petri nets android application as a mobile aid for
students’ mastering modelling, Journal of Physics: Conference Series 1840 (2021) 012033.
doi:10.1088/1742-6596/1840/1/012033.

[29] K. V. Vlasenko, S. V. Volkov, I. V. Lovianova, I. V. Sitak, O. O. Chumak, S. O. Semerikov,
N. H. Bohdanova, The criteria of usability design for educational online courses, in:
S. Semerikov, V. Osadchyi, O. Kuzminska (Eds.), Proceedings of the Symposium on
Advances in Educational Technology, AET 2020, University of Educational Management,
SciTePress, Kyiv, 2022.

[30] K. V. Vlasenko, I. V. Sitak, D. A. Kovalenko, S. V. Volkov, I. V. Lovianova, S. O. Semerikov,
S. L. Zahrebelnyi, Methodical recommendations for the development of online course
structure and content, in: S. Semerikov, V. Osadchyi, O. Kuzminska (Eds.), Proceedings
of the Symposium on Advances in Educational Technology, AET 2020, University of

xiv

http://ceur-ws.org/Vol-2731/paper00.pdf
http://dx.doi.org/10.1088/1742-6596/1840/1/012036
http://dx.doi.org/10.1088/1742-6596/1840/1/012035
http://dx.doi.org/10.1088/1742-6596/1840/1/012035
http://dx.doi.org/10.1051/shsconf/202110402015
http://dx.doi.org/10.1088/1742-6596/1840/1/012033


Educational Management, SciTePress, Kyiv, 2022.
[31] K. V. Vlasenko, O. H. Rovenska, I. V. Lovianova, O. M. Kondratyeva, V. V. Achkan, Y. M.

Tkachenko, M. P. Shyshkina, The implementation of inquiry-based learning in the
organization of students’ research activities on Mathematics, in: S. Semerikov, V. Osad-
chyi, O. Kuzminska (Eds.), Proceedings of the Symposium on Advances in Educational
Technology, AET 2020, University of Educational Management, SciTePress, Kyiv, 2022.

[32] V. V. Achkan, K. V. Vlasenko, I. V. Lovianova, O. H. Rovenska, I. V. Sitak, O. O. Chumak,
S. O. Semerikov, Web-based support of a higher school teacher, in: S. Semerikov, V. Osad-
chyi, O. Kuzminska (Eds.), Proceedings of the Symposium on Advances in Educational
Technology, AET 2020, University of Educational Management, SciTePress, Kyiv, 2022.

[33] K. V. Vlasenko, S. V. Volkov, I. V. Lovianova, O. O. Chumak, I. V. Sitak, D. Y. Bobyliev,
Management of online platform development and support process, CEUR Workshop
Proceedings 2879 (2020) 333–345.

[34] K. V. Vlasenko, O. G. Rovenska, O. O. Chumak, I. V. Lovianova, V. V. Achkan, A Com-
prehensive Program of activities to develop sustainable core skills in novice scientists,
Journal of Physics: Conference Series 1946 (2021) 012017. doi:10.1088/1742-6596/
1946/1/012017.

[35] K. V. Vlasenko, I. V. Lovianova, O. G. Rovenska, T. S. Armash, V. V. Achkan, Development of
the online course for training master students majoring in mathematics, Journal of Physics:
Conference Series 1946 (2021) 012001. doi:10.1088/1742-6596/1946/1/012001.

[36] K. V. Vlasenko, I. V. Lovianova, T. S. Armash, I. V. Sitak, D. A. Kovalenko, A competency-
based approach to the systematization of mathematical problems in a specialized school,
Journal of Physics: Conference Series 1946 (2021) 012003. doi:10.1088/1742-6596/
1946/1/012003.

[37] K. V. Vlasenko, S. V. Volkov, D. A. Kovalenko, I. V. Sitak, O. O. Chumak, A. A. Kostikov,
Web-based online course training higher school mathematics teachers, CEUR Workshop
Proceedings 2643 (2020) 648–661.

[38] L. F. Panchenko, T. A. Vakaliuk, K. V. Vlasenko, Augmented reality books: Concepts,
typology, tools, CEUR Workshop Proceedings 2731 (2020) 283–296.

[39] K. Vlasenko, O. Kondratyeva, I. Khyzhniak, O. Chumak, S. Volkov, Developing training
materials for the on-line course “Project method in teaching higher mathematics”, CEUR
Workshop Proceedings 2732 (2020) 756–769.

[40] K. Vlasenko, D. Kovalenko, O. Chumak, I. Lovianova, S. Volkov, Minimalism in design-
ing user interface of the online platform “Higher school mathematics teacher”, CEUR
Workshop Proceedings 2732 (2020) 1028–1043.

[41] K. Vlasenko, S. Volkov, I. Sitak, I. Lovianova, D. Bobyliev, Usability analysis of on-line
educational courses on the platform “Higher school mathematics teacher”, E3S Web of
Conferences 166 (2020) 10012. doi:10.1051/e3sconf/202016610012.

[42] K. Vlasenko, O. Chumak, I. Lovianova, D. Kovalenko, N. Volkova, Methodical require-
ments for training materials of on-line courses on the platform “Higher school math-
ematics teacher”, E3S Web of Conferences 166 (2020) 10011. doi:10.1051/e3sconf/
202016610011.

[43] K. V. Vlasenko, I. V. Lovianova, O. O. Chumak, I. V. Sitak, V. V. Achkan, The arrangement
of on-line training of master students, majoring in Mathematics for internship in technical

xv

http://dx.doi.org/10.1088/1742-6596/1946/1/012017
http://dx.doi.org/10.1088/1742-6596/1946/1/012017
http://dx.doi.org/10.1088/1742-6596/1946/1/012001
http://dx.doi.org/10.1088/1742-6596/1946/1/012003
http://dx.doi.org/10.1088/1742-6596/1946/1/012003
http://dx.doi.org/10.1051/e3sconf/202016610012
http://dx.doi.org/10.1051/e3sconf/202016610011
http://dx.doi.org/10.1051/e3sconf/202016610011


universities, Journal of Physics: Conference Series 1840 (2021) 012007. doi:10.1088/
1742-6596/1840/1/012007.

[44] K. V. Vlasenko, O. O. Chumak, I. V. Sitak, V. V. Achkan, O. M. Kondratyeva, Methods
for developing motivational and value-orientated readiness of math students at teacher
training universities for implementing educational innovations, Journal of Physics:
Conference Series 1840 (2021) 012008. doi:10.1088/1742-6596/1840/1/012008.

[45] I. V. Lovianova, D. Y. Bobyliev, A. D. Uchitel, Cloud calculations within the optional
course Optimization Problems for 10th-11th graders, CEUR Workshop Proceedings 2433
(2019) 459–471.

[46] S. V. Shokaliuk, Y. Y. Bohunenko, I. V. Lovianova, M. P. Shyshkina, Technologies of
distance learning for programming basics on the principles of integrated development of
key competences, CEUR Workshop Proceedings 2643 (2020) 548–562.

[47] Y. Shapovalov, V. Shapovalov, A taxonomic representation of scientific studies, CEUR
Workshop Proceedings 3013 (2021) 353–360.

[48] Z. I. Bilyk, Y. B. Shapovalov, V. B. Shapovalov, A. P. Megalinska, S. O. Zhadan, F. An-
druszkiewicz, A. Dołhańczuk-Śródka, P. D. Antonenko, Comparing Google Lens recogni-
tion accuracy with other plant recognition apps, in: S. Semerikov, V. Osadchyi, O. Kuzmin-
ska (Eds.), Proceedings of the Symposium on Advances in Educational Technology, AET
2020, University of Educational Management, SciTePress, Kyiv, 2022.

[49] Y. B. Shapovalov, Z. I. Bilyk, S. A. Usenko, V. B. Shapovalov, K. H. Postova, S. O. Zhadan,
P. D. Antonenko, Using of personal smart tools in STEM education, in: S. Semerikov,
V. Osadchyi, O. Kuzminska (Eds.), Proceedings of the Symposium on Advances in Educa-
tional Technology, AET 2020, University of Educational Management, SciTePress, Kyiv,
2022.

[50] R. A. Tarasenko, V. B. Shapovalov, S. A. Usenko, Y. B. Shapovalov, I. M. Savchenko, Y. Y.
Pashchenko, A. Paschke, Comparison of ontology with non-ontology tools for educational
research, CEUR Workshop Proceedings 2879 (2020) 82–104.

[51] Y. B. Shapovalov, V. B. Shapovalov, R. A. Tarasenko, S. A. Usenko, A. Paschke, A semantic
structuring of educational research using ontologies, CEUR Workshop Proceedings 2879
(2020) 105–123.

[52] Y. B. Shapovalov, Z. I. Bilyk, A. I. Atamas, V. B. Shapovalov, A. D. Uchitel, The potential
of using Google Expeditions and Google Lens tools under STEM-education in Ukraine,
CEUR Workshop Proceedings 2257 (2018) 66–74.

[53] V. B. Shapovalov, A. I. Atamas, Z. I. Bilyk, Y. B. Shapovalov, A. D. Uchitel, Structuring
augmented reality information on the stemua.science, CEUR Workshop Proceedings 2257
(2018) 75–86.

[54] V. B. Shapovalov, Y. B. Shapovalov, Z. I. Bilyk, A. I. Atamas, R. A. Tarasenko, V. V.
Tron, Centralized information web-oriented educational environment of Ukraine, CEUR
Workshop Proceedings 2433 (2019) 246–255.

[55] Y. B. Shapovalov, V. B. Shapovalov, V. I. Zaselskiy, TODOS as digital science-support
environment to provide STEM-education, CEUR Workshop Proceedings 2433 (2019)
232–245.

[56] V. B. Shapovalov, Y. B. Shapovalov, Z. I. Bilyk, A. P. Megalinska, I. O. Muzyka, The Google
Lens analyzing quality: An analysis of the possibility to use in the educational process,

xvi

http://dx.doi.org/10.1088/1742-6596/1840/1/012007
http://dx.doi.org/10.1088/1742-6596/1840/1/012007
http://dx.doi.org/10.1088/1742-6596/1840/1/012008


CEUR Workshop Proceedings 2547 (2020) 117–129.
[57] Y. B. Shapovalov, V. B. Shapovalov, F. Andruszkiewicz, N. P. Volkova, Analyzing of main

trends of STEM education in Ukraine using stemua.science statistics, CEUR Workshop
Proceedings 2643 (2020) 448–461.

[58] Z. I. Bilyk, Y. B. Shapovalov, V. B. Shapovalov, A. P. Megalinska, F. Andruszkiewicz,
A. Dołhańczuk-Śródka, Assessment of mobile phone applications feasibility on plant
recognition: Comparison with Google Lens AR-app, CEUR Workshop Proceedings 2731
(2020) 61–78.

[59] V. M. Yanchuk, D. S. Antoniuk, A. G. Tkachuk, E. Maestri, O. Vizghalov, Integration
of delivery services business cases for improvement of business and environmental
sustainability of e-commerce solutions, CEUR Workshop Proceedings 2732 (2020) 363–
376.

[60] A. Humeniuk, O. Bezvesilna, M. Bogdanovskyi, V. Yanchuk, Information and measurement
system for determining the acceleration of gravity based on a ballistic gravimeter with a
two-dimensional video system, E3S Web of Conferences 166 (2020) 05006. doi:10.1051/
e3sconf/202016605006.

[61] D. S. Antoniuk, T. A. Vakaliuk, V. V. Didkivskyi, O. Y. Vizghalov, Development of a
simulator to determine personal financial strategies using machine learning, CEUR
Workshop Proceedings 3077 (2022) 12–26. URL: http://ceur-ws.org/Vol-3077/paper02.pdf.

[62] N. I. Cheboksarova, T. A. Vakaliuk, I. M. Iefremov, Development of CRM system with a
mobile application for a school, CEUR Workshop Proceedings 3077 (2022) 44–65. URL:
http://ceur-ws.org/Vol-3077/paper09.pdf.

[63] T. Vakaliuk, I. Novitska, I. Verbovsky, T. Rozhnova, V. Kontsedailo, Management of
educational institutions with inclusive education based on innovative technologies, SHS
Web of Conferences 104 (2021) 03008. doi:10.1051/shsconf/202110403008.

[64] T. A. Vakaliuk, O. D. Gavryliuk, V. V. Kontsedailo, V. P. Oleksiuk, O. O. Kalinichenko,
Selection cloud-oriented learning technologies for the formation of professional com-
petencies of bachelors majoring in statistics and general methodology of their use, in:
S. Semerikov, V. Osadchyi, O. Kuzminska (Eds.), Proceedings of the Symposium on Ad-
vances in Educational Technology, AET 2020, University of Educational Management,
SciTePress, Kyiv, 2022.

[65] V. P. Oleksiuk, O. R. Oleksiuk, T. A. Vakaliuk, An experiment on the implementation
the methodology of teaching cloud technologies to future Computer Science teachers,
in: S. Semerikov, V. Osadchyi, O. Kuzminska (Eds.), Proceedings of the Symposium on
Advances in Educational Technology, AET 2020, University of Educational Management,
SciTePress, Kyiv, 2022.

[66] T. A. Vakaliuk, V. V. Kontsedailo, D. S. Antoniuk, O. V. Korotun, S. O. Semerikov, I. S.
Mintii, O. O. Kalinichenko, Possibilities of using the game simulator Software Inc in
the training of future software engineers, in: S. Semerikov, V. Osadchyi, O. Kuzminska
(Eds.), Proceedings of the Symposium on Advances in Educational Technology, AET 2020,
University of Educational Management, SciTePress, Kyiv, 2022.

[67] T. A. Vakaliuk, D. S. Antoniuk, O. O. Kalinichenko, The state of ICT implementation in
Ukrainian general secondary education institutions in 2019 and 2020, in: S. Semerikov,
V. Osadchyi, O. Kuzminska (Eds.), Proceedings of the Symposium on Advances in Educa-

xvii

http://dx.doi.org/10.1051/e3sconf/202016605006
http://dx.doi.org/10.1051/e3sconf/202016605006
http://ceur-ws.org/Vol-3077/paper02.pdf
http://ceur-ws.org/Vol-3077/paper09.pdf
http://dx.doi.org/10.1051/shsconf/202110403008


tional Technology, AET 2020, University of Educational Management, SciTePress, Kyiv,
2022.

[68] T. A. Vakaliuk, O. A. Chernysh, V. O. Babenko, The algorithm of electronic multilingual
terminological dictionary compilation, in: S. Semerikov, V. Osadchyi, O. Kuzminska
(Eds.), Proceedings of the Symposium on Advances in Educational Technology, AET 2020,
University of Educational Management, SciTePress, Kyiv, 2022.

[69] T. A. Vakaliuk, S. I. Pochtoviuk, Analysis of tools for the development of augmented
reality technologies, CEUR Workshop Proceedings 2898 (2021) 119–130. URL: http:
//ceur-ws.org/Vol-2898/paper06.pdf.

[70] O. V. Zaika, T. A. Vakaliuk, A. V. Riabko, R. P. Kukharchuk, I. S. Mintii, S. O. Semerikov,
Selection of online tools for creating math tests, CEUR Workshop Proceedings 2898 (2021)
82–106. URL: http://ceur-ws.org/Vol-2898/paper04.pdf.

[71] I. S. Mintii, T. A. Vakaliuk, S. M. Ivanova, O. A. Chernysh, S. M. Hryshchenko, S. O. Se-
merikov, Current state and prospects of distance learning development in Ukraine, CEUR
Workshop Proceedings 2898 (2021) 41–55. URL: http://ceur-ws.org/Vol-2898/paper01.pdf.

[72] T. A. Vakaliuk, O. V. Korotun, S. O. Semerikov, The selection of cloud services for ER-
diagrams construction in IT specialists databases teaching, CEUR Workshop Proceedings
2879 (2020) 384–397.

[73] A. E. Kiv, V. N. Soloviev, S. O. Semerikov, A. M. Striuk, V. V. Osadchyi, T. A. Vakaliuk,
P. P. Nechypurenko, O. V. Bondarenko, I. S. Mintii, S. L. Malchenko, XIII International
Conference on Mathematics, Science and Technology Education, Journal of Physics:
Conference Series 1946 (2021) 011001. URL: https://doi.org/10.1088/1742-6596/1946/1/
011001. doi:10.1088/1742-6596/1946/1/011001.

[74] D. S. Antoniuk, T. A. Vakaliuk, V. V. Ievdokymov, A. V. Morozov, V. V. Kontsedailo, Inte-
grating business simulations software into learning environment of technical university,
Journal of Physics: Conference Series 1946 (2021) 012018. doi:10.1088/1742-6596/
1946/1/012018.

[75] L. A. Martseva, L. H. Movchan, T. A. Vakaliuk, D. S. Antoniuk, Applying CDIO-approach
at technical universities, Journal of Physics: Conference Series 1946 (2021) 012013.
doi:10.1088/1742-6596/1946/1/012013.

[76] I. P. Varava, A. P. Bohinska, T. A. Vakaliuk, I. S. Mintii, Soft skills in software engineering
technicians education, Journal of Physics: Conference Series 1946 (2021) 012012. doi:10.
1088/1742-6596/1946/1/012012.

[77] T. Vakaliuk, V. Kontsedailo, D. Antoniuk, O. Korotun, S. Semerikov, I. Mintii, Using Game
Dev Tycoon to develop professional soft competencies for future engineers-programmers,
CEUR Workshop Proceedings 2732 (2020) 808–822. URL: http://ceur-ws.org/Vol-2732/
20200808.pdf.

[78] S. Semerikov, S. Chukharev, S. Sakhno, A. Striuk, V. Osadchyi, V. Solovieva,
T. Vakaliuk, P. Nechypurenko, O. Bondarenko, H. Danylchuk, Our sus-
tainable coronavirus future, E3S Web of Conferences 166 (2020) 00001.
URL: https://www.e3s-conferences.org/articles/e3sconf/abs/2020/26/e3sconf_icsf2020_
00001/e3sconf_icsf2020_00001.html. doi:10.1051/e3sconf/202016600001.

[79] D. S. Shepiliev, S. O. Semerikov, Y. V. Yechkalo, V. V. Tkachuk, O. M. Markova, Y. O.
Modlo, I. S. Mintii, M. M. Mintii, T. V. Selivanova, N. K. Maksyshko, T. A. Vakaliuk,

xviii

http://ceur-ws.org/Vol-2898/paper06.pdf
http://ceur-ws.org/Vol-2898/paper06.pdf
http://ceur-ws.org/Vol-2898/paper04.pdf
http://ceur-ws.org/Vol-2898/paper01.pdf
https://doi.org/10.1088/1742-6596/1946/1/011001
https://doi.org/10.1088/1742-6596/1946/1/011001
http://dx.doi.org/10.1088/1742-6596/1946/1/011001
http://dx.doi.org/10.1088/1742-6596/1946/1/012018
http://dx.doi.org/10.1088/1742-6596/1946/1/012018
http://dx.doi.org/10.1088/1742-6596/1946/1/012013
http://dx.doi.org/10.1088/1742-6596/1946/1/012012
http://dx.doi.org/10.1088/1742-6596/1946/1/012012
http://ceur-ws.org/Vol-2732/20200808.pdf
http://ceur-ws.org/Vol-2732/20200808.pdf
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/26/e3sconf_icsf2020_00001/e3sconf_icsf2020_00001.html
https://www.e3s-conferences.org/articles/e3sconf/abs/2020/26/e3sconf_icsf2020_00001/e3sconf_icsf2020_00001.html
http://dx.doi.org/10.1051/e3sconf/202016600001


V. V. Osadchyi, R. O. Tarasenko, S. M. Amelina, A. E. Kiv, Development of career
guidance quests using WebAR, Journal of Physics: Conference Series 1840 (2021) 012028.
doi:10.1088/1742-6596/1840/1/012028.

[80] O. V. Korotun, T. A. Vakaliuk, V. A. Oleshko, Development of a web-based system of
automatic content retrieval database, CEUR Workshop Proceedings 2546 (2019) 182–197.

[81] I. S. Mintii, S. V. Shokaliuk, T. A. Vakaliuk, M. M. Mintii, V. N. Soloviev, Import test
questions into Moodle LMS, CEUR Workshop Proceedings 2433 (2019) 529–540.

[82] S. I. Pochtoviuk, T. A. Vakaliuk, A. V. Pikilnyak, Possibilities of application of augmented
reality in different branches of education, CEUR Workshop Proceedings 2547 (2020)
92–106.

[83] T. A. Vakaliuk, V. V. Kontsedailo, D. S. Antoniuk, O. V. Korotun, I. S. Mintii, A. V. Pikilnyak,
Using game simulator Software Inc in the Software Engineering education, CEUR
Workshop Proceedings 2547 (2020) 66–80.

[84] T. A. Vakaliuk, D. S. Antoniuk, V. N. Soloviev, The state of ICT implementation in institu-
tions of general secondary education: A case of Ukraine, CEUR Workshop Proceedings
2643 (2020) 119–133.

[85] O. V. Korotun, T. A. Vakaliuk, V. N. Soloviev, Model of using cloud-based environment
in training databases of future IT specialists, CEUR Workshop Proceedings 2643 (2020)
281–292. URL: http://ceur-ws.org/Vol-2643/paper16.pdf.

[86] V. V. Hordiienko, G. V. Marchuk, T. A. Vakaliuk, A. V. Pikilnyak, Development of a model
of the solar system in AR and 3D, CEUR Workshop Proceedings 2731 (2020) 217–238.

[87] T. A. Vakaliuk, A. A. Yefimenko, V. V. Bolotina, Y. M. Bailiuk, O. A. Pokotylo, S. Didkivska,
Using massive open online courses in teaching the subject “Computer networks" to the
future IT specialists, CEUR Workshop Proceedings 2732 (2020) 665–676.

[88] S. I. Pochtovyuk, V. P. Chernenko, T. A. Vakaliuk, Information and communication
technologies in the study of mathematical methods in psychology, CEUR Workshop
Proceedings 2732 (2020) 1249–1259.

[89] O. Uvayeva, T. Vakaliuk, D. Kostromin, Environmental monitoring and recommendations
on decreasing the levels of pesticide pollution in Zhytomyr region of Ukraine, E3S Web
of Conferences 166 (2020) 01004. doi:10.1051/e3sconf/202016601004.

[90] T. Vakaliuk, D. Antoniuk, A. Morozov, M. Medvedieva, M. Medvediev, Green IT as a tool
for design cloud-oriented sustainable learning environment of a higher education institu-
tion, E3S Web of Conferences 166 (2020) 10013. doi:10.1051/e3sconf/202016610013.

[91] V. P. Chernenko, S. I. Pochtovyuk, T. A. Vakaliuk, L. D. Shevchuk, Y. V. Slon, Information
system of economic and mathematical modelling of pricing in the residential sector of
Ukraine, Journal of Physics: Conference Series 1840 (2021) 012025. URL: https://doi.org/
10.1088/1742-6596/1840/1/012025. doi:10.1088/1742-6596/1840/1/012025.

[92] T. A. Vakaliuk, O. M. Spirin, N. M. Lobanchykova, L. A. Martseva, I. V. Novitska, V. V.
Kontsedailo, Features of distance learning of cloud technologies for the organization
educational process in quarantine, Journal of Physics: Conference Series 1840 (2021)
012051. doi:10.1088/1742-6596/1840/1/012051.

[93] A. V. Morozov, T. A. Vakaliuk, An electronic environment of higher education institution
(on the example of Zhytomyr Polytechnic State University), Journal of Physics: Confer-
ence Series 1840 (2021) 012061. URL: https://doi.org/10.1088/1742-6596/1840/1/012061.

xix

http://dx.doi.org/10.1088/1742-6596/1840/1/012028
http://ceur-ws.org/Vol-2643/paper16.pdf
http://dx.doi.org/10.1051/e3sconf/202016601004
http://dx.doi.org/10.1051/e3sconf/202016610013
https://doi.org/10.1088/1742-6596/1840/1/012025
https://doi.org/10.1088/1742-6596/1840/1/012025
http://dx.doi.org/10.1088/1742-6596/1840/1/012025
http://dx.doi.org/10.1088/1742-6596/1840/1/012051
https://doi.org/10.1088/1742-6596/1840/1/012061


doi:10.1088/1742-6596/1840/1/012061.
[94] D. S. Shepiliev, Y. O. Modlo, Y. V. Yechkalo, V. V. Tkachuk, M. M. Mintii, I. S. Mintii,

O. M. Markova, T. V. Selivanova, O. M. Drashko, O. O. Kalinichenko, T. A. Vakaliuk, V. V.
Osadchyi, S. O. Semerikov, WebAR development tools: An overview, CEUR Workshop
Proceedings 2832 (2020) 84–93. URL: http://ceur-ws.org/Vol-2832/paper12.pdf.

[95] S. O. Semerikov, A. M. Striuk, T. A. Vakaliuk, A. V. Morozov, Quantum information
technology on the Edge, CEUR Workshop Proceedings 2850 (2021) 1–15. URL: http:
//ceur-ws.org/Vol-2850/paper0.pdf.

[96] A. V. Ryabko, O. V. Zaika, R. P. Kukharchuk, T. A. Vakaliuk, Graph model of Fog
Computing system, CEUR Workshop Proceedings 2850 (2021) 28–44. URL: http://ceur-ws.
org/Vol-2850/paper2.pdf.

[97] T. M. Nikitchuk, T. A. Vakaliuk, O. A. Chernysh, O. L. Korenivska, L. A. Martseva, V. V.
Osadchyi, Architecture for edge devices for diagnostics of students’ physical condition,
CEUR Workshop Proceedings 2850 (2021) 45–56. URL: http://ceur-ws.org/Vol-2850/paper3.
pdf.

[98] I. Pilkevych, O. Boychenko, N. Lobanchykova, T. Vakaliuk, S. Semerikov, Method of
assessing the influence of personnel competence on institutional information security,
CEUR Workshop Proceedings 2853 (2021) 266–275. URL: http://ceur-ws.org/Vol-2853/
paper33.pdf.

[99] O. P. Ignatenko, Guessing games experiments in Ukraine. Learning towards equilibrium,
in: S. Semerikov, V. Osadchyi, O. Kuzminska (Eds.), Proceedings of the Symposium on
Advances in Educational Technology, AET 2020, University of Educational Management,
SciTePress, Kyiv, 2022.

[100] O. Ignatenko, Guessing games experiments in school education and their analysis, CEUR
Workshop Proceedings 2732 (2020) 881–892.

[101] Z. S. Seidametova, MOOCs types and course development, in: S. Semerikov, V. Osad-
chyi, O. Kuzminska (Eds.), Proceedings of the Symposium on Advances in Educational
Technology, AET 2020, University of Educational Management, SciTePress, Kyiv, 2022.

[102] Z. S. Seidametova, V. A. Temnenko, Some geometric objects related to a family of the
ballistic trajectories in a viscous medium, in: S. Semerikov, V. Osadchyi, O. Kuzminska
(Eds.), Proceedings of the Symposium on Advances in Educational Technology, AET 2020,
University of Educational Management, SciTePress, Kyiv, 2022.

[103] Z. S. Seidametova, V. A. Temnenko, An inverse method of the natural setting for integer,
half-integer and rational “perfect” hypocycloids, in: S. Semerikov, V. Osadchyi, O. Kuzmin-
ska (Eds.), Proceedings of the Symposium on Advances in Educational Technology, AET
2020, University of Educational Management, SciTePress, Kyiv, 2022.

[104] Z. S. Seidametova, Z. S. Abduramanov, G. S. Seydametov, Using augmented reality for
architecture artifacts visualizations, CEUR Workshop Proceedings 2898 (2021) 131–146.
URL: http://ceur-ws.org/Vol-2898/paper07.pdf.

[105] Z. Seidametova, Combining programming and mathematics through computer simulation
problems, CEUR Workshop Proceedings 2732 (2020) 869–880.

[106] T. V. Shabelnyk, S. V. Krivenko, N. Y. Rotanova, O. F. Diachenko, I. B. Tymofieieva, A. E.
Kiv, Integration of chatbots into the system of professional training of Masters, CEUR
Workshop Proceedings 2879 (2020) 212–220.

xx

http://dx.doi.org/10.1088/1742-6596/1840/1/012061
http://ceur-ws.org/Vol-2832/paper12.pdf
http://ceur-ws.org/Vol-2850/paper0.pdf
http://ceur-ws.org/Vol-2850/paper0.pdf
http://ceur-ws.org/Vol-2850/paper2.pdf
http://ceur-ws.org/Vol-2850/paper2.pdf
http://ceur-ws.org/Vol-2850/paper3.pdf
http://ceur-ws.org/Vol-2850/paper3.pdf
http://ceur-ws.org/Vol-2853/paper33.pdf
http://ceur-ws.org/Vol-2853/paper33.pdf
http://ceur-ws.org/Vol-2898/paper07.pdf


Computational modelling of stochastic processes for
learning research
Oleksandr H. Kolgatin1, Larisa S. Kolgatina2 and Nadiia S. Ponomareva3,4

1Simon Kuznets Kharkiv National University of Economics, 9A Science Ave., Kharkiv, 61166, Ukraine
2H. S. Skovoroda Kharkiv National Pedagogical University, 29 Alchevskyh Str., Kharkiv, 61002, Ukraine
3Kryvyi Rih State Pedagogical University, 54 Gagarin Ave., Kryvyi Rih, 50086, Ukraine
4Kharkiv University of Technology “STEP”, 9/11 Malomyasnytska Str, Kharkiv, 61000, Ukraine

Abstract
The objectives of our work were to use computer-based statistical modelling for comparison and system-
atisation of various approaches to non-parametric null hypothesis significance testing. Statistical model
for simulation of null hypothesis significance testing has been built for educational purpose. Fisher’s
angular transformation, Chi-square, Mann-Whitney and Fisher’s exact tests were analysed. Appropriate
software has been developed and gave us possibility to suggest new illustrative materials for describing
the limitations of analysed tests. Learning researches as the method of understanding inductive statistics
have been suggested, taking into account that modern personal computers provide acceptable time
of the simulations with high precision. The obtained results showed low power of the most popular
non-parametric tests for small samples. Students can’t analyse the test power at traditional null hy-
pothesis significance testing, because the real differences between samples are unknown. Therefore,
it is necessary to change the accents in Ukrainian statistical education, including PhD studies, from
using null hypothesis significance testing to statistical modelling as a modern and effective method of
proving the scientific hypothesises. This conclusions correlate with observed scientific publications and
the recommendation of the American Statistical Association.

Keywords
computational modelling, computer-based simulation, statistical hypothesis significance testing, educa-
tion, learning research

1. Introduction

1.1. Statement of the problem

Computational modelling and using the computer-based models for simulation is an essential
part of educational content and methodology. From one hand, computer-based simulation
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becomes one of the main method of pedagogical research that brings new facilities in forecast
and proving the efficiency of new pedagogical technologies. From the other hand computational
modelling and computer-based simulations provided by students give them new experience
in difficult sided of educational content, facilitate competences in independent work and re-
searcher’s competences [1]. Thus, students’ learning research with computational simulations
has been developed as a method for improving students’ self management through creative
learning activity [2, 3]. Semerikov et al. [4, 5] have suggested to use computer simulation of
neural networks using spreadsheets. These results give us possibility to introduce this modern
technology in educational process of wide kinds of educational programs that are not directly
connected with computer science. The elements of technique of using CoCalc at studying topic
“Neural network and pattern recognition” of the special course “Foundations of Mathematic
Informatics” are shown in the works of Markova et al. [6]. The method of computational
simulation and modelling is supported by work of Modlo and Semerikov [7], where new tools
for modelling of electromechanical technical objects in cloud-based learning environment have
been suggested. Khazina et al. [8] also considered computer modelling as a scientific means of
training. So we can conclude that computational modelling and simulation is the popular and
actual learning method. This field of research is very interesting for our present study, because
it promotes development of computational modelling as a method of learning researches.

One of such fields of pedagogical investigations, where new information technologies can
provide new level of understanding the modelled processes, is comparative pedagogical exper-
iment and statistical hypothesis testing as a part of one. Computer-based statistical analysis
becomes a major part of the monitoring of the learning resources quality [9]. In our work, we
consider statistical processing of results of pedagogical experiment as one aspect of pedagogical
research. Traditionally this problem is solved by methods of mathematical statistics on the
basis of statistical hypothesis testing. Two hypotheses are put forward: the null hypothesis,
which states that there are no differences between compared random variables in the studied
parameter, and the alternative hypothesis, which argues that the observed differences are caused
by the studied impact. A researcher uses some criterion that integrates the observed differences
in the numeric form and calculates the probability of obtaining the same or larger differences in
random process to accept one of those hypothesises. The number of participants in pedagogical
studies is usually small, so we accept alternative hypothesis, if the probability of the type I
error (the probability that the observed differences are due to random factors) does not exceed
5 %. Understanding the essence of statistical hypothesis testing is a hard problem. Thus, Sotos
et al. [10] pointed the common misconceptions about statistical inference. They noted that in
response to the persistence of the misconceptions, educational researchers and practitioners
have initiated and promoted a thorough reform for teaching statistics. And one direction of
this reform was the importance of integrating technology in the statistics classroom, using
simulations to help students understand the ideas behind statistical processes [10]. Problems of
using statistical hypothesis tests are so deep that discussions continue even now, after more
than a hundred years after implementation this approach into the science. For example, sci-
entists discuss the problem of dichotomization of p-values, because it makes matters worse
(Wasserstein et al. [11]) and suggest to describe the data using other approaches (McShane et al.
[12]). The use of computer-based modelling provides a new look at the system of inductive
methods of statistics, gives possibility to highlight the most powerful methods and to determine
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the limits of their applicability, which is particularly important in psychological and pedagogical
studies, where samples are small [13].

Otherwise, the practice of statistical data analysis in Ukrainian pedagogical researches
is grounded on traditional approach. So we need to show educational community modern
computer-based techniques for data analysis that are based on simulation of stochastic pro-
cesses. We also need to show comparison of these techniques with traditional criteria for null
hypothesis significance testing. This work is devoted to simulation of using popular classical
criteria of statistical hypothesis testing: Pearson’s criterion Chi-square, Fisher’s angular trans-
formation and Mann-Whitney U criterion. Information and communication technologies offer
new perspectives for the analysis of the boundaries of these tests application, investigation
of the criteria sensitivity, development of approaches to statistical analysis for small samples.
Learning researches with appropriate models will be useful not only for students, but also for
researchers to improve understanding the essence of statistical data processing in pedagogic
research.

1.2. Analysis of previous research

Last time researchers pay great attention for statistical modelling as an alternative approach
to prove research hypothesises. Computer-based simulation has provided possibility to show
the boundaries of using Pearson’s criterion Chi-square at null hypothesis significance testing
(Kolgatin [13]). Computational model for investigating the efficiency of statistical hypothesis
testing was proposed. This model did not use any assumptions about probability distribution
and test features. So it could be used for comparison of methods built on different principles.
There was shown that Chi-square test and Fisher’s angular transformation test in the studied
range of sample sizes (from 9 to 200) do not provide good accuracy for frequency tables with 2
categories. The idea of these tests is to guarantee that we should obtain the error of the first
type (type I error) in 5 % cases (5 % significance level were used), if the null hypothesis is true.
Real value of the type I error was essentially differ within the interval from 0.04 to 0.08 instead
of 0.05. Accuracy of the type I error estimation is better (in the interval from 0.04 to 0.06), if
the sizes of samples are not less than 70. Accuracy of the type I error estimation by Chi-square
test for frequency tables with 3 categories is better even for very small samples sizes. This
accuracy essentially depends on the number of measures in samples and is worse, when one of
the sample is small and the other one is large. Therefore, some recommendations for combining
categories to use the chi-square test for small sample sizes are debatable. Another result that
was obtained in [13] is devoted to Chi-square test power, its ability to show differences between
distributions. The type II error was quite high, it decreased with increasing the sample sizes,
when 3 categories in frequencies tables were used instead of 2 categories. This question is
discussed in this paper later in detail, but we can conclude here that this results correlate with
the statement of the American Statistical Association (ASA) about the limitations of p values
(Wasserstein and Lazar [14]).

Statistical modelling as a powerful alternative to null hypothesis significance testing was
described by Lang et al. [15]. They noted that statistical modelling is a more complicated
approach than null hypothesis significance testing, but this added complexity affords researchers
the opportunity to quantify evidence in support of specific substantive hypotheses relative to
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competing hypotheses — not simply against a null hypothesis [15]. The authors underlined that
the purpose of statistical modelling is to represent, as accurately and completely as possible,
a data generation process, with the goal of understanding and gathering evidence about its
structure [15]. These authors suggested and compared Bayesian and “frequentist” models for
exploring how child temperament mediates the relationship between age and developmental
progress in communication and motor skills [15].

Statistical modelling as an educational tool is analysed in many scientific works. A good
review on the corresponded literature was suggested by Jamie [16]. The main idea of the
authors is to use computer simulation methods (CSMs) for the purpose of clarifying abstract
and difficult concepts and theorems of statistics. Some systems of computer mathematics
and spreadsheets are considered: SAS PROC IML, Excel, MINITAB, SAS, SPSS. There was
analysed the approaches to teach and illustrate such parts of statistical education: central
limit theorem, Student’s t-distribution, confidence intervals, binomial distribution, regression
analysis, sampling distribution, survey sampling [16].

Many of the models for modelling the statistical hypothesis testing with educational purpose
was suggested at the end of last century. Flusser and Hanna [17] have used BASIC computer
programs to simulate a binomial experiment and test a simple statistical hypothesis. Taylor and
Bosch [18] suggested interactive clinical trial simulation program that provides a few thousand
simulations in about 5 minutes. Bradley et al. [19] have developed a comprehensive simulation
laboratory for statistics that could work with real experimental data from database and generate
samples according to given parameters. This software calculated p-value according F-test.
Students could see that the decisions about the null hypothesis differ for various series and
analyse the Type I and Type II errors. Ricketts and Berry [20] used statistical modelling in a
package Resampling Stats to demonstrate a histogram of Differences between means. This
results, obtained for very small samples, helped students to understand the essence of null
hypothesis significance testing without any formulas.

This software gave possibility to demonstrate the Type I and Type II errors for students, but
did not produce enough performance for analysing the qualities of used criteria. Therefore, it
is actual to develop some computer-based model for comparison of various approach for null
hypothesis significance testing and analysing boundaries of its using. Such model will be useful
not only for understanding the essence of null hypothesis significance testing, but it will be also
useful for understanding the limitation of the traditional null hypothesis significance testing
approach and will motivate pedagogical scientists to computational modelling as a perspective
method of statistical data analysis.

1.3. Objectives

We have started this work in 2014 with the objectives to use computer-based statistical modelling
for comparison and systematisation of various approaches to non-parametric null hypothesis
significance testing. The accessible for Ukrainian students information in textbooks and hand-
books was contradictory and not enough for confident and reasonable choice of the statistical
method for data analysis in pedagogical researches. We have tried to develop a statistical model
for providing learning researches with null hypothesis significance testing by university and
postgraduate students.
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But now we are finishing this work with the objectives to prove advantage of statistical
modelling over null hypothesis significance testing. We are grounding on our own simulations,
stormy development of information and communication technologies and newest publications
in statistical scientific literature. The aim of this research is to show the limitations of classical
null hypothesis significance testing and motivate students and researchers to computational
modelling as an effective method of research hypothesises proving.

Such changing the objectives of our study leads to some inconsistency of this paper and
deprives us of opportunities to introduce this analysis directly into educational process, because
the program of statistical education should be revised taking into account obtained result. So we
can suggest our results as a matter for critical thinking and developing educational programs to
statistical educators.

2. Theoretical framework

Statistical modelling of various criteria for null hypothesis significance testing needs in preparing
procedures of these criteria implementation. More over, some criteria, such as Pearson’s Chi-
square, Fisher’s angular transformation, needs data in a form of frequency table. Our model
generates the samples in metric scale, so the data should be collapsed into some intervals to
obtain the frequency table.

Pearson’s Chi-square criterion was used in the form:

𝜒2 =

𝑚∑︁
𝑖=1

𝑘∑︁
𝑗=1

(𝐸𝑖,𝑗 − 𝑇𝑖,𝑗)
2

𝑇𝑖,𝑗
, (1)

where 𝐸𝑖,𝑗 , 𝑇𝑖,𝑗 – empirical and theoretical frequencies; 𝑖, 𝑚 – index and number of categories;
𝑗, 𝑘 – index and number of samples (𝑘 = 2 in this study).

The form of Chi-square criterion with Yates’s correction for continuity was analysed by
D’Agostino et al. [21], Kolgatin [22] and was not used here. All studies in this work were
carried out for significance level of 5 %, the critical values of Chi-square criterion were assumed
according to Verma [23].

The criterion of Fisher’s angular transformation was used for 2-tails in such form:

𝜙* = 2 ·
⃒⃒⃒⃒
arcsin

(︂
𝐸1,1

𝑛1

)︂
− arcsin

(︂
𝐸1,2

𝑛2

)︂⃒⃒⃒⃒√︂
𝑛1 · 𝑛2

𝑛1 + 𝑛2
, (2)

where 𝐸1,1 and 𝐸1,2 – frequencies in one of the categories for samples 1 and 2; 𝑛1 and 𝑛2 –
sizes of samples 1 and 2 [24]. The critical value of this criterion was assumed 1.96 at significance
level of 5 % (2-tail). Mostly, Fisher’s angular transformation is used for 1-sided test with critical
value 1.64 [24]. The test power is higher in such case [13]. We used 2-sided test in this work to
have correct comparison with Pearson’s Chi-square test, which has no 1-sided form.

The words “exact test” are magical for some students and even researchers. Fisher’s exact
test for consistency in a 2×2 table was analysed by D’Agostino et al. [21], Berkson [25], Liddell
[26] etc. Their results were pessimistic. All these researchers believed that this test is exact only
because it do not use any approximations. Theoretical basis of this test is not exact, so let try
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our simulations to understand and illustrate the problem. We have used 2-sided form of the
Fisher’s exact test criterion, which give us the p-value (probability of the Type I error) [27, 28].
The probability of given observed frequencies combination can be calculated with the formula:

𝑝* =
(𝑛1)!(𝑛2)!(𝑛𝑎)!(𝑛𝑏)!

𝑎1!𝑏1!𝑎2!𝑏2!𝑛!
, (3)

where 𝑎1, 𝑏1, 𝑎2, 𝑏2 – observed frequencies in the samples 𝐴 and 𝐵 in the categories 1 and 2
accordantly; 𝑛 = 𝑎1 + 𝑎2 + 𝑏1 + 𝑏2 – total number of measures; 𝑛1 = 𝑎1 + 𝑏1 – number of
measures in the category 1; 𝑛2 = 𝑎2+ 𝑏2 – number of measures in the category 2; 𝑛𝑎 = 𝑎1+𝑎2
– the size of the sample 𝐴; 𝑛𝑏 = 𝑏1 + 𝑏2 – the size of the sample 𝐵.

The probability of random realisation of given combination and all other less probable
combinations is

𝑝 = 𝑝* +
∑︁

∀𝑝𝑖<𝑝*,𝑖∈[0;𝑛𝑎]

𝑝𝑖, (4)

where

𝑝𝑖 =
(𝑛1)!(𝑛2)!(𝑛𝑎)!(𝑛𝑏)!

(𝑖)!(𝑛1 − 𝑖)!(𝑛𝑎 − 𝑖)!(𝑛𝑏 − 𝑛𝑎 + 𝑖)!𝑛!
. (5)

Mann-Whitney test and its modifications are the field of researchers’ attention now and
statistical modelling is the main method of comparison the efficiency of various modifications
[29, 30]. The assumptions of this group of test were analysed by Fay and Proschan [31].

Mann-Whitney test was used in our work based on research by Sidorenko [32], Gubler and
Genkin [24], Billiet [33] in the form

𝑈 = min(𝑈𝑎, 𝑈𝑏), (6)

where

𝑈𝑎 = (𝑛𝑎𝑛𝑏) +
𝑛𝑎 (𝑛𝑎 + 1)

2
− 𝑇𝑎, (7)

𝑈𝑏 = (𝑛𝑎𝑛𝑏)− 𝑈𝑎, (8)

where 𝑛𝑎 and 𝑛𝑏 – the sizes of 𝐴 and 𝐵 samples accordantly; 𝑇𝑎 – the sum of ranks in the
sample 𝐴. The calculated values of Mann-Whitney criterion were compared with its critical
values according the table, when both 𝑛𝑎 and 𝑛𝑏 were not grater than 30 [33]. Z-test for U
criterion was used in cases, where at least one of the sample size was grater than 30 [33]:

𝑍 =
𝑈 − 1

2𝑛𝑎𝑛𝑏√︁
𝑛𝑎𝑛𝑏(𝑛𝑎+𝑛𝑏+1)

12

. (9)

3. Statistical model

The method of statistical modelling was used for investigation. The model allows to form 2
samples from one population or from different populations that have some differences in its
probability distributions.
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The first regime was used for Type I error investigation. Two series of numbers was created
on the base of the same random number generator. The values obtained were distributed into 𝑚
categories, we could control the distribution to ensure uniform distribution or the predominance
of frequencies in certain categories; an empirical value of criterion was calculated for obtained
frequencies tables and compared with the critical value of this criterion at the specified level of
significance; decision about the possibility of rejection of the null hypothesis was made. We
knew that actually the null hypothesis was true, because both samples (series of numbers) were
generated with one random number generator. But the alternative hypothesis was accepted in
some of the tests as a result of random factors. The relative frequency of such false decisions
was estimated as the probability of a type I error and should correspond to the significance level
that was used to choose critical value of a criterion.

We needed a large number of trials to obtain a satisfactory precision of the analysis. 1000000
trials were conducted in computational experiments for each case. The precision of the obtained
values of the probability of a type I error was estimated on the base of the standard deviation in
consecutive identical trials. The estimated absolute error was about 0.0005 for 95 % confidence
interval. So we used all numbers with 2-3 significant digits and the last digit in all shown results
is spare guard digit. We need in a guard digit for further data processing. The number of trials
can be less in students’ investigations for saving computational time when the power of tests
are analysed. In some of the trials with very small samples were obtained zero values of the
frequencies in some categories, and it was not possible to calculate the values of a criterion.
These results were removed from the analysis, and, if their part in the total number of trials
exceeded 1 %, the study under appropriate conditions was not conducted.

The second regime was used for investigation the power of the tests. Two unequal random
number generators were used to analyse of criteria sensitivity. In such case we knew that
actually the alternative hypothesis is true, because samples (series of numbers) were generated
with different random number generator. We could control the level of variation. The relative
frequency of true positive decisions corresponds to the criterion power that determined by the
level of differences between the parameters of random number generators, which are used for
samples.

4. Learning researches

4.1. Motivation with leading questions

One of the method to motivate students for learning research is to suggest them leading
questions after a brief theoretical review [2]. Such questions attract students’ attention to
the most problem and debatable issues of the educational content. The limitation of using
some theory, accuracy estimation, possible practical problems in specific cases are always the
problem not only for students, but also for professional researchers. Concerning to the statistical
education in using null hypothesis significance testing we would suggest students such leading
questions:

• Is Type I error fixed, when null hypothesis significance testing?
• What factors affect the power of the null hypothesis significance testing?
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Table 1
Type I error, when null hypothesis is true (example for equivalent samples sizes)

Size of
the
sample 𝐴

Size of
the
sample 𝐵

Frequency of null hypothesis rejection using the test, %
Pearson Chi-Square test for Fisher’s angular Fisher’s Mann-
the number of categories transformation exact test Whitney

2 3 5 test
4 4 7.07 0.79
5 5 6.05 2.17 3.18
6 6 5.79 0.63 4.11
7 7 5.71 1.29 3.81
8 8 7.64 2.09 4.96
9 9 4.99 9.02 2.10 4.01
10 10 4.21 4.83 4.84 1.26 4.03

data storing continue with the step given by a teacher
198 198 5.01 5.02 5.02 5.01 3.95 5.00
199 199 5.07 5.04 5.01 5.07 4.00 4.98
200 200 5.10 5.00 5.04 5.01 4.02 4.96

• Should we collapse metric scale data into some intervals?
• Which tests should we use for small samples?
• What can we know about the test power when implement null hypothesis significance

testing in practice?
• Can we prove that null hypothesis is true?

Students find the answers on these leading questions during independent work according to
the plan of learning research. The answers can be not determined. So the process of making
conclusions is creative for students.

Students should be equipped with the clear instruction for research steps and data collection.
Also, some templates for conclusions should be prepared. We’ll show the examples of tables
and diagrams as possible results of investigations. The details of instructional materials is
determined by the level of readiness of students for independent work.

4.2. Learning research of the non-parametric criteria performance with true
null hypothesis

Now we will refer to students. You know some recommendations about limitations in using
some null hypothesis significance tests. But how important are each of these limitations? What
error can took place in each practical case of the test using. Textbooks do not give us detailed
information. We can find the answers in professional research papers, but, may be, this source of
information is not so easy to use. May be, some practical questions was not analysed in scientific
works yet. So we need to master the method of statistical modelling to explore some specific
practical problems. Study the above statistical model and use it to test non-parametric criteria
performance with true null hypothesis. This model tries to use Pearson’s Chi-square, Fisher’s
angular transformation, Fisher’s exact test for consistency in a 2×2 table, Mann-Whitney test
for testing null hypothesis for 2 samples of some given probability distribution. Both samples

8



Table 2
Conclusions according the accuracy of Type I error estimation with analysed tests

Templates
Accuracy of Type I error estimation with analysed tests was ? 𝑏𝑒𝑡𝑡𝑒𝑟

𝑤𝑜𝑟𝑠𝑒 when processing the data organised
in 2 categories
Accuracy of Type I error estimation with analysed tests ? 𝑑𝑖𝑠𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑

𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 with increasing the sizes of
samples
The matter of the observed periodical behaviour of Type I error estimation at using Fisher’s exact test
for 2x2 frequency tables (2 categories) is ? 𝑑𝑖𝑠𝑐𝑟𝑒𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑎𝑠𝑒 𝑚𝑜𝑑𝑒𝑙 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑜𝑛

𝑙𝑜𝑤 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑎𝑙 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠

The matter of the observed periodical behaviour of Type I error estimation at using Fisher’s
angular transformation and Pearson’s Chi-square test for 2x2 frequency tables (2 categories) is
? 𝑎𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑖𝑜𝑛 𝑒𝑟𝑟𝑜𝑟 𝑎𝑛𝑑 𝑑𝑖𝑠𝑐𝑟𝑒𝑡𝑒 𝑚𝑎𝑡𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑟𝑖𝑡𝑒𝑟𝑖𝑎

𝑙𝑜𝑤 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 𝑜𝑓 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐𝑎𝑙 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠

Fisher’s exact test was ? 𝑙𝑒𝑠𝑠 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑣𝑒
𝑚𝑜𝑟𝑒 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑣𝑒 than Fisher’s angular transformation and Pearson’s Chi-

square test for 2x2 frequency tables (2 categories)
Collapsing data of small size samples into less number of categories ? 𝑑𝑖𝑑𝑛′𝑡 𝑙𝑒𝑎𝑑 𝑡𝑜

𝑙𝑒𝑑 𝑡𝑜 improving Type I
error estimation
The observed behaviour ? 𝑐𝑎𝑛 𝑑𝑖𝑓𝑓𝑒𝑟

𝑤𝑖𝑙𝑙 𝑏𝑒 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 in simulations with another probabilities distribution in
population and another sizes of samples

Figure 1: Accuracy of Type I error estimation in Fisher’s angular transformation, Chi-square and Fisher’s
exact tests for 2 categories for samples of equal sizes 𝑛𝑎 = 𝑛𝑏 = 4...200.

are the random samples from the unique population. So, the ideal test should decline the null
hypothesis in 5 % cases (Type I error on significance level 5 %). Try your simulations for given
probability distribution in population according to your individual variant and fill in the table 1.
It will be useful to create this table in some spreadsheet by copying the data from the used
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Table 3
Conclusions according the power of analysed tests with given data

Templates
Collapsing data of small size samples into less number of categories ? 𝑑𝑖𝑑𝑛′𝑡 𝑙𝑒𝑎𝑑 𝑡𝑜

𝑙𝑒𝑑 𝑡𝑜 improving the
power of null hypothesis significance testing
Power of the analysed tests ? 𝑑𝑖𝑠𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑

𝑖𝑚𝑝𝑟𝑜𝑣𝑒𝑑 with increasing the sizes of samples asymptotically
To satisfy the Type II error less than 5 % (power grater than 95 %) at using Chi-square test for 2x2
frequency tables (2 categories) we needed samples sizes 𝑛𝑎 = _____ and 𝑛𝑏 = _____
To satisfy the Type II error less than 5 % (power grater than 95 %) at using Chi-square test for 3x2
frequency tables (3 categories) we needed samples sizes 𝑛𝑎 = _____ and 𝑛𝑏 = _____
To satisfy the Type II error less than 5 % (power grater than 95 %) at using Chi-square test for 5x2
frequency tables (5 categories) we needed samples sizes 𝑛𝑎 = _____ and 𝑛𝑏 = _____
To satisfy the Type II error less than 5 % (power grater than 95 %) at using Fisher’s exact test for 2x2
frequency tables (2 categories) we needed samples sizes 𝑛𝑎 = _____ and 𝑛𝑏 = _____
To satisfy the Type II error less than 5 % (power grater than 95 %) at using Fisher’s angular transforma-
tion test for 2x2 frequency tables (2 categories) we needed samples sizes 𝑛𝑎 = _____ and 𝑛𝑏 = _____
To satisfy the Type II error less than 5 % (power grater than 95 %) at using Mann-Whitney test we
needed samples sizes 𝑛𝑎 = _____ and 𝑛𝑏 = _____
The analysed tests can be ranged according to their power in the such order:

1. (with the most power) _____________________;
2. _____________________;
3. _____________________;
4. _____________________;
5. _____________________;
6. _____________________

Power of some analysed tests can be improved in the case of one-sided hypothesis testing:

1. _____________________;
2. _____________________

The observed behaviour ? 𝑐𝑎𝑛 𝑑𝑖𝑓𝑓𝑒𝑟
𝑤𝑖𝑙𝑙 𝑏𝑒 𝑡ℎ𝑒 𝑠𝑎𝑚𝑒 in simulations with another probabilities distribution in

population and another sizes of samples

software output. Draw diagrams according to the obtained data (see the examples on figure 1
and figure 2). Analyse your results and draw conclusions according to the templates in the
table 2.

4.3. Learning research of the non-parametric criteria power

We continue to refer to students. Let analyse the power of the tests. You remember that,
according to the rules, we reject the null hypothesis, if the test allows us. But we never say
that we accept the null hypothesis. We should say that we can not reject it. Now we should
understand the matter of such rule. Use the null hypothesis significance test for two samples
with different probability distributions obtained by different random generators with given
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Figure 2: Accuracy of Type I error estimation in Mann-Whitney and Chi-square tests for samples of
equal sizes 𝑛𝑎 = 𝑛𝑏 = 5...200.

Figure 3: Power of Fisher’s angular transformation, Chi-square, Mann-Whitney and Fisher’s exact
tests for samples of equal sizes with uniform probability distributions in diapasons [−0.05; 0.95] and
[0.05; 1.05].
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Figure 4: Power of Fisher’s angular transformation, Chi-square, Mann-Whitney and Fisher’s exact tests
for samples of equal sizes with uniform probability distributions in diapasons [−0.1; 0.9] and [0.1; 1.1].

different parameters (according to your individual variant). Store the results in the form of the
table 1. The form is the same, but now we know that null hypothesis is false. So the data in
the table will show the power of the tests. Organise your data using diagrams and show the
theoretical probability distribution in your samples, using the information about your random
generator. We have used the uniform random generators with different means to obtain the
examples (see figure 3, figure 4, figure 5). Analyse your results and draw conclusions according
to the templates in the table 3.

As we can see, the main problem at using null hypothesis significance testing is unknown
power of tests in practical tasks. The power of tests will be low, if null hypothesis is false with
low differences between compared populations. The tests do not give us mechanism to estimate
the power in such cases. So statistical modelling is more appropriate method of data analysing,
because the model give us possibility to estimate data distribution and confidence intervals.

5. Conclusions

Statistical model for simulation of null hypothesis significance testing has been built. Fisher’s
angular transformation, Chi-square, Mann-Whitney and Fisher’s exact tests were analysed.
Appropriate software has been developed and gave us possibility to suggest new illustrative
materials for describing the limitations of analysed tests.

Learning researches in inductive statistics have been suggested on the base of statistical
modelling. This didactic materials can be useful for master and PhD students in pedagogics.
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Figure 5: Power of Fisher’s angular transformation, Chi-square, Mann-Whitney and Fisher’s exact
tests for samples of equal sizes with uniform probability distributions in diapasons [−0.15; 0.85] and
[0.15; 1.15].

Suggested methods contain new views on the use of null hypothesis significance testing. We
stress that collapsing data into less number of categories decrease the efficiency of tests and
does not give any advantage in accuracy of significance level providing.

We suggest to change the accents in Ukrainian statistical education, including PhD studies,
from using null hypothesis significance testing to statistical modelling as a modern and effective
method of proving the scientific hypothesises. We ground on results of our simulations suggested
in this paper, possibilities of modern information and communication technologies, literature
review and the opinion of American Statistical Association.

The field of further research is in developing the courseware for teaching the inductive
statistics based on statistical modelling. Studying the null hypothesis significance tests should
be considered as an auxiliary simplified methods.
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Abstract
The problems of synchronized curriculum shaping are discussed in the paper in the context of the
challenges of contemporary IT specialists’ training in terms of permanent evolution and rapid expansion
of computing. The authors’ technique of the curriculum simulation based on Petri net applying is pre-
sented. The theoretical framework which allowed us to elaborate the technique includes some didactical
fundamentals of curriculum design and academic disciplines structuring as well as the theoretical basics
of Petri nets in terms of their significant facilities for different processes synchronization. The technique
of academic disciplines structuring based on frame model of knowledge representation is covered as a
chain of stages which results in the net of disciplines modules (frames) including the proper learning
elements along with preserving and spreading links between them. In order to solve the problem of
synchronization of the learning elements mastering throughout the academic disciplines with regard of
the established links in the frames, it is offered the practically-driven approach to curriculum modeling
based on Petri nets simulation. The different types of the precedence relations for the learning elements
(inputs and outputs of the frames) were distinguished. Using these precedence relations, we managed
to simulate through Petri nets a learning element itself and the process of its mastering. Using the
operations of Petri nets modifications and learning elements’ connections of different types, we could
obtain a model of a curriculum discipline module and finally – a curriculum discipline model. Built
Petri nets models represent all the evolution of the learning elements mastering by students in the
curriculum courses. Synchronization of their mastering is guaranteed by the rules of Petri net execution
and modifications. The peculiarities of the offered technique are analyzed. The benefits in terms of
applying such a simulation to the building of synchronized curriculum for IT-specialists training are
formulated. The prospects of the research are outlined in the lines of using the obtained results for
special software development.

Keywords
IT-specialists’ training, synchronized curriculum, Petri net-based simulation, curriculum simulation

1. Introduction

Rapid development of IT industries and their penetration in all branches of social life as
well as the modern shifts in the demand for computing throughout a global economy cause
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growing requirements to potential IT-specialists’ training. Consequently, this needs changes in
computing education and demands innovative approaches to university curriculum building for
training high level professionals in computing sphere.

In the international guidelines shaping the modern paradigms of global IT education, it is
emphasized the transformation of computing which nowadays is not just a profession or a
single knowledge domain [1, 2, 3, 4, 5, 6]. According to the current state of IT education covered
in the latest Computing Curricula Series Report [5, 6], we can conclude that computing area (as
a result of rapid evolution) is not an isolated domain, but rather a family of knowledge domains
which embraces a set of fundamental and applied study areas. They go on their developing
that leads to emerging of new study areas which represent intersection of fundamental science,
applied branches of science and traditional computer disciplines.

In particular, it is mentioned that during recent decades the essential changes in IT industry
have happened that led to the important changes in the disciplines [1, 2, 3, 4, 5, 6]:

(1) Computer science has evolved into a more developed academic subject;
(2) Computer engineering has raised from electrical engineering;
(3) Software engineering as a discipline has emerged based on Computer science and Computer

engineering;
(4) Information systems has expanded throughout economic and organizational processes;
(5) Information technology has appeared as a new discipline that encouraged building comput-

ing infrastructures and others.

The study areas continued to evolve, at the same time, increasing the range of study opportu-
nities for pre-service IT-specialists and educational establishments. Additionally, many jobs
emerged which concentrated on software use rather than on its development that accelerated
the study areas and disciplines maturation.

It is also emphasized that in terms of globalization processes and permanent changes in
computing, building of worldwide curricula is getting really urgent. Its development, on the
one hand, has expanded the scope of the traditional computing disciplines. On the other hand,
it raises the task of preserving the natural links between the disciplines, integrating of the
newly-appeared disciplines into the existing curriculum, synchronization of their mastering.

Thus, it seems to be necessary not only to develop a proper approach to university curriculum
building for potential computing specialists, but also to elaborate practically-driven means for
its efficient modeling.

The aim of the paper is to represent authors’ Petri nets-based approach to the building of
synchronized curriculum for IT-specialists training.

2. Theoretical framework

Developing the approach to the simulation of synchronized curriculum, we addressed to the
didactical fundamentals of curriculum design and academic disciplines structuring as well
as the theoretical basics of Petri nets which have significant facilities for different processes
synchronization.

According to a number of studies, in the process of curriculum design, one of the essential
steps is made by the modular structuring of the disciplines which at the same time have
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to reflect the content of proper scientific branches. The main challenge here is seen by the
researchers in the proper shaping disciplines from modules, which would allow to keep existing
links between the portions of knowledge (learning elements). It is pointed out, that building
modular structure of disciplines without saving the links and desynchronized mastering of
knowledge (skills) will cause the set of negative consequences and educational drawbacks (such
as destroying the logic and wholeness of the accepting of the set of curriculum disciplines,
shaping uncoordinated system of students’ knowledge, inability to use them flexibly in related
areas, and other [7, 8, 9, 10]. It is also emphasized in the studies (in particular, [6, 7, 8, 11, 12])
that nowadays it is urgent to find out the ways to build coordinated university curriculum
in order to overcome the exposed problems, to cultivate interdisciplinary understanding of
knowledge nature, to focus pre-service specialists on holistic mastering of learning content and
forming their compound skills.

There are some special challenges in the sphere of IT university education and, subsequently,
in curriculum building for IT-specialists’ training (partially highlighted above). Among the
principles of building global computing curriculum followed by the [6], it is essential to mention
the set of important pillars which may become the guidelines for curriculum building in national
university education:

(1) it has to preserve the concept of computing throughout the world and in time, as well
as to support existing, emerging and future computing disciplines both for the today and
potential students;

(2) it has to mind future trends and achievements from industry, research, and the entire
spectrum of society;

(3) it has to be flexible to get global enduring acceptance and be adaptable within multiple
educational contexts.

Thus, trying to overcome the problems of disconnection between the curriculum disciplines,
taking into consideration the main pillars of the building curriculum for IT-specialists training,
and meeting the requirements of creation of holistic system of students’ knowledge and skills,
the authors has developed and implemented the technique of the module disciplines structuring
based on the knowledge penetration. The said technique (that was covered in details in our
earlier papers [12, 13]) can be represented in brief as follows.

This technique was elaborated by the authors basing on the concepts of the multilevel
approach to the formation of learning content in the correspondence with different levels of
knowledge generalization minding its AI sense [13]. In particular, there were applied such
models of knowledge representation as semantic networks and frame-based models due to their
relevant facilities to spread determined connections between knowledge units [14, 15].

Thus, the said technique of the curriculum building based on the knowledge penetration,
embraces some stages matching the levels of the educational content building (which, in turn,
match the levels of knowledge generalization).

The first stage of curriculum building corresponds to the so called “Super-Subject” level where
the content is represented as a network of the concentrated units of knowledge (KPs shown
in the figure 1). These units are preliminary defined basing on the analysis of the system of
professional functions of the specialists, their job scope, current requirements to their expertise,
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typical vocational tasks etc. Thus, these KPs include real elements the subject domain which
are to be mastered by per-service specialists in the process of their training.

Figure 1: Grouping LEs of a subject domain around proper KPs of the Super-Subject level.

On the subsequent stages of the curriculum building, the content of discipline modules is
concentrated around the KPs of the Super-Subject level.

At the next stage of the curriculum building (Subject level and the level of learning material) it
is provided the deep analysis of the subject domain regarding its double essence: any curriculum
subject is both a part of the educational content and the reflection of a scientific branch. The
result of such an analysis (usually made with software like Trope, Text Analist etc) is the system
of the interconnected knowledge portions (Learning Elements, or LEs) that are grouped around
proper KPs of the Super-Subject level (figure 1).

Then typical procedures for frame-based model of knowledge representation are implemented
[14]. In particular, the frames-prototypes are built and filled in with the revealed LEs minding
the links, determined at the previous stage. The links between LEs are able to be spread around
other frames due to embedded facilities of frame based model. Applying similar procedures
to all the curriculum subjects, we obtain the coordinated system of the disciplines which is
sensitive to the changes happening on the highest level of education content and at the same
time provide students with holistic system of knowledge and skills.

Schematically, the result of the curriculum building may be depicted as a diagram (figure 2)
where each frame represents a curriculum subject with nested frames (modules) and connections
between revealed LEs grouped around the KPs. Thus, the curriculum can be simulated as a net
of modules modeled by the system of frames involving the LEs.

It is important to emphasize that the presented authors’ technique of university curriculum
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Figure 2: The result of the curriculum building where each frame represents a curriculum subject with
nested frames (modules).

building which makes the theoretical and practical framework of our current research was based
on the revealed mechanisms of knowledge integration in scientific branches and in curriculum
disciplines and allows to trig the integration mechanisms realization. The technique of the
disciplines structuring and coherent curriculum shaping was implemented and verified with
the help of special expertise.

However, its analysis made us improve some of its steps. In particular, in the process of real
curriculum building it became clear that it is necessary to elaborate the issue of the grouping
learning elements into the modules. The problem is that the links between the LEs are reserved
and spread thanks to the frames facilities. At the same time, it would be beneficial to take into
account also the sequence and order of their learning within the modules and disciplines, and
to make their mastering not only holistic, but also synchronized.

In this context it is relevant to use the simulation advantages of Petri nets apparatus as for
the processes synchronization. Thus, it is necessary to cover in brief basics of Petri nets theory
as a framework for our approach to curriculum synchronization.

According to Murata [16], Barros and Gomes [17], Petri nets make a simulation formalism
with a graphical visualization and a determined syntax and semantics.

According to Murata [16], a Petri is defined as a two-partite oriented graph N=⟨𝑃, 𝑇,𝑅⟩,
where P={𝑃𝑖} is a set of graph vertices which are places and T={𝑇𝑖} is a set of vertices which
are transitions. R component determines a relationship between the vertices corresponding to
the arcs.

In a graphical representation of a Petri net, places (P) are indicated with circles, whereas
transitions (T) are indicated with bars. According to the rules of Petri nets theory, vertices
of the same type cannot be connected. In terms of real processes simulation, places usually
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simulate various states (conditions) of the process, whereas the transitions imitate the events
which happen within it.

The places can accept tokens which can move around the net via transitions. Disposition of
tokens in places is determined by the marking set M which assigns an integer number to each
place: M=⟨M(𝑝1), ..., M(𝑝𝑖)⟩, where i is a number of places of the net, and M(𝑝𝑖) is the number of
tokens in the place 𝑝𝑖. Thus, the amount of tokens and their disposition around the net control
the net execution [16].

Various markings of the Petri net characterize the states of the corresponding dynamic system
(process), and the dynamics of state changes is simulated by the movement of the tokens around
places. Net marking may be changed as its transitions are triggered. When a transition is
triggered, one token is deleted from each input place and is added to each output place.

The main facilities of Petri nets covered in a number of studies [16, 18], testify their advantages
to be effectively used for modeling of parallel and consequent processes.

In the context of educational processes simulation, we would like to emphasize some essential
Petri nets facilities which were used by the researchers in their works. In particular, the Petri
nets were applied for courses structuring in e-learning platforms which allowed to build optimal
learning paths for students [19, 20].

In addition, there were done the attempts to apply Petri nets simulation to synchronization
in automatic measurement systems [18]; to model students’ learning processes in e-learning
[21, 22] etc.

The techniques used in said research also made the theoretical framework of our Petri
nets-based approach to the modeling of synchronized curriculum.

3. Petri nets-based approach to the building of synchronized
curriculum

Basing on the covered theoretical framework, let us focus on key issues, starting with the
representation of the frames-based curriculum structure and its Petri nets-based modeling, and
ending with the characterization of obtained model of curriculum.

In our approach, the disciplines are composed by the frames uniting the LEs and represented
at the charts that specify the precedence between the LEs. As it is shown in figure 2 above, any
frame has inputs and outputs. Inputs can be interpreted as the LEs necessary for the student
to master in order to be able to learn the LEs of the frame. In similar way the outputs can be
interpreted regarding the other frames.

We can distinguish different types of the precedence relations for the inputs:

• 1 LE to 1 LE relation: the only requirement of the LE’s learning is the accomplishment of
one previous LE’s learning (within the frame or between the frames);

• 1 LE of K LEs of frame N to 1 LE of different frame M relation: a LE of the frame M has as
requirement the accomplishment of learning of one of K LEs of previous frame N (OR
precedence relation);

• The whole set of K LEs to 1: a LE of the frame M has as requirement the accomplishment
of learning of the set of K LEs of previous frame N (AND precedence relation).
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For the outputs, it is possible to set these kinds of relations:

• 1 LE to 1 LE relation: the LE is requirement to learning only one of the LE’s learning
(within the frame or between the frames);

• 1 LE to K LEs relation: the LE’s learning is precedent to a set of K LE’s learning.

Using these precedence relations, we can simulate LEs, frames (composed by the LEs) and
curriculum disciplines (composed by the frames) through Petri nets.

Each LE can be represented with a common Petri net, and can be considered as the basic
component to construct the discipline model. Petri net which simulates a LE mastering by the
student is given in the figure 3.

Figure 3: Petri net which simulates a LE mastering by the student.

The places P1–P4 of the Petri net (figure 3) represent here the states of LEs as for their
readiness to be learnt by students due to their precedence relations:

• the place P1 represents the state that LE is ready (available) to be mastered by a student,
according to its precedence relations;

• the place P2 represents the state while the student is mastering of the LE;
• the place P3 represents the accomplishment of the LE mastering;
• the place P4 represents the state when the LE is unavailable student not being able to

start the module.
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The transitions T1–T8 (figure 3) simulate the events of start of LE’s mastering; the process of
its learning, regarding the academic time and its availability due to its precedence relations;
and accomplishing the LE’s mastering.

There is always the only token in the net, which means that only one of the LEs states is true,
so only one of the places can be marked at a time (in the situation shown in figure 3, it is in P4).

At the next step of modeling, such Petri nets which simulate a LE mastering were used to
create a frame (course module) model. It was composed by a set of LEs’ models connected,
depending on their precedence relations determined above. This models (Petri nets) composition
was done by merging transitions T1 (LE is available to learn) of the dependent LE and T8 (LE is
ready to be continued) of the previous LE’s model.

Figure 4, a – c demonstrates three situations of adding the LEs models to compose a frame
(module) with regard to the said precedence relations:

• figure 4, a illustrates a 1 to 1 precedence relations where the fusion of the transition T1
of the previous LE with the transition T8 of the next LE is expected;

• figure 4, b presents a K to 1 precedence (AND precedence relation) where all the transitions
T8 of all previous modules and the transition T1 of the next LE will be merged;

• figure 4, c demonstrates a 1 of K to 1 precedence (OR precedence relation) where each
transition T8 of each previous LE will be merged with the transition T1 of the next LE.

Using the operations of Petri nets modifications (in particular, their fusion) defined in [17, 23]
and LEs connections of different types (depicted above), we could obtain a model of a curriculum
discipline module and finally – a curriculum discipline model.

These Petri nets models represent all the evolution of the LEs mastering by students in the
curriculum courses. It is essential to note that output transitions of each LE’s model can trig the
subsequent LE’s model only if the previous (in terms of precedence relation) one is accomplished.
It is guaranteed by the rules of Petri net execution and modifications.

We would like to remind here that in our technique of curriculum building (depicted in
figure 2) each discipline is represented by a frame with the nested other frames, which simulate
the disciplines modules involving the LEs along with their connections.

Thus, summarizing our approaches to the university courses modeling based on the frames
properties and Petri nets facilities, we would like to underline the following benefits in terms
of applying such a simulation to the building of synchronized curriculum for IT-specialists
training:

1. The built Petri nets allow to model the process of the LEs mastering by students in the
frames (discipline modules) and between them.

2. Petri nets facilities provide grouping LEs into the frames (modules) taking into account
precedence of their learning.

3. Facilities of frame-based model of knowledge representation provide spreading the set
links between the LEs within the module and between the modules of different curriculum
disciplines.

Thus, combining the applied properties of Petri nets modeling and AI models of knowledge
representation allow to obtain both holistic and synchronized university curriculum.
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Figure 4: LEs connections, according to different types of precedence relations.

We would like to emphasize special importance of such modeling of curriculum exactly for
pre-service IT-specialists’ training. The built and realized model allows to shape the family of
disciplines which are sensitive to the rapid changes in IT industry with immediate spreading of
renewed requirements to the specialists in these sphere throughout all of the modules and with
simultaneous preserving of the proper links. It is also provided the opportunity to mind the
disciplines evolution and appearing new ones with their including into the flexible curriculum
excluding the unnecessary repetition and academic time saving. The obtained curriculum with
our simulation is flexible to account both global acceptance and national educational contexts.
Thus, elaborated Petri nets-based mean for the curriculum simulation matches main guidelines
for building contemporary computing curriculum.

Such an approach to the curriculum modeling can be used in the software for automatic
creation of a holistic and synchronized curriculum, which makes prospects of our research.
Such a software will allow:

(1) to detect which proper LE and where has to be mastered;
(2) to trace the LEs which have been mastered and will be necessary for mastering other set of

LEs;
(3) to build individual study plan for students etc.
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4. Conclusions

The problems of synchronized curriculum shaping are discussed in the paper in the context of
the challenges of contemporary IT specialists’ training in terms of permanent evolution and
rapid expansion of computing.

The authors’ technique of the curriculum simulation based on Petri net applying is presented.
The theoretical framework which allowed us to elaborate the technique includes some

didactical fundamentals of curriculum design and academic disciplines structuring as well as
the theoretical basics of Petri nets in terms of their significant facilities for different processes
synchronization. The technique of academic disciplines structuring based on frame model of
knowledge representation is covered as a chain of stages which results in the net of disciplines
modules (frames) including the proper learning elements along with preserving and spreading
links between them.

In order to solve the problem of synchronization of the learning elements mastering through-
out the academic disciplines with regard of the established links in the frames, it is offered the
practically-driven approach to curriculum modeling based on Petri nets simulation.

The different types of the precedence relations for the learning elements (inputs and outputs
of the frames) were distinguished. Using these precedence relations, we managed to simulate
through Petri nets a learning element itself and the process of its mastering. Using the operations
of Petri nets modifications and learning elements’ connections of different types, we could
obtain a model of a curriculum discipline module and finally – a curriculum discipline model.

Built Petri nets models represent all the evolution of the learning elements mastering by
students in the curriculum courses. Synchronization of their mastering is guaranteed by the
rules of Petri net execution and modifications.

The peculiarities of the offered technique are analyzed. The benefits in terms of applying
such a simulation to the building of synchronized curriculum for IT-specialists training are
formulated.

The prospects of the research are outlined in the lines of using the obtained results for special
software development.
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Abstract
In this paper the algorithm for adaptive testing of students’ knowledge in distance learning and an
assessment of its effectiveness in the educational process has been proposed. The paper provides an
overview of the results of the application of modern test theory, a description and block diagram of the
proposed algorithm and the results of its application in the real educational process. The effectiveness
of using this algorithm for the objective assessment of students’ knowledge has been experimentally
shown.

Keywords
adaptive algorithm, Rasch model, Item Response Theory (IRT), information function of test item, latent
variables

1. Introduction

1.1. Problem statement

Modern approaches to assessing students’ academic achievements are based on the use of
classical testing theory and Item Response Theory (IRT). The mathematical background of
pedagogical measurement theory was created by Andersen [1, 2], Andrich [3], Avanesov [4],
Birnbaum [5], Guttman [6], Linacre [7], Lord et al. [8], Maslak et al. [9], Masters [10], Rasch
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[11] and other scientists. In IRT, the concept of a latent variable is used. The term “latent
variable (parameter)” is usually understood as a theoretical concept that characterizes a certain
hidden property or quality (for example, the level of students’ ability, the difficulty of the test
task), which cannot be directly measured. The advantages of the classical testing theory are
the provision of information about the indicators of the knowledge quality of the subjects, the
clarity of the performed calculations and the simple interpretation of the processing data. The
main disadvantage is the dependence of the results of evaluating the participants’ parameters
on the difficulty of the proposed tasks. Application of IRT, based on Rush’s models, provides
the possibility of the evaluation independence of the latent parameter “ability level” calculated
values of participants 𝜃𝑖 from the values of the “item difficulty” 𝛽𝑖. This helps to increase the
objectivity of the obtained assessments of the students’ ability level and allows to build effective
algorithms for assessing knowledge.

The purpose of this paper is to develop an algorithm of adaptive testing for objective assess-
ment of students’ knowledge in distance learning, which becomes especially relevant in the
quarantine of COVID-19.

1.2. State of arts and review

The educational standards of the new generation are based on a competency-based approach to
assessing the quality of a student’s training, when it is not his knowledge that is tested, first of
all, but his readiness to apply it in practice and to act productively in a non-standard situation,
the ability to create the required mode of action. Therefore, the quality of training is understood
as the degree of the student’s readiness to demonstrate the relevant competencies.

The generalization of the world experience in the implementation of the competence-based
approach to assessing learning outcomes allows us to make the following conclusions that
determine the main approaches to assessing the level of competence mastery, the main of which
are the following:

• competencies are dynamic, since they are not an invariable quality in the structure of
a pupil’s personality, but are able to develop, improve or completely disappear in the
absence of an incentive to manifest them. Therefore, we can talk about the level of
competence, assess it quantitatively, and monitor it.

• when assessing learning outcomes, it is necessary to consider them in dynamics, which
requires diagnostics of the educational process using monitoring procedures.

• the level of possession of a competence is a hidden (latent) parameter of the pupil and
direct measurement is not amenable. It can be estimated with a certain probability.
Therefore, when evaluating it, a probabilistic approach should be used.

It follows from this that in order to create tools for the automated assessment of the learning
outcomes, it is necessary, first of all, to solve two problems:

1) develop theoretical and methodological foundations for modeling and parameterization of
the learning process and the diagnostic tools used to evaluate its results;

2) theoretically substantiate and implement software-algorithmic means for processing the
results of participants’ diagnostics (testing, questionnaires), as well as tools for assessing
learning outcomes and the quality of diagnostic tools.
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The theoretical and methodological basis for solving these problems was the study results,
first of all, by Brown [12], Cronbach [13], Guilford [14], Gulliksen [15], Guttman [6], Kuder and
Richardson [16], Luce and Tukey [17], Lord et al. [8], Sax [18], Spearman [19]. They developed
the theoretical foundations for the creation of diagnostic materials and the classical approach
to processing, analysis and interpretation of diagnostic results: the conceptual apparatus of the
classical test theory , criteria and indicators of the quality of diagnostic tools, methodological
basics of their design and quality expertise. The issues of scaling and comparison of processing
data have been deeply investigated.

The theoretical basis for the creation of tools for automatic assessment of the results of the
educational process has received its further development due to the creation of the IRT (Item
Response Theory), the foundations of which are set out by Andrich [3, 20], Bezruczko [21], Bond
and Fox [22], Bond et al. [23], Eckes [24], Fischer and Molenaar [25], Andrich et al. [26], Ingebo
[27], Kim and Baker [28], Lazarsfeld [29], van der Linden and Hambleton [30], Lord [31], Luce
and Tukey [17], Perline et al. [32], Smith and Smith [33], Rasch [11], Wilson [34], Wright
[35], Wright and Masters [36], Wright and Stone [37], Wright and Linacre [38].

2. Algorithm of adaptive testing based on Rasch model

Adaptive testing is a type of testing in which the order of presentation of test items and
the difficulty of the next task depends on the participant’s answers to previous items. The
basis of adaptive testing systems are statistical models. Very easy and very difficult tasks are
automatically uninformative. Therefore, for most tests, the optimal level of difficulty is the item,
to which the correct answer is given by about half of the test participants.

The difficulties of the test items is determined experimentally, and the measurement process
consists of determining the percentage of participants who are able to give the correct answer
to the task in previous experiments.

The problem of developing adaptive algorithms has been considered by Al-A’ali [39], Weiss
[40, 41].

The Rush model was used to construct the adaptive testing algorithm. This model is defined
by formulas:

𝑃𝑛𝑖 =
exp(𝜃𝑛 − 𝛽𝑖)

1 + exp(𝜃𝑛 − 𝛽𝑖)
(1)

where 𝑃𝑛𝑖 is the probability that the participant 𝑛, 𝑛 = 1, . . . , 𝑁 with the ability 𝜃𝑛 correctly
performs the task 𝑖, 𝑖 = 1, . . . , 𝐼 , with the difficulty 𝛽𝑖. To start the algorithm it is necessary to
determine the initial levels of difficulties. To this end, at the beginning of the testing session
the accumulation of primary information about the level of preparation of the participant is
carried out. To do this, participant receive 𝑁𝑝 tasks with an average level of difficulty. Tasks
to determine the initial level of the participant are chosen by the teacher. Then, using the
received answers, the initial estimation of the ability level of the student is calculated, and also
recalculation of the difficulty level current values of test items is carried out.

The initial assessment of the ability level of the 𝑖-th student (in logs) is based on the formula:

𝜃0𝑖 = ln

(︂
𝑝𝑖
𝑞𝑖

)︂
, 𝑖 = 1, 2 · · ·𝑁, (2)
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where 𝑁 is the number of test participants, 𝑝𝑖 is the proportion of correct answers of the 𝑖-th
participant to all tasks, 𝑞𝑖 is the proportion of incorrect answers (𝑞𝑖 = 1− 𝑝𝑖).

The difficulty level of test items in logs is determined by the formula:

𝛽0
𝑗 = ln

(︂
𝑞𝑗
𝑝𝑗

)︂
, 𝑗 = 1, 2 · · ·𝑀, (3)

where 𝑀 is the number of test items, 𝑝𝑗 is the proportion of correct answers of all participants
to the 𝑗-th test item, 𝑞𝑗 is the proportion of incorrect answers.

At the next stage, the initial values in the logs of the ability level of participants 𝜃0𝑖 and the
initial values in the logs of the difficulty level of the test item 𝛽0

𝑗 are reduced to a same interval
scale [8]. The formula for such transition is based on the idea of reducing the impact of the
items difficulty on the assessments of test participants.

Pre-calculating the average value of the initial logits of the students’ ability level

𝜃 =

𝑁∑︀
𝑖=1

𝜃0𝑖

𝑁

and the standard deviation 𝑉 of the initial values distribution of the parameter 𝜃

𝑉 2 =

𝑁∑︀
𝑖=1

(︀
𝜃0𝑖 − 𝜃

)︀2
𝑁 − 1

,

we obtain a formula for calculating the dofficulty level logit of the 𝑗-th item

𝛽𝑗 = 𝜃 + 𝑌 · 𝛽0
𝑗 , 𝑗 = 1,𝑀, (4)

where

𝑌 =

√︂
1 +

𝑉 2

2.89

Similarly, calculating

𝛽 =

𝑀∑︀
𝑗=1

𝛽0
𝑗

𝑀
, 𝑊 =

⎯⎸⎸⎸⎷ 𝑀∑︀
𝑗

(︁
𝛽0
𝑗 − 𝛽

)︁2

𝑀 − 1

we get the formula for calculating the ability level logit of the 𝑖-th student:

𝜃𝑖 = 𝛽 +𝑋 · 𝜃0𝑖 , 𝑖 = 1, 𝑁, (5)

where 𝑋 =
(︁
1 + 𝑊 2

2.89

)︁ 1
2 .

The obtained values allow to compare the level of students’ ability with the level of test
item difficulty. If 𝜃𝑖 − 𝛽𝑗 is a negative quantity and is large in modulus, then the problem of
difficulty 𝛽𝑗 is too difficult for a student with the ability level 𝜃𝑖, and it will not be useful for
measuring the level of knowledge of the 𝑖-th student. If this difference is positive and large in
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modulus, then the task is too easy, it has long been mastered by the student. If 𝜃𝑖 = 𝛽𝑗 , then
the probability that the student correctly completes the task is equal to 0.5.

The information function of the 𝑖-th problem for the Rush model (1) 𝐼𝑖(𝜃) is defined as the
product of the probability of the correct answer 𝑃𝑖(𝜃) to this problem on the probability of the
incorrect answer 𝑄𝑖(𝜃) [8]

𝐼𝑖(𝜃) = 𝑃𝑖(𝜃) ·𝑄𝑖(𝜃) (6)

Figure 1 shows the information function of the 𝑖-th item.

Figure 1: Information function of the test task.

Figure 1 shows that the test item, the answer to which all students know, does not provide any
information, as well as the item, the answer to which no one knows. We get useful information
when some participants know the answer to the task and some do not.

The information function of the test is calculated as the sum of the information functions of
the test items [8]:

𝐼(𝜃) = 𝐷2 ·
𝑀∑︁
𝑗=1

𝐼𝑗 (𝜃) (7)

where 𝐷 is the correction factor (𝐷 = 1.7), necessary to approximate the distribution of logistic
probability to the law of normal distribution.

After calculating the information function, the measurement error 𝑆𝐸 is calculated, the value
of which is used to check the condition of the end of the test procedure. In the Rusch model,
the measurement error depends on the level of training 𝜃 and is calculated by the formula [8]:

𝑆𝐸(𝜃) =
1√︀
𝐼(𝜃)

(8)

If the error takes a value less than the threshold set by the teacher, the adaptive testing
algorithm ends. Otherwise, the following test task is selected. To select the next task, use
the value of 𝜃𝑖, calculated by formula (5). The next task is the one whose difficulty level is
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closest to the current assessment of the ability level of the participant. This task has the largest
information contribution and its choice reduces the total number of required test tasks.

Thus, the developed adaptive testing algorithm consists of the following stages:

1. Selection of 5 tasks of average difficulty from the bank of questions, which is determined
by the teacher.

2. Finding the initial level of student’s ability 𝜃0𝑖 and the initial difficulty level of items 𝛽0
𝑗

by formulas (2) and (3).
3. Reduction of the obtained initial values 𝜃0𝑖 and 𝛽0

𝑗 to a single interval scale using formulas
(5) and (4).

4. Calculation of the information function of test tasks to which the student answered by
formulas (6) and (7).

5. Finding the measurement error by the formula (8).
6. If the measurement error is less than the threshold, the adaptive testing is completed.
7. If not, then the next task is selected from the condition |𝜃𝑖 − 𝛽𝑗 | = min.
8. Then the algorithm is repeated starting from point 3.

The block diagram of the algorithm is shown in figure 2.

3. Results

Let us consider the procedure for calculating the parameters of student ability level 𝜃𝑖 and
item difficulty parameter 𝛽𝑖 from empirical data. As initial data we will take results of testing
of students in Moodle system on discipline “Higher Mathematics” of the Mathematics and
Modeling Departement of the Donbass State Engineering Academy (Table 1). Table 1 shows the
records of the first 10 test participants. A total of 50 participants took part in the testing.

Table 1
Test results in the Moodle system in the discipline “Higher Mathematics” of the Mathematics and
Modeling Department of the Donbass State Engineering Academy

Participant’s number Score Number of correct answers 𝑝𝑖 𝑞𝑖 𝜃0𝑖

1 90 18 0.9 0.1 2.197225
2 75 15 0.75 0.25 1.098612
3 85 17 0.85 0.15 1.734601
4 100 20 1 0 ∞
5 75 15 0.75 0.25 1.098612
6 100 20 1 0 ∞
7 90 18 0.9 0.1 2.197225
8 90 18 0.9 0.1 2.197225
9 70 14 0.7 0.3 0.847298
10 85 17 0.85 0.15 1.734601

The test in this discipline consisted of 20 questions. First, it is necessary to calculate the
proportions of correct 𝑝𝑖 and incorrect 𝑞𝑖 answers of participants. These values are calculated
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Figure 2: Block diagram of the adaptive testing algorithm.

by formulas

𝑝𝑖 =
𝑅𝑖

𝑁
, 𝑞𝑖 = 1− 𝑝𝑖, (9)

where 𝑅𝑖 is the number of correct answers for the 𝑖-th test item, = 1, 2, ..., 𝑛, and 𝑛 is the
number of items in the test.

For example, for the first participant of testing we have

𝑝1 =
18

20
= 0.9 𝑞1 = 1− 0.9 = 0.1

The values 𝑝𝑖 and 𝑞𝑖 are given in columns 3 and 4 of table 1.
Next, calculate the initial values 𝜃01 of the ability level of participants by formula (2). For the

first participant we have

𝜃01 = ln
0.9

0.1
= 2.197
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Using the statistical module Moodle, the following characteristics were obtained for test tasks:
facility index(F), standard deviation (SD), random guess score (RGS), intended weight, effective
weight, distinction, distinction efficiency. These data are shown in table 2.

Table 2
Statistical characteristics obtained using the statistical module of the Moodle system based on the
results of final testing in the discipline “Higher Mathematics”

Q# F SD RGS Intended weight Effective weight Distinction Distinguishing efficiency

1 98.00% 14.14% 33.33% 5.00% -11.54% -28.62%
2 94.00% 23.99% 33.33% 5.00% 3.41% 6.93% 11.28%
3 90.00% 30.30% 16.67% 5.00% 6.75% 44.07% 65.85%
4 94.00% 23.99% 20.00% 5.00% 4.66% 22.91% 39.11%
5 96.00% 19.79% 20.00% 5.00% 3.34% 11.72% 23.66%
6 90.00% 30.30% 14.29% 5.00% 3.18% -1.53% -2.22%
7 92.00% 27.40% 14.29% 5.00% 6.32% 43.38% 70.79%
8 84.00% 37.03% 20.00% 5.00% 6.48% 26.08% 35.44%
9 88.00% 32.83% 20.00% 5.00% 5.32% 17.26% 23.76%
10 74.00% 44.31% 20.00% 5.00% 9.75% 68.31% 84.84%
11 98.00% 14.14% 20.00% 5.00% 2.85% 14.64% 35.69%
12 100.00% 0.00% 16.67% 5.00% 0.00%
13 94.00% 23.99% 33.33% 5.00% 4.93% 27.00% 45.87%
14 90.00% 30.30% 33.33% 5.00% 5.51% 23.81% 34.88%
15 88.00% 32.83% 25.00% 5.00% 5.32% 17.26% 23.76%
16 90.00% 30.30% 33.33% 5.00% 5.51% 23.81% 33.33%
17 42.00% 49.86% 20.00% 5.00% 5.23% -2.60% -3.57%
18 80.00% 40.41% 33.33% 5.00% 8.11% 45.46% 56.25%
19 56.00% 50.14% 20.00% 5.00% 7.01% 13.80% 17.23%
20 82.00% 38.81% 20.00% 5.00% 6.32% 21.10% 27.68%

Based on the data in table 2, we can estimate the initial values of the item difficulty parameter.
By formula (3) for the first problem we obtain

𝛽0
1 = ln

2

98
= −3.891

The results of calculations of the initial values of the item difficulty parameter are given in
table 3.

As can be seen from table 3, all participants in the quiz answered the 12th item, so the score
was equal to infinity with a minus sign. But practically at 𝛽 >− 6 the probability value 𝑃𝑖 (𝛽)
close to one. These items are performed by all participants and they become redundant. Items
with 𝛽 >6 are also useless. Such items will not be overcome by any participant and they do not
carry any information about differences in the students’ ability levels.

In tables 1 and 3, the parameter values 𝜃0𝑖 and 𝛽0
𝑖 are on different interval scales. In order to

reduce them to a single scale of standard estimates, it is necessary to calculate the variances 𝑉 2

and 𝑊 2 using the data from tables 1 and 3. Infinite data are excluded from consideration.
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Table 3
Initial values 𝛽0

𝑖 of the item difficulty parameter

Q# Progress 𝑝𝑖 𝑞𝑖 𝛽0
𝑖

1 98.00% 0.98 0.02 -3.89182
2 94.00% 0.94 0.06 -2.75154
3 90.00% 0.90 0.10 -2.19722
4 94.00% 0.94 0.06 -2.75154
5 96.00% 0.96 0.04 -3.17805
6 90.00% 0.90 0.10 -2.19722
7 92.00% 0.92 0.08 -2.44235
8 84.00% 0.84 0.16 -1.65823
9 88.00% 0.88 0.12 -1.99243
10 74,00% 0.74 0.26 -1.04597
11 98.00% 0.98 0.02 -3.89182
12 100.00% 1.00 0.00 -∞
13 94.00% 0.94 0.06 -2.75154
14 90.00% 0.90 0.10 -2.19722
15 88.00% 0.88 0.12 -1.99243
16 90.00% 0.90 0.10 -2.19722
17 42,00% 0.42 0.58 0.322773
18 80.00% 0.80 0.20 -1.38629
19 56,00% 0.56 0.44 -0.24116
20 82.00% 0.82 0.18 -1.51635

Calculating the variance, we obtain

𝑉 2 =

∑︀𝑁
𝑖=1

(︀
𝜃0𝑖 − 𝜃

)︀2
𝑁 − 1

= 0.634,

𝑊 2 =

∑︀𝑀
𝑗

(︁
𝛽0
𝑗 − 𝛽

)︁2

𝑀 − 1
= 4.873

Next, we calculate the angular coefficients [8]:

𝑌 =

√︂
1 +

𝑉 2

2.89
= 1.104

𝑋 =

√︂
1 +

𝑊 2

2.89
= 1.63

Next on the formulas
𝜃𝑖 = −2.103 + 1.104𝜃0𝑖

𝛽𝑖 = 1.86 + 1.63𝛽0
𝑖

calculate the scaled values 𝛽𝑖 and 𝜃𝑖.
In tables 4 and 5 scaled parameter values are provided.
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Table 4
Scaled values of item difficulty parameter 𝛽𝑖

Q# 𝛽0
𝑖 𝛽𝑖

1 -3.89182 -4.48367
2 -2.75154 -2.625
3 -2.19722 -1.72148
4 -2.75154 -2,625
5 -3.17805 -3.32023
6 -2.19722 -1.72148
7 -2.44235 -2.12103
8 -1.65823 -0.84291
9 -1.99243 -1.38766
10 -1.04597 0.155071
11 -3.89182 -4.48367
13 -2.75154 -2,625
14 -2.19722 -1.72148
15 -1.99243 -1.38766
16 -2.19722 -1.72148
17 0.322773 2.386121
18 -1.38629 -0.39966
19 -0.24116 1.466906
20 -1.51635 -0.61165

Table 5
Scaled values of the ability level 𝜃𝑖

Participant’s number 𝜃0𝑖 𝜃𝑖

1 2.197225 0.322736
2 1.098612 -0.89013
3 1.734601 -0.188
5 1.098612 -0.89013
7 2.197225 0.322736
8 2.197225 0.322736
9 0.847298 -1.16758
10 1,734601 -0.188

The sum of the scaled difficulty levels of test items is -27.93.
This means that the test items are very easy. This test is not balanced, it contains a lot of easy

items. It is necessary to strive to ensure that this amount is close to zero. Thus, the assessment
of latent parameters allows to determine noninformative items that should be excluded from
the quiz. The use of the developed adaptive algorithm will allow to objectively assess the level
of students’ knowledge.

The graph of the information function of test items and the test as a whole, defined by
formulas (6) and (7), is shown in figure 3.

Figure 3 shows that the information function has one clearly expressed maximum. This is a
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Figure 3: Information functions of the test and test items.

sign of a “good” test. However, it can be seen that the test contains a lot of easy test items with
difficulties in the interval (-3; -2), which can be excluded from the test. Also in the test there are
many easy tasks with the same difficulties, which can also be excluded from the test without
violation of its information content. However, the more difficult tasks (with difficulties of 1-2
logits) are clearly not enough in the test, so it is necessary to add more complex tasks.

The graph of the measurement error, depending on the level of training, is shown in figure 4.
It can be seen from the graph that the measurement error is large for the values of the ability

in the interval (2,4), which is associated with the lack of test items of increased difficulty.

4. Discussion

The purpose of this paper was to automate the process of testing students’ knowledge, which is
especially relevant for distance learning. To achieve this goal, an adaptive testing algorithm
based on the Rush model was proposed and the modeling of the students’ knowledge assessment
process using this algorithm was carried out. The results of testing their knowledge in the
course “Higher Mathematics” obtained in the Moodle system were taken as the initial values of
the tasks complexity and the levels of the students’ ability.
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Figure 4: Measurement error graph.

As a result of modeling, the levels of students’ abilities were recalculated, the information
functions of the test tasks and the entire test as a whole were built, the standard measurement
error was calculated, depending on the student’s ability level. The analysis of the obtained
results allows us to conclude that the test is not balanced, contains too many easy tasks. In
this case, these are tasks with numbers 1, 3, 11. Removing them from the test will reduce the
number of test items and speed up the process of determining the student’s level of training. A
change in the assessment of the student’s ability level as a result of testing indicates the need
to introduce an adaptive testing system into the educational process, which will improve the
quality of assessment of student knowledge.

These conclusions are confirmed by the works of other authors. So, Al-A’ali [39] shown that
the use of adaptive testing based on IRT made it possible to reduce the number of test tasks and
increase the reliability of determining the level of student readiness. The effectiveness of the
use of adaptive testing to improve the quality of pedagogical measurements is evidenced by
Weiss [40, 41].
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5. Conclusions

As a result of this work, the following results were obtained:

1. An algorithm of adaptive knowledge assessment based on the IRT approaches was pro-
posed. This algorithm consists of an initial assessment of the difficulty level of test items
and students’ abilities, scaling of these parameters, selection of the next question based
on minimizing the module of their difference and estimation of the measuring error of
the knowledge level by the information function of the proposed question.

2. The test parameters were evaluated on the basis of IRT theory, which identified non-
informative test questions that should be excluded from the set of test items.

The results of the study showed the effectiveness of using IRT to assess knowledge.
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Abstract
Nowadays, there is a wide variety of scientific articles. Due to this fact, it is hard to read and be familiar
with all of them. Also, it is hard for a young scientist to understand the complicated terms and methods that
are used in a specific research domain. This problem was partially solved by bibliographic management
software and other specific software. This article is devoted to the development of an approach for
structuration and processing sets of studies using the IT Platform Polyhedron using an ontology-based
hierarchical model. In its structure, the ontological graph is complex because it has additional branches
from child nodes. The basis of our solution was IMRAD which has been represented in the view of
nodes. Those nodes have been connected with specific representations of IMRAD elements. Specific
articles have been represented in the view of leaf nodes. That could help to use the taxonomies for the
structuration of the articles. Each data block is in the form of separate attributes of the ontological node.
The proposed solution allows to obtain structured sets of studies and to separate their characteristics.
Thus, the proposed ontology provides the possibility to view all methods, measured parameters, etc. of
the studies in a graph node structure and use them to find the studies where they were used.

Keywords
cognitive IT-platform Polyhedron, ontology, ontological tool, scientific studies, scientific reports, learning
environments

1. Introduction

Usage of information technologies (IT) in various fields of research activities and the capa-
bility of software support in science to automatically classify and structure information, e.g.,
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in publication data, becomes increasingly important. Nowadays, there are huge amounts of
research data available that isn’t structured, e.g., publications, presentations, etc. It is com-
plicated for young researchers and scientists to use such large amounts of publication data.
During the research process, young scientists are looking for, e.g., examples of research methods
and parameters. However, this task is challenging at their early stage of the scientific career.
Such literature search and analysis problems (e.g. state of art analysis) are challenging for
every scientist (including youth, school researchers) during the process of preparing papers
and reports. For instance, according to Lens.org, the number of articles on biogas in 2002 was
approximately 134, then in 2014, the number grew up to almost 1164, as shown in figure 1.

Figure 1: Dynamic of the number of the papers on biogas.

So, it seems relevant to provide a solution that can simplify processing and informa-
tion/knowledge extraction in scientific publications. There are two hypotheses in our study.
The first one is about structuring and digitalization of the data, which can simplify finding the
details about the research method. The second one is about structuring the results of previous
studies, which can be represented as data of the informational system. Previously, this goal was
partially achieved using metadata for data processing. In this paper we further contribute with
a semantic ontology and more expressive semantic metadata approach.

1.1. Using metadata to provide data management in science publications

To support publication data management, it is relevant to use metadata about each paper. This
metadata represents the data about the publication. In this case, relevant information about
each specific publication can be represented by the metadata. Metadata can include, e.g., contact
information, year of publication, author details, instrument and protocol information, survey
tool details and much more [1].
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For instance, reference management software maintains a database of articles and creates
bibliographies and reference lists for the written works. This software simplifies the record of
metadata. There are several popular reference management software, for example, Refworks,
Mendeley, EndNote and Zotero [2, 3, 4, 5]. All of these managers can save profiles, build a
database of citations, save PDF files and extract metadata from them, import references from
library catalogues, websites, and other citation managers [6, 7, 8].

However, these systems only use limited metadata vocabularies without expressive semantic
models. For instance, such systems do not support metadata concepts such as “Results”, “Mate-
rials and methods”, “References” etc. All these systems do not provide a systematic approach,
they are not completely semantically structured and not hierarchical.

1.2. Methods for automatic literature review processing

There are existing different types of metadata information that we can use to structure the
articles, for example, by the relation to source, by the function, by the purpose, by the language,
by the time:

• By the “Relation to Source”: During this method, the user defines the type of text that
can be included in a classification program. A classification that is composed of extracts
having exact sentences of a source document is known as an extractive summary. That is
the simplest type of classifier.

• By the “Function”: with this method, user can use any helpful and relevant information
from source documents, for example, an abstract of a scientific article or the reviewers’
opinion on the quality of work.

• By the “Purpose”: This method structures the article by its purpose or main idea. The user
needs to write down the general-purpose or sense of the text in the program by himself.

• By the “Language”: A classifier can be monolingual or multilingual. The monolingual
classifier uses only one language and produces an output classification in the same lan-
guage as the input document whereas, the multilingual classifier uses multiple languages
and gives an output classification in one of the languages from the input document.

• By the “Time”: It is possible to arrange the articles by the time of their publication. To do
so, the user must enter the publication date of the article in the system, then the system
will arrange the article in an appropriate section.

In our opinion, there is a lack of methods that we can use for the structurization of scientific
articles. Also, it is necessary to add “By the Results” and “By the methods” methods.

• “By the Results” this method structures the article by its results or conclusions. The user
needs to write down the outcomes or verdicts of the text in the program by himself.

• “By the Methods” this method structures the article by the scientific methods or experi-
ments that are used in the essay.

Considering that most of the articles have a typical IMRAD (Introductions, Methods, Results,
Abstract, Discussion) structure, it seems advisable to build an algorithm that uses data of many
specific articles to create ontological graphs, that can be integrated in specialized educational
environments for young scientists.
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1.3. Instruments for creation of ontology-based learning environments

A learning environment is a diverse platform where users engage and interact to learn new
skills. While learners can learn in various settings, the term typically refers to a digital alterna-
tive for the traditional classroom. To improve learning efficiency and adaptability, formalized
information resources that provide a high degree of structuring should be used in learning.
An ontological approach could support this. The ontological approach provides a holistic and
systematic approach to the study of various information sources and a specific subject domain,
ensures the conceptualization and taxonomization of terms within the subject area and the exis-
tence of relationships between the terms of different subject areas to ensure multidisciplinarity.
Computer ontologies are one of the effective mechanisms for ensuring a stable digital learning
environment.

In recent years significant progress was made in developing ontologies. In this article, an
“ontology” is a term that means a software or web system that consists of nodes with data. All
ontology nodes are arranged in a specific hierarchical order, often referred to as an ontological
tree or ontological graph. The node from which all branches start is called the root node. The
other nodes are called subsidiaries.

One of the most perspective solution, in our opinion, is ontologies [9]. For example, we can
use hierarchies with multicriteria techniques during the classification of metadata of various
articles. Ontologies aim to capture the domain knowledge in a general way and ensure a
common understanding of the domain.

IsaViz is a virtual environment for viewing and creating RDF models in the view graphs.
IsaViz imports RDF/XML and N-Triples, and exports RDF/XML. Apollo is the program for
modelling knowledge systems. Apollo knowledge system base consists of hierarchically or-
ganized ontologies that can be inherited from other ontologies. SWOOP contains OWL (Web
Ontology Language) validation and offers various. OWL presentation syntax views. At SWOOP,
Ontologies can be compared, edited, and combined. Protégé 3.5 is a knowledge-based ontology
editor that provides a graphical user interface. It ensures better flexibility for metamodelling,
enables the construction of domain ontologies.

1.4. Ontological problems

Nowadays most of the common systems (such as Mendeley, Scopus etc.) provide support
for displaying of data but not for comparison and providing search functions. Also, given
that articles in the same domain have the same indicators, the metadata of the results can be
represented as ontology node attributes and then processed.

Previously, ontological graphs were used to systematize scientific articles [9, 10, 11, 12, 13].
Systematization and structuring in such ontological systems were based on different approaches
such as using of scientific article recommendation system [10], a scientific articles tagging system
[11], machine learning and automatic summarization [9]. None of the proposed ontological
approaches [9, 10, 11, 12] can’t provide a decent level of structurization and systematisation.

We have proposed to use the cognitive IT platform Polyhedron [14] for this aim. The
core of the Polyhedron system consists of advanced and improved functions of the TODOS
IT platform [14] described in previous works. The Polyhedron is a multiagent system that
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provides transdisciplinary and interactivity in any study [15]. Besides, cognitive IT-platform
Polyhedron contains a different variety of special functions like auditing [15, 16, 17], semantic
web, information systematization and ranking [18] transdisciplinary support [19], internal
search [20], and have all advantages of ontological interface tools [16, 21]. Due to active states
are hyperratio plural partial ordering [19, 22], cognitive IT-platform Polyhedron is an innovative
IT technology of ontological management of knowledge and information resources, regardless
of the standards of their creation.

The proposed solution can be used with other applications in the field of structuration studies
like a virtual educational experiment, provide STEM approach in education [14, 23], using the
technology of augmented reality education [24, 25], educational and scientific environments
[14, 20].

2. Materials and methods

2.1. Ontology creation mechanism

The proposed research is based on approach that was proposed before [26], but it provides
management and structuring of set of the studies, not single. To create ontologies in cognitive
IT-platform Polyhedron, Google Sheets are used to collect and structure the information (see
example in figure 2). The sheets with study report data (structure file and numeric/semantic data
file) are downloaded and saved in .xls format. The data was separated with expert involving and
based on principle that researches of same field have similar input and resulting characteristics.
Same is relevant to field of anaerobic digestion [27, 28] that was taken as example to provide
structuring and processing using proposed method. The files are loaded to editor.stemua.science
to provide graph generation (a part of the cognitive IT platform Polyhedron). After that, the
generation of the graph nodes (in .xls) with its characteristics using structure file is carried out.
The obtained graphs are saved in .xml format and located in the database. The graphs are filled
by semantic and numeric information for ranking or filtering. Ontological nodes are formed
using predicate equations.

2.2. Description of the works were used to demonstrate the structuration
mechanism

To demonstrate the structuring of the educational study reports, a master thesis of the National
University of Food technologies “Development a method for utilization of anaerobic digestion
effluent at LLC Vasylkivska Poultry Farm” (in further – report “A”) and a study report prepared
for the defence of an educational study in the Junior academy of sciences of Ukraine scientific
competition “Development a method for utilization of anaerobic digestion effluent” (in further –
report “B”) are used as input data. Two ontologies have been built, the structure of which dupli-
cates the content of the study reports. All numeric data was separated to provide information
processing and to provide integration between those works. Their titles have used as the parent
node for the ontological graphs. All ontological graphs in the cognitive IT platform Polyhedron
have been linked to each other by the mechanism of internal search. Further scientific studies
will be linked in the graphs by edges (links) to provide better connection.

47



Figure 2: Google sheet with data.

2.3. Ranking tools

Study reports “A” and “B” were also compared with each other by the following criteria: “Short-
term economic perspective”, “Long-term economic prospects” using the ranking tool. For
creation of the ranking ontologies have been used by the module “Alternative” which is described
in previous works [18, 29]. The nodes of the graph have been filled with semantic data grouped
in semantic classes. The ranking uses grade scale from one to ten point to underline the
importance coefficient.

2.4. Auditing tools

To provide an audit, the “standard” graph (with which the comparison is done) and the “com-
parison” graph (which is compared with the “standard”) have been created. The “standard”
ontology graph contains the data on hypotheses, subjects, objects of study, keywords, and other
parameters, of the studies reports done before. For the “standard” graph, each parameter was
presented in a separate node. The content of this ontological graph “standard” is updated and
supplemented constantly.

The nodes of the “comparison” graph have been presented with the names of the works which
need to be audited with the “standard” graph. The parameters of the work used to audit with
the “standard” graph have been located in the metadata of each separate node. The metadata
type names were identical to the names of the nodes of “standard” graph to provide interaction
between graphs.
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3. Results

3.1. Model of creation ontology to systemizing

As was noted before, IMRAD is widely used to prepare research and science papers. It is possible
to provide structuration by the usage of IMRAD components as parent nodes. So, the parent
nodes can be represented by Introduction, Methods, Results and Discussion. The discussion
part can’t be easily structured by an ontology. The most contractionary part that it contains
are the analysis and the comparison of the obtained data by the researcher. Specific parts of
IMRAD will be used as branch nodes, and the study will be used as a leaf node. So, the general
structure of the ontology that structures the research data is represented as:

𝑅𝐸𝑃 ∈ {𝐼,𝑀,𝑅, 𝑃} (1)

where 𝑅𝐸𝑃 – set of reports, 𝐼 – sets of Introduction of all study, 𝑀 – set of Methods of all
study, 𝑅 – set of Results of All study, 𝑃 – instruments of processing of the results of set of
studies discussions.

To provide better systematization we have split the introduction into two different parts –
basic metadata and literature review:

𝐼 = ⟨𝐵𝑀𝐷,𝐿𝑅⟩ (2)

where 𝐵𝑀𝐷 – is a set of basic metadata of study, 𝐿𝑅 – a set of Sourses used for Literature
Review.

The basic metadata node of the study is linked with the graph’s leaf nodes that characterized
basic data on the study such as hypothesis, object, subject, practical value, and scientific novelty,
etc. So, the nodes of the report’s basic metadata of the study can be presented as a further
equation:

𝐵𝑀𝐷 = ⟨𝐻,𝑂, 𝑆, 𝑃𝑉, 𝑆𝑁⟩ (3)

where 𝐻 – hypothesis or hypotheses of each specific study; 𝑂 – object of the study of each
specific study; 𝑆 – subject of the of each specific study; 𝑃𝑉 – practical value of each specific
study; 𝑆𝐶 – scientific novelty of each specific study.

The main advantages of using such a structure are that some parts of the introduction
materials and methods and results (measured parameters) of study (reports) can coincide. A
few specific studies that coincide will be linked by nodes (in case of methods and results) or
by classes of data (in case of keywords or scientific novelty) due to using the same subnodes
of the ontology. Let’s represent each work as a set of the Introduction, Methods, Results, and
Processing of the data (Discussion):

𝑅𝐸𝑃𝐼 = ⟨𝐼𝐼 ,𝑀𝐼 , 𝑅𝐼 , 𝑃𝐼⟩ (4)

𝑅𝐸𝑃𝐼𝐼 = ⟨𝐼𝐼𝐼 ,𝑀𝐼𝐼 , 𝑅𝐼𝐼 , 𝑃𝐼𝐼⟩ (5)

So, these studies can be integrated in a single ontology using IMRAD:

𝑂 = ⟨𝑆𝐼 , 𝑆𝐼𝐼⟩ = ⟨𝐼𝐼 ,𝑀𝐼 , 𝑅𝐼 , 𝑃𝐼 , 𝐼𝐼𝐼 ,𝑀𝐼𝐼 , 𝑅𝐼𝐼 , 𝑃𝐼𝐼⟩ (6)
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The same approach will be applied to each element of the IMRAD structure study. Generally,
it can be represented as:

𝑀 = (𝑅𝐸𝑃𝑖) =
𝑛∑︁
𝑖

𝑀𝐼 (7)

where 𝑀𝑖 – every separated scientific method.
In a different study, a different set of methods can be used. However, some of them can

coincide. Thus, set of methods used in two different study may be represented as:

𝑀 = (𝑅𝐸𝑃𝐼) = {𝑀𝑎,𝑀𝑏,𝑀𝑐,𝑀𝑑} (8)

𝑀 = (𝑅𝐸𝑃𝐼𝐼) = {𝑀𝑏,𝑀𝑑,𝑀𝑓} (9)

And, so, 𝑀𝑏 coinciding to both 𝑀𝐼 and 𝑀𝐼𝐼 :

𝑀𝑏 ∈ {𝑀𝐼 ,𝑀𝐼𝐼} (10)

Therefore, in this case, and 𝑀𝑏 can be used as a parent node that connects two different
studies. The node 𝑀𝑏 itself will contain general theoretic information on it, and node 𝑅𝐸𝑃𝐼

and 𝑅𝐸𝑃𝐼𝐼 will contain information on the specific case of its usage and measured parameters
using it.

Similar mechanism can be provided by using specific ontology tools using metadata. For
example, there will be a hierarchical approach for representing and usage of keywords:

𝐾𝑤(𝐵𝑀𝐷𝑖) = 𝐶𝑙𝑎𝑠𝑠 “𝐾𝑒𝑦𝑤𝑜𝑟𝑑𝑠” 𝑇𝑦𝑝𝑒 “𝐴𝑟𝑟𝑎𝑦 𝑉 𝑎𝑙𝑢𝑒” {𝐾𝑤𝑎,𝐾𝑤𝑏,𝐾𝑤𝑐,𝐾𝑤𝑑}, (11)

where 𝐾𝑤(𝐵𝑀𝐷𝑖) – node of the basic metadata that integrates all keywords; 𝐾𝑤𝑖 – specific
keyword.

Also, as was noted in the introduction, the metadata of each work will be used for filtering
the information, and for supporting specific processing functions of the IT solution Polyhedron.
Such specifics mechanisms are AUDIT and RANKING. Metadata can be included in each node.
For the parent node metadata will be used to represent the general information (for example,
essence of the method itself), and the resulting leaf node will contain the specific metadata
related to specific study (such as specific results of the study obtained using set methods M; for
example, metadata: 5.35, and its class: “Ammonium nitrogen content, g/L”). So, metadata, with
the same class, will be processed by using filtering by users request or by ranking using the
ranks of the nodes for specific classes (or their set) based on the user’s request.

So, the proposed approach uses IMRAD to collect and process the data with ontologies. In
this way, the ontologies are constructed not by the specific structure of each work but by the
generally accepted IMRAD structure. The parent node will be a specific area set to which

the study belongs (𝐴 =
𝑛∑︀
𝑖
𝑅𝐸𝑃𝐼𝑖, where 𝐴 – specific area of set of 𝑅𝐸𝑃 ). The 𝐴 node is

linked with 𝐼 , 𝑀 , 𝑅, 𝑃 nodes (representing IMRAD). Each IMRAD node is linked with the
specific IMRAD type node (such as ammonia determination by Nessler’s method (for methods)
or “chicken manure” or “glycerine” (for subjects)). And each specific IMRAD type node is linked
with leaf nodes of ontology – specific studies where such entities were used.
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3.2. Structuring several works simultaneously using an ontological graph

To demonstrate the capabilities of the proposed ontological system, scientific works on anaerobic
digestion were chosen. The general view of the resulting graph is shown in figure 3.

Figure 3: General view of the resulting ontological graph.

The root node of the resulting graph is the “Scientific reports” node. In its structure, the
ontological graph is complex because it has additional branches from child nodes. Child nodes
are: “Reports on biotechnology” and “Reports on anaerobic digestion.” From the child node
“Reports on anaerobic digestion” are going the central sub-leaf nodes that reflect the basic
principle of systematization of scientific works: “Results,” “Materials and methods,” “References”.
This basic principle is shown in figure 4. A separate node of Main Metadata was also additionally
created. This node contains the central metadata: object, subject of study; practical significance,
the scientific novelty of study; hypotheses; keywords; abstract, conclusions.

Figure 4: General view of the main systematizing ontological vertices.
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The entire sequence and principle of filling and maintenance of data by users in the received
ontology are shown in the Workflow diagram (figure 5).

Figure 5: Workflow diagram of filling and maintenance of data by users.

The child nodes of each of these systematizing ontological nodes are the scientific works
themselves. Each data block is in the form of separate attributes of the ontological node. This
solution allows you to use all the information processing tools of the CIT Polyhedron system. In
particular, such tools are both general (for example, filtering) and specialized, such as ranking
and auditing. An example of filtering is shown in figure 6.

3.3. Application of ranking mechanism in the structuring of scientific works

All attributes can be used to rank information using the “Alternative module” described in
previous works [18, 29]. Each nodes attributes is filled with numeric, textual, and/or mixed
types of data. The following attributes are filled with text data: “References”, “Methods for
Quantitative Analysis”, “Materials for researching”, “Thermophilic”, “Chicken manure sub-
strate”, “Spectrophotometer parameters of the experiment”, “The actual rate of reproduction of
”, “Keywords”, “Glassware”, “Reagents”, “Equipment”, “Object ”, “Subject of study”, “The aim of
the study”, “Chicken”. Numeric data contains the following attributes: “Initial pH”, “Methane
content, % Vol.”, “pH of obtained solid product”, “Ammonium nitrogen concentration, mg/L”,
“The concentration of volatile fatty acids (VFA) mg/L”, “The dry matter content, %”, “The ash
content, %”. The attribute “The native moisture content of the substrate” contains mixed-type
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Figure 6: Example of attribute filter.

data, numeric and textual. An example of an incoming data maintenance panel for ranking is
shown in figure 7.

For example, there may be a case when user wants to arrange work on the pH. The ranking
result is shown in figure 8. Other examples of usage of the Polyhedron IT platform are shown
in table 1.
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Figure 7: Example of a water panel for data ranking.

Figure 8: Example of ranking results.

3.4. Application of the audit mechanism in structuring scientific works

Users can also use the specialized audit module described in previous works [15, 16, 17, 29]
for all attributes. The graph “Standard” is the ontology itself, containing works that will be
supplemented and expanded. This solution will allow users to automatically check whether
there is a particular work in the database. Also, this solution will allow checking the hypotheses
for compliance with already completed studies. Also, the audit module will allow users to
compare an existing METADATA and attributes that are available in ontology at the same time.
In particular, these attributes are the materials and methods of the results and the list of sources.
Results that do not match the attributes of the “standard” ontology emphasize red. An example
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Table 1
Examples of Polyhedron IT platform ranking module

Name of fil-
ter (Ontologi-
cal attributes)

Priority Main results (list of ontological nodes)

Initial pH
(type of data
are numbers)

Absolute Development of a rational way for utilization of meta-tank waste at JSC
“Vasylkivska poultry farm”, Titrimetry, Methane tank, Development a method
for utilization of methane tank effluent Methods for Quantitative Analysis,
Materials for researching, Abstract

Methane con-
tent, % Vol.
(type of data
are numbers)

Absolute Development a method for utilization of methane tank effluent, Development
of a rational way for utilization of meta-tank waste at JSC “Vasylkivska
poultry farm, Methods for Quantitative Analisis, Materials for researching,
Abstract

The ash con-
tent, %

Absolute Development of a rational way for utilization of meta-tank waste at JSC
“Vasylkivska poultry farm, Development a method for utilization of methane
tank effluent, Methods for Quantitative Analisis, Materials for researching,
Equipment, Reagents, Thermophilic, Chicken manure substrate

The dry mat-
ter content, %

Absolute Development a method for utilization of methane tank effluent, Development
of a rational way for utilization of meta-tank waste at JSC “Vasylkivska
poultry farm Keywords, Methods for Quantitative, Analysis, Materials for
researching, Equipment, Thermophilic Chicken manure substrate

of an audit fragment is shown in figure 9.

Figure 9: Example of audit results.
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4. Discussion and conclusions

We have proposed to use IMRAD as the main approach to structure the articles in the form of a
semantic ontology. As a proof of the concept, we have implemented a universal ontological solu-
tion that can provide systematization and structuration of any scientific studies. “Polyhedron” is
not a reference manager like “Endnote”, “Mendeley”, and it is also not a scientometric database,
but in the nearest perspective, it‘s possible to convert our technology into a useful analogue.
But, the advantages and potential scenarios for usage of our solution have been demonstrated by
the example of biogas studies. The potential of using ranking and auditing tools in the obtained
ontological database has been also shown. Numeric and semantic characteristics were separated
from the main text and used to process by specialized algorithms of IT Platform Polyhedron.
For example, users can find studies where specific method was used by both, using the structure
and filtering of studies data. The numeric data of studies are processed by the ranking tool that
assigns ranks to nodes depending on the value of these numeric characteristics. The created
ontology allows to obtain the structured set of studies, separate their characteristics, provide
the possibility to view all of the methods, measured parameters in the view of node and use
them to find the studies where they were used. The detailed comparison of our ontological
solution with most common analogues is presented on the table 2 below.

Table 2
Comparison of “Polyhedron” system with similar analogues

Polyhedron* Mendeley Endnote Scopus Google
Scholar

Automatic extraction of the information
from any added PDFs

Present Present Present Absent Absent

Tags, keywords, or search the full text of
most PDFs functions.

Present Present Present Present Present

Ability to cite articles in word/pages Absent Present Present Absent Absent
Ability to use numeric data of the articles
for ranking

Present Absent Absent Absent Absent

Accentuation of important semantic char-
acteristics for management of the wide
range of articles

Present Absent Absent Absent Absent

Ability to compare different articles Present Absent Absent Absent Absent
Visualization of the information Present Absent Absent Absent Absent
Usage of IMRAD approach to sort articles Present Absent Absent Absent Absent

* proposed approach using CIT “Polyhedron”

As we can see from the table above, our ontological solution has all of the basic functions
of the most common software. Our solution can be used as a bibliographic software and as a
scientometric database. In addition, our solution could provide such functions as ranking based
on specific attributes, ability to compare different articles, visualization of the information in
view of an ontological tree or “ontocubes” and usage of IMRAD approach to sort articles.
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Abstract
Any person, not even a financier, should be knowledgeable in the field of personal finance management.
As a result of the survey, it was concluded that schoolchildren and students should be interested in the
study of personal finance, even within other disciplines in the form of separate sections. Successful
personal experience and knowledge of the teacher in the field of personal finance is an important
component of the effectiveness of the formation of competence of pupils, students, and adults in the
field of personal finance. Business simulators come in handy here. That is why the authors developed a
business simulator for the development of personal finance management skills, which was developed in
the form of a web service. The main features of this simulator, which are presented in different sections
of the simulator, are considered. It is shown what skills of personal finance management are developed
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1. Introduction

Almost every day, each person spends money on housekeeping, utility bills, payment for services
and purchases. It also includes debts on loans, or just borrowed money from friends. Personal
finance includes all the funds available to us and the ability to manage them, so the topic of
personal finance is relevant and worthy of attention for everyone who cares about their financial
well-being. That is why any person, not even a financier, should be knowledgeable in the field
of personal finance management. As a result, a survey was conducted to find out certain aspects
of the financial literacy of first-year students as individuals who have their financial resources.
In 2019, 167 respondents took part in the survey, in 2020 – 214 respondents (first-year students
of the Faculty of Information and Computer Technologies of the Zhytomyr Polytechnic State
University).

As a result, it was found that in 2019, 70.7% of respondents consider themselves financially
literate, ready to consciously and effectively manage their own and family financial resources;
in 2020 – 74.3%. At the same time, 29.3% of respondents in 2019 do not consider themselves
sufficiently aware in this regard; in 2020 – 25.7% (see figure 1, a).

Figure 1: Financial literacy education results.

It was also found that in 2019 45.5% of respondents studied the basics of financial literacy in
at least one form, in 2020 – this figure dropped to 19.6%, in 2019 54.5% – did not study in any
form, in 2020 – this figure is 80.4% (see figure 1, b).

In addition, by the results of the survey, it was found that in 2019 14.4% of respondents at the
highest level assess their level of readiness for conscious and effective management of own and
family financial resources, in 2020 – 10.7%, 38.3% of respondents in 2019 – indicated the level of
readiness “good” and “satisfactory”, while in 2020 46.7% indicated the level of readiness “good”,
35% - “satisfactory”. All others either rated the level at the lowest level or an unsatisfactory
level.

As a result of the survey, it was concluded that schoolchildren and students should be
interested in the study of personal finance, even within other disciplines in the form of separate
sections. Successful personal experience and knowledge of the teacher in the field of personal
finance is an important component of the effectiveness of the formation of competence of pupils,
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students, and adults in the field of personal finance. Business simulators come in handy here.

1.1. Theoretical background

The need for personal finance competency development was analyzed in the research interna-
tionally. The challenge is relevant for both developed and developing countries. Influence of
the financial literacy on the well-being of people worldwide and the need to recognize it as the
fundamental right and universal need was discussed by Lusardi [1]. Another research by Lusardi
et al. [2] shows that in the USA 30–40% of retirement wealth inequality is associated with the
level of financial literacy alone. As for the initial personal finance management, knowledge, and
skills formation, the study concludes significant influence of the high school financial literacy
courses on the lower default rates and better credit scores [3].

Using business simulations in education is a shared practice now. Simulations are being used
in practical training, such as flight or combat simulations as well as in economic, managerial,
and financial areas. Researchers study the pedagogical significance of this type of technology-
enhanced educational method. The group of researchers from the consortium of Spanish
universities concluded the positive impact of business simulations on the generic competencies
[4]. Farashahi and Tajeddin [5] conclude the effectiveness of business simulations in their
comparative study. The study of business simulations in economic or finance evolves with
the evolution of technologies available to develop immersive, attractive, and highly functional
experiences. The range of use-cases differs from elementary schools to life-long learning
establishments. Korgin [6] provides evidence of the effectiveness of the simulation games for
kids with basic arithmetical operations literacy. Palan [7] studied the criterion and approaches to
select business simulation software for asset market experiments to use in the higher education
establishments.

The analysis provides evidence of the effectiveness of business simulation usage in education
in general and the need to further development of business simulation for the economy and
finance literacy development, assessment, and study of its behavioral aspects.

2. Results

The analysis of the analogues revealed that most part of the simulation software is appropriate
for a specific area of the finance in the countries with developed financial markets. Based on
the conclusions above this work represents the experiment in developing more generalized
simulator for the countries with less developed market of financial instruments [8].

That is why the authors developed a business simulator for the development of personal
finance management skills, which was developed in the form of a web service [9]. Consider the
main features of this simulator, which are presented in different sections of the simulator (see
figure 2):

1. Current account management options.
2. Savings management options.
3. Deposit management options.
4. Credit management options.
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5. Non-financial investment management options.
6. Information on changes in current accounts that have occurred in the last week.
7. Analytical information on the dynamics of changes in current account funds, savings,

and investments.
8. Information on current exchange rates.
9. List of recent transactions that have been made on current accounts.

Consider in more detail the section with current account management options (see figure 2, A).
The “Current account” section contains a list of current accounts in the form: code and available
amount.

Figure 2: Business simulator.

The user has the opportunity to open a new account. To do this, click on the “Open account”
button, then a window will appear where you need to select the currency in which you want to
open a new account (see figure 3). Each user action in the simulator (for example, opening a
new account) is accompanied by a message that appears in the lower right corner of the page
(see figure 4).

After opening a new account, the “Exchange” option will be available in the “Current account”
section, which allows you to exchange currencies at the rate that can be viewed in another
section “Exchange rates” (see figure 2, B).

To exchange currencies, the user can enter the amount he wants to sell and the amount in
the currency to be purchased will be filled in automatically. The user can also enter the amount
to purchase and the amount required for the purchase will be filled in automatically. The user
can also change currencies and the amounts will be automatically transferred.

In the process of performing all actions by the user, a real-time section is available with infor-
mation about changes in current accounts that have occurred in the last week (see figure 2, D).
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Figure 3: Example of opening a new account.

Figure 4: Example of message.

Figure 5: Example of currency exchange.

The user can choose the currency of the account for which he wants to see the relevant data
(see figure 5).

In addition, in the simulator, there is a section with analytical data on the dynamics of changes
in current account funds, savings, and investments since the beginning of the simulation (see
figure 6). The user can select the currency of the account for which he wants to see the
information. By default, to visualize the dynamics of funds in all accounts, the option “Accounts
total amount in USD” is selected, which displays the total amount of funds in all accounts
converted into USD.

The user also can view transaction information on all current accounts (see figure 2, C). The
corresponding section contains a list of the last 5 transactions. In this case, the user can view
all transactions or filter them by specific weeks in the details window (see figure 7).

At the beginning of the 4th week of the simulation, a window with a test question appears, in
which the participant is asked what the amount is enough to save for savings from a monthly
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Figure 6: Analytical information on the dynamics of changes in current account funds, savings, and
investments.

Figure 7: List of transactions with the filter by weeks.

salary per month. This question is part of the assessment, and the user is obliged to answer it.
To sometimes distract the user from financial instruments and bring more of the reality into

the simulation process, random events were added to the system, including various diseases,
repairs, the birth of a child, and so on. Most random events last for some time and additional
costs for the entire period of validity.
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Some events are constant, so costs are made every week, such as the birth of a child. You
can’t cancel any random event, you can just accept it and close the window.

Upon reaching the 60th week of the simulation, the user will be shown a page where the
participant can view analytical data on the dynamics of changes in funds on all current accounts,
savings, and investments since the beginning of the simulation (see figure 8). Funds on all
accounts, savings, and investments are converted into USD and shown in one chart. On this
page, the user can compare their results with the results of other participants in their country,
as well as from other countries, in addition, they can share their thoughts or ideas about the
simulator by filling in the field at the bottom of the page.

Figure 8: Example of simulation results.

The use of the Simulator facilitates forming of the following knowledge, skills, and compe-
tencies as well as the personal attitude towards:

• Using the diversified list of currencies.
• Forming widely-acknowledged standard of emergency savings and assessing readiness

for longer-term investment.
• Using basic saving and investment instruments available in a wide range of countries

such as deposits (deposit certificates), real estate, and business investments. Experiencing
different types of instruments and understanding their specific.

• Debt-management and forming personal behavioral attitude to using debt as constructive
investment leverage.
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Since this simulator was designed to develop personal finance management skills, an attempt
was made to apply machine-learning elements to make this business simulator work even
better. This requires the creation of a system that could determine for the user an effective
strategy of action in the simulator because the amount of real data of simulation participants is
extremely small for analysis and identification of hidden dependencies using cluster analysis.
This task is suitable for those that are solved by the latest approach in machine learning, namely
reinforcement training.

Reinforcement learning (RL) is a type of machine learning in which the agent directly examines
environmental data, receives rewards, and sets policies for optimal action. The goal of RL is to
find the optimal policy that maximizes the expected amount of future rewards [10].

Reinforcement learning focuses primarily on how to obtain the optimal strategy [10]. Ideally,
the system should determine what will be financially optimal, as well as understand what is
inherent in man, given its characteristics. For example, if a person has never used investment
instruments, it is not worth building a strategy for him with too aggressive investment behavior,
because it is unlikely that a person will follow it.

Reinforcement learning includes an agent, a set of states 𝑆, and a set of actions by states
𝐴. By acting 𝑎 ∈ 𝐴 , the agent moves from state to state. Acting in a certain state provides
the agent with a reward. The agent’s goal is to maximize his overall (future) reward. He does
this by adding the maximum reward that can be achieved from future states to the reward for
reaching his current state, thus influencing the current action with a potential future reward.
This potential reward is the sum of the rewards of all subsequent steps, starting from the current
state.

Formally, reinforcement learning is modeled as a Markov decision-making process (MDP).
MDP provides a mathematical basis for modeling decision-making in situations where the
results are partly random and partly controlled by the decision-maker [11].

One of the algorithms of reinforcement training is Q-training. The purpose of Q-learning is
to learn a strategy that gives the agent information about which step is best to perform in a
particular state 𝑆.

The algorithm contains the following elements:

• 𝑟𝑡 the reward received in the transition from state 𝑠𝑡 to state 𝑠𝑡+1;
• 𝛼 – the pace of learning, which determines the extent to which new information will

override old information;
• 𝛾 – depreciation ratio, which gives the effect of valuing rewards received earlier, higher

than those received later.

Before training, Q is initialized with an arbitrary fixed value (selected by the programmer),
for example, 0. Then, at each point in time t, the agent selects an action 𝑎𝑡, receives a reward 𝑟𝑡,
moves to a new state 𝑠𝑡+1 (which may depend on both the previous state 𝑠𝑡 and the selected
action), and table Q is specified. The core of the algorithm is the Bellman equation as a simple
update of values by iteration, using the weighted average old value and new information [12].

As a result, the open-source library “SharpRL” was chosen [13]. This library provides basic
functionality for developing a learning environment with reinforcement based on the Q-learning
algorithm. The program for defining personal financial strategies is a console application.
Running this program involves setting certain parameters, including:
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Figure 9: Q-learning algorithm.

• number of simulation passes in training mode;
• the number of simulations in the mode of compliance with the model policy after training;
• duration of the simulation in weeks;
• monthly income and expenses of the user in a certain currency, which will be determined

as the main currency of this user.

At the end of the training process, the screen will display the maximum reward that was
achieved during the program; data on the user in the last week, which include: funds in current
accounts, amounts invested in deposits and savings of the user; the best way that was found
during the operation of the system. Each step of the path is an action that is recommended for
the user to perform in a particular week. For more information, user data is displayed next to
each step after performing the specified operation.

To have more opportunities to analyze the results, the program saves them in a CSV file,
which can be used to compare the data with data from other launches of the program.

The generated file has only two columns: the first – indicates the week of the simulation, the
second – the reward received by the user this week.

As a result, the operation of the system with different initial parameters was analyzed and it
was found that a small number of iterations is the cause of an untrained model, which results in
unstable results. Experiments were conducted and it was hypothesized that the optimal ratio
of initial parameters, namely: the number of simulation passes in the training mode and the
number of simulation passes in the mode of adherence to the model policy after training, is
close to 1000. It was found that best results. After attempts to increase these figures, the results
remained within the statistical error. For example, figure 10 shows the result of increasing the
number of training epochs to 2000, which, compared to the results of 1000 epochs, remained
almost unchanged. As a result of the study, it was concluded that with the current set of possible
actions in the system (for example, to open a deposit of 10% of profits, etc.), increasing the
number of training epochs does not improve the result.

To test the trained model, a method of comparing the results of the system with the average
values of the results of the passage of real users in the developed simulator was chosen. Thus,
it was decided to take a certain period, for example, 54 weeks, and collect user data using the
available functionality of the simulator. Based on the collected user data and the results of the
trained model, several comparative graphs with different indicators of income and expenses
were constructed.

It was found that for 54 weeks, the system shows consistently better results than the average
results of users who underwent the simulation. From the graph, you can see that the performance
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Figure 10: Results with different number of epochs of training in the mode of adherence to the trained
model.

Figure 11: Comparison of model and user results with parameters of UAH 15,000 income and UAH
9,000 costs.

of the model is growing from week to week, which means that the system adapts to the
environment.

After increasing the parameters of profit and expenses, the difference in the graphs becomes
more significant in favor of the trained model. This is shown in figure 11, 12, 13.

Jumps can be seen in the graph showing the results of the reinforcement learning model.
They can be seen more often on charts where higher incomes and a large difference between
income and expenses. This is the effect of specific rules that are described to train the model
so that the virtual agent system follows the best path. For example, if an agent has opened a
deposit for 3 months, after this period the deposit will be closed automatically and this closing
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Figure 12: Comparison of the results of the model and users with the parameters of UAH 30,000 income
and UAH 15,000 costs.

Figure 13: Comparison of the results of the model and users with the parameters of UAH 100,000
income and 30,000 UAH costs.

of the deposit will significantly affect the user’s reward for this week. However, the system
learns and “understands” where to invest or save. As a result, this leads to sharp increases in
performance, as seen in the graphs. In the graphs responsible for the results of real users, such
behavior is not observed, which indicates the ignorance of users with effective ways to manage
personal finances within the developed simulator.

3. Conclusions

Currently, economic processes are a new topic for research into the possibilities of applying
the full potential of machine learning. Scientists from around the world are just making the
first attempts to reproduce such processes programmatically to use artificial intelligence to find
solutions and answer various economic questions of humanity.

The proposed developed software package consists of two parts: a personal finance man-
agement simulator and a system for determining effective financial strategies, which uses
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reinforcement learning opportunities.
The proposed simulator can be used in the future to teach the elements of personal finance

management to people who are not sufficiently knowledgeable in the field of such finance.
Moreover, the web application can be useful even for school-age children, so the simulator can
complement the educational process within the economic courses not only in higher education
institutions but also in secondary education institutions of Ukraine.

The prospects for further research include testing the effectiveness of the proposed simulator
of personal finance as a learning tool.
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Abstract
The article analyzes the research, which was carried out for several years to model the system of internal
certification of educational resources for blended and e-learning in Higher education. The authors
describe the prerequisites for the internal certification system modeling and the features of recent
changes in the process of internal certification of educational resources, approved by the university
regulations, which is related to the requirements of the situation with COVID-19. The article describes
the current model of the system of internal certification of educational resources, which is based on
the approbation of the pilot model of e-learning courses (hereinafter – ELC) certification. The key
components of the internal certification system are three mandatory expertise (professional, resource
and technical). Based on the results of which, the methodological commission decides on the quality
of educational resources of the ENC and its certification. Expectations from the current system of
internal certification of ELC implementation were justified to a high degree, in particular, we have
the following advantages of their use: the creation of quality educational resources, expanding access
to various categories of participants in the educational process to educational content; ensuring the
individualization of the educational process under the needs, characteristics and capabilities of learners;
improving the quality and efficiency of the educational process through the use of digital and innovative
educational technologies; ensuring systematic monitoring of the quality of education, implementation of
blended and e-learning in higher education.

Keywords
internal certification system, e-learning courses, ELC, educational resources

1. Introduction

The situation with COVID-19, such as social distance, limited access to classrooms, the transition
to blended and e-learning, today requires a change in many dimensions in higher education. Not
only approaches to the educational process need to be transformed, but also the consciousness
of teachers, their psychological attitude and motivation to actively use e-resources in the process
of implementing blended and e-learning [1, 2].

The implementation of blended and e-learning in the educational process has prompted the
administration to take decisive action to involve teachers in creating teaching materials in
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various electronic formats, and subsequently to introduce a more rigorous system for assessing
the quality of teaching materials used by students. General global trends in education require a
transformation, because on the one hand the generation of students who need modern resources,
on the other hand, the challenges of the pandemic do not leave alternatives in choosing the
form of education [3, 4].

Higher education institutions try in different ways to solve the issue of ensuring the quality
of e-learning, including e-courses and e-content through the development of standards and
the creation of e-learning systems [5], implementing many-sided evaluation of e-learning and
digital competences of teachers [6]. An important factor influencing the quality of educational
e-resources is determined by their students’ assessment both in the process of use and upon
completion of work in e-courses through various surveys [7, 8].

To ensure the quality of educational resources, it is necessary to implement their comprehen-
sive evaluation, which includes students’ assessment of e-course, expertise of the e-resources
and determination of technological feasibility of e-course components.

From this point of view, the preparation of quality educational resources for higher education
can be provided by the university system of internal certification.

The research aimed at modeling the system of educational resources internal certification for
blended and e-learning in University took place in several stages:

1. Creation the pilot model of the e-learning courses (hereinafter – ELC) certification.
2. Approbation of the pilot model of e-learning courses certification.
3. Development of internal certification system of educational resources for blended and

e-learning in higher education.

The approbation pilot model for e-course certification, those ELC which teachers created as
an additional resource to support academic disciplines, was tested by collectively discussing the
results of the implementation. At the same time, trainings were held for teachers who wanted
to be at the forefront of promoting blended and e-learning at the University.

The research was managed by IT in Education Laboratory together with institutes and
faculties of Borys Grinchenko Kyiv University. The development of the system of internal
certification of educational resources for blended and e-learning took place at the University
level and resulted in the approval of the Regulations on the creation and certification of e-
learning courses, which is the main tool for the internal certification of educational resources
offer for University [9].

It should be noted that until the approval of the internal certification system to ensure
education at the University, only 9% of certified ELC were used for bachelor’s degree, and 18%
for master’s degree [10].

The current model of the internal certification system of educational resources, which is
described later in the article, is based on the analysis of the results of testing the pilot model of
ELC certification, the description of which is presented in the manual [11].

2. ELC design in the e-Learning system

The university e-learning system is a special educational portal built on the Moodle platform,
which allows you to create learning material that is stored as a structured ELC and through
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which is implemented as blended and e-learning [12]. The e-learning system is designed to
provide the educational process at the university.

For effective work of teachers and students in the e-learning system were created personal
digital cabinets of users (students, teachers, administrators), which provide quick access to useful
digital resources: class schedule, means of communication and cooperation with colleagues
and students, libraries (scientific materials, access to scientometric databases, etc.), electronic
portfolio systems, search for scientific publications and checking student work for plagiarism,
questionnaires for students to assess ELC, catalog of courses of choice for university students
and other useful links [13, 14].

In the personal cabinet, teachers have the opportunity to use filters to show the ELCs they are
currently working with, view their own workload, work with the automated module “Individual
teacher plan” and so on.

ELC are formed automatically in accordance with the curricula of higher education students
in the academic/educational professional program of the university. The ELC is developed by
authors, which can be a teacher or a team of teachers, who are appointed by the decision of the
department of the university from among the academic staff/professors/lecturers/employees of
the university. In the future, teachers are enrolled in the ELC and their role is defined: author,
author-teacher, teacher with appropriate levels of access.

The developed ELC is the property and intellectual property of the University and must have
a unified structure and meet the following characteristics:

• structured teaching and methodical materials;
• logical configuration of the discipline studies;
• a clear schedule for students to complete the curriculum;
• the system of interactive interaction of participants of educational process among them-

selves, means of resources of ELC and technologies of distance learning, during all time
of studying of discipline is adjusted;

• high-quality training materials that allow the form of competencies declared in the
working program of the academic discipline;

• system of control and evaluation of all types of educational activities of students.

Electronic resources included in the ELC have two types according to the level of student
activity. Resources are designed to provide students with the content of educational material,
such as structured electronic lecture notes, multimedia lecture presentations, audio and video
materials (podcasts, videocasts, webcasts, etc.). And methodical recommendations, resources
that ensure the development of the studied material, the formation of skills, acquisition of
general and special (professional) competencies, self-assessment and evaluation of educational
achievements of applicants, for example: tasks, testing, questionnaires, forums, etc. including
the use of digital technologies. The digital learning technologies encourage the development
of cognitive, creative, communicative and collaborative skills [15, 16] using ELCs, which are
developed for each discipline of the curriculum.
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3. ELC structure

The structure of the ELC needs obligatory components of the ELC, approved by the Regulations
on the procedure for creating e-learning courses, their certification and use in the e-learning
system of Borys Grinchenko Kyiv University [9]:

1. The section with the description of ELC with the indication of the the Academic/Education
Professional Program (name, educational level), contains the reference to the actual work-
ing program of educational discipline in the Institutional repository; general information
about the discipline (resources: working program; evaluation criteria; printed and Internet
sources; glossary; announcements; information about the author);

2. Teaching and methodical materials from each content module:

• theoretical material (structured electronic learning materials, manual in the form
of resources Lecture or Book, multimedia presentations of lectures, audio, video,
animation learning resources, a list of printed and Internet sources);

• practical/seminars/laboratory works (content, methodical instructions on their per-
formance, list of tasks, form of presentation of results of performance, terms of
performance, evaluation criteria);

• tasks for individual work of applicants (content, guidelines for their implementation,
list of tasks, form of submission of results, deadlines, evaluation criteria);

• module control (control questions, tasks, form of work submission, deadlines, evalu-
ation criteria);

3. Materials for the final control in the form of an examination (description of the procedure,
examination program or references, indicative list of questions, evaluation criteria); in
the resource Exam give a brief description indicating the procedure for the exam and
evaluation criteria.

4. Additional materials.

Special conditions: if the course is practical, it is advisable to present theoretical information
in at least one general resource Lecture or Book; for courses where listening, speaking, etc is
obligatory, the form of submission of the completed work in the form of audio or video file,
communication/interview in voice or video chat is allowed.

4. The ELC internal certification system

4.1. Model of the ELC internal certification system

The process of testing the pilot model lead to its significant modeling and design of a qualitatively
new integrated system of internal certification of educational resources for blended and e-
learning (figure 1).

The ELC internal certification system is regulated by the approved Regulations and, accord-
ingly, is carried out monthly following the decisions of the Academic Councils of the institutes
and faculties of the university.

74



Figure 1: Model of the ELC internal certification system
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The main processes of the certification system presented in the model are: ELC design;
organization and conduct of expertise; analysis of expertise results and certification decision-
making.

During the professional expertise the scientific level of the course materials is determined,
the correspondence of all created resources to the working programs, goals and objectives of the
discipline. The relevance of the content, novelty of the submitted material, its completeness and
logical consistency, content and methodological expediency of the created resources, method-
ological aspects of the course organization, pedagogical and psychological bases of organization
of students’ and pedagogical staffs’ educational activity, their interaction, organization of control
system are analyzed.

The procedure for managing a professional expertise includes the following steps:

1) appointment of experts by the director dean of the structural unit;
2) online expertise by appointed experts with conclusion;
3) discussion of the results of the expertise at the meeting of the department.

The expertise of ELC resources is carried out by the ICT Assistant Director/Dean and involves
the analysis of the availability of obligatory ELC components and the determination of the level
of compliance of each component with the requirements specified in the regulation. The passing
score for the expertise of ELC resources for further submission for technical examination is 70
(out of 130 possible).

The professional expertise and expertise of resources takes place in the first two weeks of
the current month, after which the ICT assistant can acquaint the author/authors with the
conclusions of the expertise.

The generalized conclusion of the ELC examination is signed by the director/dean and
submitted by the ICT assistant to IT in Education Laboratory.

The technical expertise of the ELC is carried out by the IT in Education Laboratory at the
request of structural units with obligatory monitoring in an online document, which is set
up open access for viewing to all participants in the educational process. Technical expertise
provides an analysis of the implementation of system-wide requirements: the correct operation
of the Journal of Assessments; optimal filling of the test bank; correct test setup; availability
and settings of blocks “Now on the site”, “Progress of completion”; setting deadlines for tasks.

4.2. Key-steps of the ELC internal certification

The ELC certification decision is made by the methodical commission for ELC certification, the
composition of which is approved by the order, is adopted collectively based on the generalized
conclusion of the head of structural division based on conclusions of expertise.

Authors should initiate ELC certification and take the following steps:

1. Send a request to the ICT Assistant to lead an expertise of resources and request the
appointment of the director/dean of the structural unit of experts (at least 2 people who
are employees of different departments; one of which has developed and certified ELC.
Specialists from other structural unit of the University and/or educational and scientific
institutions may be also involved.
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2. Enroll experts in the ELC and invite them by letter with a link to the ELC and password
access.

3. Monitor and respond on time to the results of the expertise submitted by experts through
the online form “Professional expertise”. (Viewing the results of professional expertise is
open and available on a corporate account).

The results of each stage of certification are reflected in a free-to-view document, which
allows authors to make adjustments to the submitted ELC in accordance with the submitted
recommendations.

5. The impact of certification on the quality of learning
resources for blended and e-Learning

In a pandemic, the university’s educational process was organized using e-learning, to ensure
which the university’s e-learning system was used quite actively in combination with online
communication and collaboration tools [11].

The number of activities by both teachers and students of higher education has increased
many times, which confirms a significant increase in the use of ELC. The number of actions
of students in 2020 exceeded 9 million and, compared to 2019, increased more than 3 times,
teachers – exceeded 2,5 million, an increase of 4 times, due to the processing of educational
material, performance and loading of tasks applicants, checking the downloaded tasks, as well
as filling the ELC with educational content and keeping a journal of assessment by teachers.

Ensuring the quality of educational resources with which students work has become an
important task for the University teachers.

The number of ELCs created in 2020 has almost doubled compared to 2019, which made it
possible to provide ELCs to almost 90% of disciplines, of which 60% of ELC are fully developed
and fully used in the study of disciplines, others are gradually filled with educational content
and used for keeping a log of assessments.

Analysis of ELC that are actively used in the educational process confirms an increase in
active ELC by 1,5 times compared to 2019 (figure 2).

Students rated the ELC on a five-point scale from 0 to 5, according to the proposed criteria:
Clarity; Accessibility; Relevant; Creativity; Expediency. The evaluation of the ELC in 2020
compared to 2019 remained almost at the same high level of evaluation (figure 3).

The observed decrease in the assessment of ELC exhibited by students is caused by the creation
and simultaneous use of them during a pandemic, in the mode of full distance learning. Among
the reasons are: during the transition to distance learning teachers and students experienced
technical difficulties (the need to create activities quickly; insufficient level of digital competence
of teachers, psychological barriers to using e-learning, sometimes poor access to the Internet).
In 2020, teachers began to use the e-learning system in extreme conditions, not all were fully
created ELC, some ELC contained only checkpoints for scoring to form a journal of grades, so
students objectively more rigorously assessed ELC in the e-learning system already having a
large number of ELC for comparison.

The analysis of the evaluated ENCs confirms the use of ENCs that were filled with content at
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Figure 2: Comparison of the number of active ELC.

Figure 3: The results of ELC assessment by students.

the same time as the classes, as only 22% of the evaluated ENCs were certified and, accordingly,
the level of evaluation of such ENCs averages 4,6 out of 5,0, which remains at levels of 2019.

According to the results of student assessment, certified ENCs are qualitatively developed,
the resources presented to them are clear, accessibility; relevant; creativity; expediency and
they are sufficient to master the discipline (figure 4).

In 2020, the number of certified ELC has almost doubled compared to 2019, the number of
ELC submitted for certification has also increased to 709, which is also twice as high as in 2019
and indicates a positive trend in providing disciplines with certified ELC (figure 5).

The positive trend of increasing the number of certified ELCs confirms the need for them by
students and teachers. That is why the introduction of the internal certification system justifies
an important role in the preparation of quality educational resources and in general in the
modernization of the e-learning system of the University now and in the future.

In particular, the opportunity has already been realized for students in a separate ELC not only
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Figure 4: Comparison of assessment of certified and non-certified ELC.

Figure 5: Dynamics of ELC certification.

to have access to educational materials 24/7/365, but also to monitor the progress of personal
educational activities. The introduction of the ELC internal certification system has prompted
the creation of academic/educational professional programs in the e-learning system, the main
advantages of which are the student’s ability to see a list of all disciplines to study during
semesters and scores in disciplines (figure 6).

The implementation of academic/educational professional programs in the e-learning system
has provided the structuring of the e-learning system, access to educational resources of all
disciplines of the curriculum; made it possible to carry out constant monitoring of the provision
of academic disciplines with the relevant ELC, the level of their development and certification.
It is due to the functioning of the internal certification system that there is an increase in the
percentage of quality ELCs that have the status of certified. In the future, it is expected that
100% of all educational programs will be certified by ELC.

Part of the ELC internal certification system is the automated control “Report by the depart-
ment”, which reflects the percentage of certified ELC, provided by the curriculum in graphical
form (figure 7).

When deploying such a report, the e-learning system displays a complete list of names of
disciplines for which ELC are developed and used and which of them are certified, which
encourages teachers to improve the ELC used and initiate their certification.

The analysis of the results of the implementation of the ELC internal certification system
shows its positive impact on the quality of educational resources and the provision of educational
services in general.

79



Figure 6: Academic/educational professional programs in the e-learning system.

6. Conclusions

Based on the testing of the pilot model of ELC certification, a system of internal certification of
educational resources for blended and e-learning has been developed in University, which can
be recommended for implementation in higher education institutions.
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Figure 7: Representation ELC in “Report by the department”.

The three independent and diverse expertise (professional, resource and technical) that
underlie the system of internal certification and evaluation of ELC by students ensure high
quality educational resources and, as a result, the quality of educational services. In the future, it
is planned to achieve 100% ELC certification for all educational programs that train professionals
with a sufficient level of digital and professional competence and are competitive in the labor
market.

The system of internal certification encourages teachers to increase the level of technical
and professional competence, allows them to increase their rating among university teachers;
expand the use of digital technologies in the educational process; creation of modern educational
digital resources taking into account features of styles of perception of material and designing
of criteria of an estimation of their quality; use of digital tools for effective communication and
cooperation in blended and e-learning; development of ability and sense of need for constant
self-development and self-improvement.
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Strategic learning towards equilibrium. Exploratory
analysis and models
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Abstract
This paper deals with strategic behavior of people, we observed from experiments. The research question,
formulated in this work, is how players (mainly children) learn in complex strategic situations which
they never faced before. We examine data from different games, played during popular lectures about
game theory and present findings about players progress in strategic learning while competing with
other players. Four “pick a number” games were investigated, all with similar-looking rules but very
different properties. These games were introduced to very different groups of listeners. The data gathered
is available in open repository for replication and analysis. In the work we analyse data and propose
the agent-based model of beauty contest game, explaining observed behavior. Finally, we discuss the
findings propose hypothesis to investigate and formulate open questions for future research.

Keywords
behavioral game theory, guessing game, k-beauty contest, active learning, R, agent-based modeling

1. Introduction

Game theory is a field of science which investigates decision-making under uncertainty. The
source of the uncertainty can be strategic structure, e.g. probability of certain events, lack of
information about future possibilities or it can be about decisions of other agents. In last case
we can talk about interdependence, that is, when the actions of some players affect the payoffs
of others. Such situations arise around us every day and we, consciously or unconsciously, take
part in them. The success is heavily relies on our perception about actions of other player. The
problem is how we can know future actions of other players. Truth be told we can‘t, but we can
start with some assumptions, that will help eventually create framework, model or theory of
“mind”, which will predict future (reasonable) actions. Game theory proposed approach, which
is now under questioning (especially from the side of experimental or behavioral economy),
nevertheless we will start from standard notions and then will proceed to experimental data.

One can expect that other players will play “reasonably”, and by this game theory means
that they will try to achieve a better result in some agent’s sense. This idea is grasped by term
rationality. Every rational player must calculate best possible result, taking into account the
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rules of the game, the interests of other participants in other words think strategically. It is
well known from theory that rational player will play Nash equilibrium (NE) if there is any,
which is very useful in the games where only one unique NE exists. Notion of rationality was
indeed fundamental for development of game theory, especially mathematical part. However,
the problems with this notion also quite numerous.

First of all, it is very demanding because it actually presuppose that agent has complete,
transitive preferences and actually capable to compute equilibrium in given strategic situation.
But this is simply not feasible in many real situations (for example we know about NE in chess,
but still no one can compute it). Secondly, probably more important, there are many games
where NE is poor prediction of actual human behavior. In this paper we investigate some of
data from such games and discuss the difference.

All this makes decision making very interesting problem to investigate. This is rich area of
research, where theoretical constructions of game theory seems to fail to work and experimental
data shows unusual patterns. These patterns are persistent and usually do not depend on age,
education, country and other things. During last 25 years behavioral game theory in numerous
studies examines bounded rationality (best close concept to rationality of game theory), cognitive
distortions and heuristics people use to reason in strategic situations. For example we can
note surveys of Crawford et al. [1], Mauersberger and Nagel [2]. Also there is comprehensive
description of the field of behavioral game theory by Camerer [3].

We will concentrate on the guessing games, which are notable part of research because of their
simplicity for players and easy analysis of rules from game theoretic prospective. In this paper
we present results of games played during 2018–2021 years is part of popular lectures about
game theory. The audience of these lectures was quite heterogeneous, but we can distinguish
following main groups: (1) children at schools (strong mathematical schools, ordinary schools,
alternative education schools); (2) students (bachelor and master levels); (3) mixed adults with
almost any background; (4) adults with business background; (5) participants of Data Science
School; (6) participants of summer STEM camps for children.

We propose framework of four types of games, each presenting one idea or concept of game
theory. These games were introduced to players with no prior knowledge (at least in vast
majority) about the theory. From the other hand, games have simple formulation and clear
winning rules, which makes them intuitively understandable even for kids. This makes these
games perfect choice to test ability of strategic thinking and investigate process of understanding
of complex concepts during the play, with immediate application to the practice. This dual
learning, as we can name it, shows how players try-and-learn in real conditions and react to
challenges of interaction with other strategic players. At the last section we build agent-based
model using Netlogo environment and analyse its relevance to experiment data.

First we start with some definitions.

1.1. Game theory definitions and assumptions

We will consider games in strategic or normal form in non-cooperative setup. A non-
cooperativeness here does not imply that the players do not cooperate, but it means that
any cooperation must be self-enforcing without any coordination among the players. Strict
definition is as follows.
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A non-cooperative game in strategic (or normal) form is a triplet
𝐺 = {𝒩 , {𝑆𝑖}𝑖=∈𝒩 , {𝑢𝑖}𝑖∈𝒩 }, where:

• 𝒩 is a finite set of players, 𝒩 = {1, . . . , 𝑁};
• 𝑆𝑖 is the set of admissible strategies for player 𝑖;
• 𝑢𝑖 : 𝑆 −→ ℛ is the utility (payoff) function for player 𝑖, with 𝑆 = {𝑆1 × · · · × 𝑆𝑁}

(Cartesian product of the strategy sets).

A game is said to be static if the players take their actions only once, independently of each
other. In some sense, a static game is a game without any notion of time, where no player
has any knowledge of the decisions taken by the other players. Even though, in practice, the
players may have made their strategic choices at different points in time, a game would still
be considered static if no player has any information on the decisions of others. In contrast, a
dynamic game is one where the players have some (full or imperfect) information about each
others’ choices and can act more than once. In this work we deal with static repeated games,
which means that the same game is played twice (sometimes three times) with the same players.

Agents rationality is very important issue, sometimes it is called full rationality (to differ it
from bounded rationality – less restricting notion). When fully rational agent try to find the
best action, it usually depends on the action of other self-interest agent. So first agent must form
beliefs about second agent’s beliefs about beliefs of first agent and so on. Such constructions
seems to be too complicated but they in fact are base for the predictions of classical game theory,
which assumes all agents to be fully rational.

One quite famous result by Aumann [4] is that for an arbitrary perfect-information extensive-
form game, the only behavior that is compatible with (1) common knowledge of rationality,
and in particular by (2) each agent best responding to their knowledge is for each agent to play
according to the strategy, obtained by the backward induction. Aumann and Brandenburger
[5] similarly showed that common knowledge of rationality, the game payoffs, and the other
agents’ beliefs are a sufficient condition for Nash equilibrium in an arbitrary game.

In this regard, the most accepted solution concept for a non-cooperative game is that of a
Nash equilibrium, introduced by John F. Nash [6]. Loosely speaking, a Nash equilibrium is a
state of a non-cooperative game where no player can improve its utility by changing its strategy,
if the other players maintain their current strategies. Of course players use also information
and beliefs about other players, so we can say, that (in Nash equilibrium) beliefs and incentives
are important to understand why players choose strategies in real situations.

The NE is the core concept of game theory, but it is differ from experiments and sometimes
reality. In some games humans demonstrate convergence to equilibrium, but in others do not.
This gap between similarly looking games is slim and not easy to catch. We will consider
guessing games as a playground to work with players behavior.

2. Guessing games history

In early 90xx Rosemary Nagel starts series of experiments of guessing games, summarized in
[7]. She wasn’t the first one to invent the games, they were used during the lectures by different
game theory researchers (for example Moulin [8]). In recent work [9] authors provide extensive
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research of origins of the guessing game with unexpected links to editor of the French magazine
“Jeux & Stratégie” Alain Ledoux, who, as far as it is known today, was the first who used the
rules and then publish article about unusual patterns observed [10]. Anyway, work of Nagel [7]
was first experimental try to investigate the hidden patterns in the guessing game and in this
work framework of k-level models was proposed.

Later, Ho et al. [11] gave the name “p-beauty contest” inspired by Keynes comparison of
stock market instruments and newspaper beauty contests.

The beauty contest game (BCG) has become important tool to measure “depth of reasoning”
of group of people using simple abstract rules. To begin with we should note that behavioral
game theory aims to develop models, which explain human behavior in game-theoretic setup
more accurately, based both on experiments and theory [3]. There are two main approaches
how to deal with problem of replacing full rationality with bounded rationality. First view is
to consider boundedness as error. For example quantal response notion [12] or 𝜖-equilibrium
[13] assume that agents make an error by choosing not optimal strategy profile. They play
near-optimal response, because they do not have capacity to calculate exact best action.

The second approach is to treat bounded rationality as a structural property of an agent’s
reasoning process. One of the most prominent class of models from this type is iterative
models scheme. They include the k-level reasoning [7, 14], cognitive hierarchy [15] and quantal
cognitive hierarchy models [16]. All these models consider boundedness as immanent part of
reasoning. Each agent has a non-negative integer level representing the degree of strategic
reasoning (i.e., modeling of recursive beliefs) of which the agent is capable. Level-0 agents are
nonstrategic—they do not model other agents’ beliefs or actions at all; level-1 agents model
level-0 agents’ actions; level-2 agents model the beliefs and actions of level-1 agents; and so
forth [17].

In this work we support latter idea, analyzing experimental data to estimate changes in
numbers of different levels with learning and teaching process.

2.1. Learning models

Recently, game theorists began to actively research the process of reasoning towards the
equilibrium. Two prominent simple learning models are reinforcement and belief learning
(e.g., fictitious play). In reinforcement, strategies have numerical attraction levels which are
reinforced (increased) when a strategy is chosen and the result is good. Reinforcement is a
good model of animal learning but does not gracefully accommodate the fact that people often
choose strategies that have not been directly reinforced.

In fictitious play, players form beliefs based on a weighted average of what others have
done in the past, and best-respond given their beliefs. Remarkably, weighted fictitious play is
equivalent to a generalized reinforcement model in which unchosen strategies are reinforced
by the forgone payoffs they would have yielded.

There are a lot of other approaches, we will mention approach which enriches 0-level rea-
soning [16]. Specifically, they investigate general rules that can be used to induce a level-0
specification from the normal-form description of an arbitrary game.

Also we can note work by Gill and Prowse [18], where participants were tested on cognitive
abilities and character skills before the experiments. Then authors perform statistical analysis
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to understand the impact of such characteristics on the quality of making strategic decisions
(using p-beauty contest game with multiple rounds). In more recent work by Fe et al. [19]
even more elaborate experiments are presented. It is interesting that in the mentioned paper
experiments are very strict and rigorous (as close to laboratory purity as possible) in contrast to
games, played in our research. But in the end of the day the results are not differ very much.

As we know there are not many works about game theory experiments for children. In our
previous works [20, 21] we presented data from games with participants of 15-18 years old.
There is master thesis by Povea and Citak [22], with study of the the behaviour of children aged
8–11 in a beauty contest game with ten repetitions. Authors found evidence that children are
able to play a beauty contest game using not only cognitive skills but also empathy.

To deal with these problems, computer simulation, mainly agent-based modeling ABM, can be
used. Agent-based models are essentially a tool to discover patterns in behaviors that emerges
from simple rules – micro behavior. Agent-based modeling for guessing game is not very
developed area of research, for example see paper by Nichols and Radzicki [23].

3. Experiments setup

We claim that our setup is closer to reality then to laboratory and this is the point of this
research: how people learn under real-world situations. All games were played under following
conditions:

1. Game were played during the lecture about the game theory. Participants were asked
not to comment or discuss their choice until they submit it. However, this rule wasn’t
enforced, so usually they have this possibility if wanted;

2. Participants were not rewarded for win. The winner was announced (so get some “good
feelings”), but no more;

3. During some early games we used pieces of paper and we got some percentage of joking
or trash submission, usually very small. Later we have switched to google forms, which
is better tool to control submission (for example only natural numbers allowed).

4. Google Forms gives possibility to make multiple submission (with different names), since
we didn’t have time for verification, but total number of submission allows to control that
to some extend.

The aim of this setup was to free participants to explore the rules and give them flexibility
to make decision in uncertain environment. We think it is closer to real life learning without
immediate rewards then laboratory experiments. Naturally, this setup has strong and weak
sides. Lets summarize both.

The strong sides are:

1. This setup allow to measure how people make decisions in “almost real” circumstances
and understand the (possible) difference with laboratory experiments;

2. These games are part of integrated approach to active learning, when games are mixed
with explanations about concepts of game theory (rationality, expected payoff, Nash
equilibrium etc), and they allow participants to combine experience with theory;
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Table 1
Summary of first game for id of experiment and type of players. Explanation of columns is in the text

Id Type Age Round Average Winning Zlevel Median Count Irrationality

1 Alternative H 12-14 1 66.7 44.5 69.23 78 13 46.15
1 Alternative H 12-14 2 3.91 2.61 0 3.5 12 0
2 Alternative M 12-14 2 42.82 28.54 23.52 45.0 17 0
2 Alternative M 12-14 2 24.37 16.24 0 26.5 16 0
3 Adults 1 40.57 27.05 31.57 40.0 19 5.26
4 Alternative H 12-14 1 52.54 35.03 63.63 55 11 9.09
4 Alternative H 12-14 2 15.41 10.27 8.33 6 12 8.33
5 Adults 1 22.98 15.32 11.76 17.0 102 0
6 TechSchool 16-18 1 43.41 28.94 35.29 45.0 51 3.92
6 TechSchool 16-18 2 46.5 30.99 35.48 29.0 62 32.25
7 Math lyceum 16-18 1 30.58 20.38 16 27.5 50 2.0
7 Math lyceum 16-18 2 14.26 9.5 5.26 7 57 5.26
8 Math lyceum 15-16 1 37.06 24.71 20.68 33.0 29 3.44
8 Math lyceum 15-16 2 26.20 17.47 10.34 17.0 29 6.89
9 Math lyceum 14-16 1 42.0 27.99 44.44 42.5 18 11.11
9 Math lyceum 14-16 2 23.1 15.39 5.0 19.0 20 0
10 Ordinary school 14-16 1 48.69 32.46 46.15 46.5 26 0
10 Ordinary school 14-16 2 19.78 13.18 0 22.0 23 0
11 DS conference 1 37.25 24.83 28.33 33.0 60 8.33
11 DS conference 2 21.44 14.29 15.78 9.0 57 12.28
12 Students 1 42.40 28.27 33.33 40.0 27 3.7
13 Students 1 27.37 18.24 12.5 25.5 8 0
13 Students 2 8.62 5.74 0 8.5 8 0
14 Math lyceum 14-16 1 41.05 27.37 22.22 35.0 18 11.11
14 Math lyceum 14-16 2 17.23 11.49 5.88 13.0 17 0
15 Adults 1 34.32 22.88 20.73 30.0 82 1.21
15 Adults 2 12.48 8.32 2.19 8.0 91 2.19
16 Adults 1 43.05 28.70 33.96 40.0 53 1.88
16 Adults 2 14.69 9.79 1.88 11.0 53 1.88
17 Adults 1 50.33 33.55 41.66 50.0 12 8.33
17 Adults 2 13.50 8.99 0 12.0 46 0
18 Math lyceum 14-16 1 41.72 27.81 36.36 37.0 11 9.09
18 Math lyceum 14-16 2 26.36 17.57 0 30.0 11 0
19 Math lyceum 14-16 1 29.43 19.62 13.63 25.0 44 0
19 Math lyceum 14-16 2 27.25 18.16 20.45 9.5 44 20.45

3. Freedom and responsibility. The rules doesn’t regulate manipulations with conditions. So
this setup allows (indirectly) to measure preferences of players: do they prefer cheat with
rules, just choose random decision without thinking or put efforts in solving the task.

Weak sides are:

1. Some percentage of players made “garbage” decisions. For example choose obviously
worse choice just to spoil efforts for others;
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2. Kids has (and often use) possibility to talk out decision with the neighbors;
3. Sometimes participants (especially kids) lost concentration and didn’t think about the

game but made random choice or just didn’t make decisions at all;
4. Even for simplest rules, sometimes participants failed to understand the game first time.

We suppose it is due to conditions of lecture with (usually) 30–40 persons around.

3.1. Rules

All games have the same preamble: Participants are asked to choose integer number in range 1
– 100, margins included. Note, that some setups, investigated in references, use range starting
with 0. But the difference is small.

To provide quick choice calculation we have used QR code with link to google.form, where
participants input their number. All answers were anonymous (players indicate nicknames to
announce the winners, but then all records were anatomized). The winning condition is specific
for every game.

1. p-beauty contest. The winning number is the closest to 𝑝 of average. Usually 𝑝 = 2/3, but
we used other setups as well;

2. Two equilibrium game. The winning number is the furthest from the 𝑝 times average.
Usually 𝑝 = 1 if not explicitly mentioned;

3. Coordination with assurance. The winning number is the number, chosen by plurality. In
case of tie lower number wins;

4. No equlibrium game. The winning number is the smallest unique;

All these games are well-known in game theory, let’s address paper [21], where all properties
are summarized and do not repeat them there.

4. Results and data analysis

In this section we present summary of data, gathered during the games.

4.1. First game

Summary of results of First game is given in the table 1. Columns descriptions are:

• id is the id of experiment;
• type is the type of group. Alternative H and M is for alternative school (not in govern-

mental system) with humanitarian and mathematical direction respectively. Math lyceum
goes also for summer camps with participants from different lyceums;

• age is the approximate age of participants, only indicated for children, to distinguish
possible borderline between stages of strategic reasoning;

• round is the round of the game;
• average is the average of choices;
• winning number is the average * 0.66;
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• zlevel is the percent of players, choosing numbers bigger than 50, it is estimation of 0-level
players in this round. As one can expect it is declining with round;

• median is the median of choices (sometimes it is more informative then average);
• count is the number of choices;
• irrationality is the percent of choices bigger than 90.

Almost all winning numbers are fall (roughly) in the experimental margins, obtained by
Nagel [7]. With winning number no bigger then 36 and not smaller then 18 in first round.
Two exceptions in our experiments were Facebook on-line game (15.3), when players can read
information about the game in, for example, Wikipedia. And other is alternative humanitarian
school (40.1), where participants seems didn’t got the rules from the first time.

4.1.1. Metrics and analysis

First metric to observe is the percent of “irrational choices” - choices that can’t win in (almost)
any case. Lets explain, imagine that all players will choose 100. It is impossible from practice but
not forbidden. In this case everybody wins, but if only one player will deviate to smaller number
– he/her will win and others will lose. So playing numbers bigger then 66 is not rational, unless
you don’t want to win. And here we come to important point, in all previous experiments this
metric drops in second round and usually is very low (like less than 5%) [11]. But in our case
there are experiments where this metric become higher or changes very slightly. And initially
values are much higher then expected. So here we should include factor of special behavior, we
can call it “let’s show this lecturer how we can cheat his test!”. What is more interesting – this
behavior more clear in case of adult then kids.

It is also interesting to see distribution of choices for different types of groups. We can
summarize choices on the histograms (figure 1). Using models of strategic thinking we will
adopt the theory of k-levels. According to this idea 0-level reasoning means, that players make
random choices (drawn from uniform distribution), and k-level reasoning means that these
players use best-response for reasoning of previous level. So 1-level reasoning is to play 33,
which is best response to belief that average will be 50, 2-level is best response to belief that
players will play 33 and so on.

As we can see from the diagram 1, some spikes in choices are predicted very good, but it
depends on the background of players. The best prediction is for attendees of Data Science
conference, which presumes high level of cognitive skill and computer science background.

On figure 2 we can see boxplots, defined by number of players with different level of perception.
Level are defined in next subsection, but we can see pattern of behavior. Number of “irrational”
(choices with big numbers) is decreasing, so as “next-to-win-but-bigger” numbers. Number
of 2-level reasoning, especially after explanation about the equilibrium concept is growing
substantially, while number of “too smart” choices – choices from [1,5] is basically more or less
the same.

Interesting hypotheses, that need to be tested in details, can be formulated: Higher number
of choices from [50,100] in first round leads to higher number of choices from [1,5] in
second round and vice verse.
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Figure 1: Histogram of choices for each round.

Another metric [24] is how much winning choice in second round is smaller then in first.
Due to concept of multi-level reasoning, every player in this game trying to its best to win
but cant do all steps to winning idea. So there are players, who just have 0-level reasoning,
they choose random numbers. First-level players choose 33, which is best response for players
of 0-level and so on. Based on result of first round and, in fact, explanation about the Nash
equilibrium, players must know that it is better to choose much lower numbers. But graph
shows that decrease is quite moderate. Only students shows good performance in this matter.
And tech school shows (small) increase in winning number in second round!

4.1.2. Levels of reasoning analysis

Another point about the process of learning in this game is how players decision are distributed
over the space of strategies. We claim that there is distinct difference in changes between first
and second round for different groups. To perform this analysis we apply the idea of k-level
thinking.

To find differences we need to simplify this approach. First, we define b-level players players
who choose numbers from the range [50,100]. It is beginner players, who do not understand rules
(play randomly) or do not expect to win or want to loose intentionally (for reasons discussed
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Figure 2: Change in winning number for number of participants.

above). The substantiation for such range is that numbers higher then 50 did not win in any
game. Second level we call m-level, it is for range [18,50]. It is for players with middle levels of
reasoning, usually first round winning number is in this range (and in part of second rounds
also).

Third level is h-level, it is for range [5, 18]. It is for high level reasoning and finally inf-level
([1,5] range) is for “almost common knowledge” level of thinking.

Calculating the number of levels for each game we can estimate change (in percentage of
number of players) in adopting different strategy levels.

There are some limitation of this approach:

• number of players changed with rounds, since not everyone participated (it was option,
not obligation);

• limits of ranges are not defined by model or data. It can be future direction of research –
how to define levels in best way.

Results are presented in table 2.
What conclusions we can draw from this data? There are no clear difference in changing, but

at least we can summarise few points:
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Table 2
Summary of change in strategy levels

Type b-difference m-difference h-difference inf-difference

Alternative humanitarian -72 -8 0 72
Alternative mathematical -24 -6 30 -6
Alternative humanitarian -52 0 17 43

Math lyceum -9 -36 24 34
Math lyceum -10 -24 28 7

Ordinary school -49 12 20 4
DS conference attendees -14 -32 14 27

MS students -12 -50 50 12
Alternative mathematical -17 -34 23 23
DS conference attendees -17 -30 23 35

Business -32 -17 21 28

• Usually after first round and equilibrium concept explanation there is decrease in b-level
and m-level;

• Symmetrically, there is increase in two other levels, but sometimes it is more distributed,
sometimes it is (almost) all for inf-level;

• Last situation is more likely to happen in schools, were kids are less critical to new
knowledge;

• Usually second round winning choice in the realm of h-level, so groups with biggest
increase in this parameter are the ones with better understanding.

4.1.3. Size and winning choice

This game is indeed rich for investigation, let us formulate last (in this paper) finding about
this game. Can we in some way establish connection between number of players and winning
number (actually with strategies, players choose during the game)? To clarify our idea see at
figure 3. It is scatter plot of two-dimensional variable, x-axis is for number of participants in
the game and y-axis is for winning choice per round. Different color are for different types of
group, where games was played.

As we can observe, first and second rounds form two separate clusters. This is expected and
inform us that players learned about the equilibrium concept between rounds and apply it to
practice. Also there is mild tendency that smaller groups have bigger winning numbers. At
least variation is bigger.

This is yet too bold to formulate connection between size of the group and winning number,
but probably the reason is that when size of the group is bigger, number of “irrational” players
increases. It can be due to some stable percentage of such persons in any group or other reasons,
but it is interesting connection to investigate.
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Figure 3: Change in winning number for number of participants.

4.1.4. Intentionally irrational?

Another interesting finding is that after first round finished, after observing result and listening
explanation about the NE number of players, who choose over 90 (it is obviously non winning
choice) increases. It is actually not accidental, data from [22] also show increase in 2-5 round. We
believe that this is quite important part of play. This phenomena especially visible in high school
children, with strong math background (usually they has more freedom and self confidence in
choosing non-standard strategies).

4.2. Second game

In second game the key point is to understand that almost all strategies are dominated. One can
see that average can be bigger or smaller then 50, and accordingly winning choice will be 1 or
100. It is worth to note, that popular nature of these experiments and freedom to participate
make the data gathering not easy. For example many participants just didn’t take any decision
in second game. Results are summarised in the table 2.

We refine players decisions to see how many players made choices with rationalizability
(Bernheim [25]), which are best response for some strategy profile of other players. In this game
there are only two best responses possible (in pure strategies), literally 1 and 100.

This is remarkable result, players without prior communications choose to almost perfect
mixed equilibrium: almost the same percentage choose 1 and 100. This is even more striking
taking into account no prior knowledge about mixed strategies and mixed equilibrium, kids
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Table 3
Second game. Rationalizable choices summary

Type Average Choose 100 Choose 1 Count

Adults 46.5 24.3% 24.34% 115
Alternative mathematical 43.8 25.9% 27.9% 27

Business 50.6 29.3% 29.3% 99
DS conference attendees 37.4 15.8% 36.8% 114

Math lyceum 48.5 22.7% 24.7% 154
Ordinary school 51.2 30.4% 30.4% 23

play it intuitively and without any communication. To illustrate the mixed Nash learning by
groups, put dependency of percent of 1 choices and 100 choices on plot.

4.3. Third game

Third game is simpler then first two, it is coordination game where players should coordinate
without a word. And, as predicted by Schelling [26], they usually do. Date presented in the [27]
shows that 1 is natural coordination point, with one exception – Tech school decided that it
would be funny to choose number 69. Probably, it is the age (11th grade) here to blame. Also
we can note attempt to coordinate around 7, 50 and 100.

Interesting and paradoxical result, which is expected from general theory, that with fewer
options coordination in fact is more difficult. Lets consider, where players decision was to
choose integer from [1,10], only 10 choices. Comparing to previous game with 100 possible
choices, coordination was very tricky - two numbers got almost the same result.

4.4. Fourth game

Here we just note, that the winning numbers were: 12, 2, 4, 20. Since no equilibrium here was
theoretically found, we can only gather data at this stage and formulate hypothesis to found
one.

All experimental data and R file for graphs can be accessed in open repository [27].

5. Agent-based model

The existence of irrational behavior challenges the basic game-theoretic assumption about
self-interest and capability to calculate best option. In other words, real people do not think
as machines or algorithms. They form hypotheses or expectations using simple rules. These
rules are influenced by emotions, social norms and also can be changed depending on feedback
(reinforced). This use of inductive reasoning leads to two issues. first, what rules that people fol-
low? Second, suppose we know these rules, how do we model the behavior of many interacting,
heterogeneous agents in that situation?
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5.1. Netlogo

NetLogo is an environment for agent-based modeling and simulation based on high level
programming language. It is a freely available, open-source, multi-platform software.

In Netlogo agents live in ‘world’ – rectangular grid, where agents of different types can be
created. There are four four types of agents: patches, turtles, links and the observer. Patches
are fixed pieces of “ground” that make the world. Turtles can move through patches in any
distance/direction at every step of time. Links have the function of connecting at least two
agents, and are represented by lines. The observer is the overseeing agent that gives other
agents instructions and makes changes in the world. It is responsible for holding a set of global
variables.

The time passes as discrete steps called ticks, in which all agents can behave.

5.2. Model

Epstein [28] defines following characteristics of agent-based model: (1) heterogeneity – agents
are different in some ways; (2) autonomy – each agent make own decisions; (3) explicit space –
agents interact in a given environment; (4) local Interaction – agents generally interact with
their neighbors and immediate environment; (5) bounded Rationality – agents have limited
information and computing power; agent behavior is generated by simple rules that may adapt
over time; (6) non-equilibrium dynamics.

As a first step to build model of guessing games players we propose agent-based model (it
can be downloaded from the repository with experimental data) with characteristics 1, 2, 5. The
structure of model is following. Agents have properties – level, irrationality, choice. Level is
their current level of understanding, irrationality is the flag variable, which includes possible
irrational behavior and choice is the current number choice. Setup procedure allows to create
different distributions of initial levels and p is the game multiplier. On each step every agent
chooses number according to simple rules. The code is downloaded on github, here we just
informally explain the main idea. Level of agent defines the number - agents with level 0 choose
randomly from [1,100], level 1 choose from [45,55] and so on. Margins are adjustable and will
be tuned by real data in future work. After the round winner is determined, and each player
with choice bigger than winning number increase its level of understanding. In this model we
consider only five levels, where level 5 means common knowledge, when player chooses 1.

When no irrationality is in the model we can observe typical convergence to equilibrium 4
left and this is stable pattern.

But as we already know from the experiments it is not what we can observe in real life. So
irrational behavior was included to meet pattern from data.

Irrationality in our model implemented as ’anger’, when player who is currently a loser
sometimes goes to irrational mode and chooses 100 in one next round. This leads to interesting
pattern (figure 4, right), when sometimes winning number increasing in second round, but
nevertheless convergence to equilibrium is inevitable.
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Figure 4: Plots of players win choice over round.

6. Conclusions

In this paper we have presented data of experiments, analysis and explanation of patterns and
agent-based model, which can be calibrated in future. We were able to confirm existence of
pattern in decision making – every group behave in almost the same way dealing with unknown
strategic situation. We also found some deviation and this is interesting point of difference with
more “laboratory” setup of existing research. Also we build agent-based model and show how
simple rules could lead to complex behavior of players.

The main findings of the paper are following:

1. To learn the rules you need to break them. Participants have chosen obviously not
winning moves (> 66) partly because of new situation and trouble with understanding the
rules. But high percent of such choices was present in second round also, when players
knew exactly what is going on. This effect was especially notable in the cases of high
school and adults and almost zero in case of special math schools and kids below 9th
grade. We can formulate hypothesis that high school is the age of experimentation when
children discover new things and do not afraid to do so.

2. If we considered winning number as decision of a group we can see that group learning
fast and steady. Even if some outliers choose 100, mean still declines with every round. It
seems that there is unspoken competition between players that leads to improvement in
aggregated decision even if no prize is on stake. Actually, it is plausible scenario when
all participants choose higher numbers. But this didn’t happen in any experiment. The
closest case – Tech school, when bunch of pupils (posible coordinating) switch to 100 still
only managed to keep mean on the same level.

3. Still it seems that there is stable percent of people, who choose about 100 and it is not
about learning how to play the game. We think that this is something like -1 level of
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reasoning, when player intentionally play “bad move” and this is essential part of model.
If we neglect such persons and their motivation, our model will not be correct.

4. agent-based model is the key element to computational analysis of game theory models.
We create model with simple rules, which shows close to reality behavior. Now we can
simulate different rules and understand limitation of the model.
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Some ways of increasing the efficiency of teaching
data structures
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Abstract
Nowadays computer modeling and simulation are widely used in computer science education. There are
several ways of increasing the efficiency of the educational process. One of such ways is visualization,
the other way is flipped classroom concept. The study aims to present some ways of increasing the
efficiency of teaching data structures (hashing, trees) during the Algorithms and data structures course.
We conducted two experiments with four study groups of two subjects of the Algorithms and Data
Structures – (1) Hashing, (2) Trees (BST, RBT, AVL), – taught second-year bachelor students. In the
first experiment, study groups were prepared on the subjects (1) and (2) by the same level of teaching
technique with or without visualization tools. Unlike the first experiment, in the second experiment, we
used flipped classroom concepts for one study group and a standard way of teaching for another group.

Keywords
computer science education, algorithms, data structure, visualization, flipped classroom

1. Introduction

Computer modeling and simulation has become a widely used tool for solving real-world
problems, for training and research on human-computer interaction with complex work and
different environments. A simulation is defined as a working representation of reality [1]
and can be an abstracted, simplified, or accelerated model of a process or system. Computer
modeling and simulation allow exploration cases even if reality is too expensive, complex, or
dangerous [1]. For purpose of appropriately using computer modeling and simulation, we need
to prepare students to develop and operate with such applications.

Many concepts of computer science and software engineering are difficult for students to
understand. Algorithms and Data structures are one of the most important subjects in Computer
Science, which is required by all programmers. Programmers need to know how to handle the
data in huge quantities, how the data should be stored in the memory and how the memory
should be used efficiently. We search the effective ways for implementing pedagogical tools and
approaches for proper demonstration of important concepts of algorithms and data structures.
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Lee and Lee [2], Knutas et al. [3], Ling et al. [4] discuss the flipped classroom methods for
programming courses and promoting student engagement using this method for ordinary or
large-scale courses.

The topics of team-based learning and other trends in higher education are considered by
Vlachopoulos et al. [5], Burbules et al. [6]. Chang et al. [7] examine the difference in student
motivation during data structure courses conducted with the visual programming language and
Java.

Karavirta et al. [8], Budiman et al. [9, 10], Stasko [11], Ševčíková and Milková [12] describe
the taxonomy of algorithm animation languages, multimedia applications for data structure
visualization, and tools for visualizing contents media of data structure courses for mobile
learning. Wang [13] proposes a public computer lab management system with four functional
parts that provide a convenient and efficient way for the teachers and students to communicate
and improves the management level of a public computer lab.

The flipped classroom approaches presented by Tyler and Abdrakhmanova [14], Peetham-
baran et al. [15], Bikanga Ada [16], Hossain [17], Hendrik and Hamzah [18]. These studies
show the effectiveness of flipped classrooms in a wide range of subjects like Engineering, Edu-
cation Technology, Mathematics, and Statistics, etc. The studies also show the effectiveness of
flipped classrooms in programming courses. These studies also found that the flipped classroom
method facilitated learning, helped students to develop soft and hard skills, improved students’
innovative consciousness and attitudes.

There are other pedagogical approaches that can be used in teaching. Mutua et al. [19],
Šimoňák [20, 21, 22, 23], Šimoňák and Benej [24], Supli et al. [25], Mocinecová and Steingartner
[26] described different algorithm visualization platforms that can be divided as web, mobile
and desktop applications.

To study this problem, we use such methods as a literature review, own experience in teaching
algorithms and data structures, tasks, tests, statistical analysis, etc.

2. Algorithms and Data Structures learning roadmap

Algorithms and Data structures are really important courses for every concept used in com-
puter science and software engineering. There are many concepts involved in the subjects
of Algorithms and Data structures. There will be many questions for educators like how to
learn Algorithms and Data structures, as there are many concepts involved without getting
confused during attending the course. For teaching the one-semester course “Algorithms and
Data structures” we used the third edition of the fundamental classic CLRS book [27].

The roadmap of teaching and learning and Data structures we define as two main parts
presented in schemes on figure 1 (part 1 – Algorithms) and figure 2 (part 2 – Data structures).
Part 1 includes such topics as:

• Algorithms analysis technics – asymptotic analysis and notations, Big-Oh, complexities
of algorithms, worst, average, best cases of algorithm performing, recurrences, master
theorem for solving some types of recurrence equations;

• Sorting algorithms with comparisons – bubble sort, selection sort, insertion sort, merge
sort, heap sort, quicksort;
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• Sorting algorithms without comparisons (in linear-time) – bucket sort, counting sort,
radix sort;

• Searcher algorithms – linear search, binary search, jump search.

Figure 1: Algorithms learning roadmap.

Part 2 includes data structures topics:

• Linear data structures – array, stack, queue, linked list;
• Non-linear data structures – hashing (direct hash tables, collisions, open addressing,

double hashing, perfect hashing), trees (BST, RBT, AVL), graphs, heaps;
• Augmented data structures.

Algorithms and Data structures are used to design an efficient algorithm, organize data access,
and economize the execution time of programs. Data structures are widely used in operating
systems, database management systems, statistical soft-ware, compiler design, numerical analy-
sis, and artificial intelligence simulations. Algorithms and Data structures play a significant
role in the computer science and soft-ware engineering domain. The course of algorithms and
data structure introduces the basic data type, such as byte and character string, and presents
collective data types, linked lists, stacks, arrays, queues, trees, heaps, and priority queues and
complex data structures and, and focuses on programming methodologies, problem-solving
strategies, and algorithm development.
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Figure 2: Data Structures learning roadmap.

The algorithms and data structures courses are typically conducted with lectures with home-
work, labs, and projects. Students are asked to learn algorithms implementation, data structures
representations. However, students often have misconceptions. Without proper knowledge
of the many classical algorithms and data structures considered in the course, it is difficult
for students to understand when best to use which data structures. Such approach with the
in-class lecture was mostly teacher-centered and student-teacher interaction in the class was
not enough.

To find more effective ways of teaching algorithms and data structures we considered different
approaches – visualization and flipped classroom concept. We decided to compare the effect on
students learning results of using both approaches. The results of our research are presented in
the last section. We chose Hashing and Trees topics for our research study.

The main problem of hashing, studied in the classical course Algorithms and Data Structures
includes the following topics: hash tables (a generalization of an array representation), direct
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addressing (using an array, the size of which is comparable to the number of actual keys
stored in it), resolving possible collisions (avoiding cases of different keys entering the same
slot), constructing hash functions (there are a large number of implementation options), open
addressing (collision resolution method), universal and ideal hashing (used to maintain 𝑂(1)
time in the worst case for a statistical set of keys when performing dictionary operations).

Binary Search Trees (BST) support operations: queries – tree traversal, finding the minimum
by value, finding the maximum by value, finding the next by value, finding the previous by
value, finding a node with a given key value, and operations that update BST – Insertion and
Removal of a Node. When studying these operations, it is necessary to draw the attention
of students to the peculiarities of performing these operations, as well as the peculiarities of
inserting and removing nodes. When deleting nodes, students need to consider all three possible
deletion scenarios.

Red and Black Trees (RBT) are challenging enough for students to learn. RBT is a binary
search tree that has an additional field x.color (red or black) and obeys the red-black properties
(RB properties):

• each node is either red or black;
• tree root and leaves (nil[T]) are black;
• if the node is red, then both child nodes are black;
• for each node, all paths from it to the leaves, descendants of this node, contain the same

number of black nodes.

The color field and RB properties allow the tree to be balanced. Query operations in the RB-
tree are performed in the same way as in the BST. Structure-altering operations, INSERTs, and
DELETEs can violate RB properties and require balancing. In the case of RB trees, the ROTATE
operation is used to restore the RB property. In codes, the rotation operation is implemented by
redesignating node pointers.

Another example of a balanced binary search tree that we recommend to study with students
is AVL trees, which for balancing are supplemented with a node height parameter (or store the
value of the difference in heights of the left and right subtrees, i.e., one of the values -1, 0, +1),
and also obey the property of the AVL tree: the value of the left and right subtrees of any node
should not differ by more than 1. The operations supported by AVL trees are the same as in the
BST (binary search tree), RBT (red-black trees). Searching for the smallest (MIN), largest (MAX),
next, and preceding element by value, searching for a node with a given key – are performed
according to the same algorithms as in BST. The operations of inserting and deleting a node are
first performed, as in the binary search tree, but then it is necessary to check whether the AVL
property is violated. After that, it is necessary to carry outbalancing.

Flipped classroom approach has become popular in education in recent decades. The flipped
classroom is a student-centered pedagogical approach in which the typical course lecture and
homework are reversed. Successful flipped classroom implementation involves not just having
lecture videos available before class.

The algorithms and data structures course lasts 18 weeks over a semester. The class meets
twice a week. We chose two topics of data structures – Hashing and Trees – for using flipped
classroom concept. Each week, we recorded the lecture in several 15-to-30-minute videos. The
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lecture videos are made available on Moodle before the in-class lecture. Students were instructed
to watch the lecture videos before coming to class each week. In a class, face-to-face meeting,
students are given worksheets, which ask students to practice the topics of data structures
presented in the lecture videos each week. At the end of class, the worksheets are checked
for completeness and returned to the students. Students are encouraged to help answer any
questions by a teacher, to discuss, and to work out the tasks on the worksheets together with
other students.

The same two topics – Hashing and Trees – we chose for implementing the visualization
approach. There are a lot of algorithms and data structures visualization systems available. And
it is not easy to find tools that fully meet the needed requirements. As a tool of visualization, we
chose the visualization modules suggested by Mathematica 12.0 that include visualization
features of hashing and trees.

Algorithms and data structures visualization can be seen as a valuable supporting pedagogical
tool, used as an addition to standard classical ways of education in the field of computer science
and software engineering.

Šimoňák [23] concludes, that studies in which students only viewed visualizations, usually did
not indicate significant learning advantages over students using conventional learning materials.
It can mean that using visualizations does not guarantee students’ better understanding of
algorithms.

3. Experiments and results

We conducted two experiments with four study groups of the two subjects of the Algorithms
and Data Structures – (1) Hashing, (2) Trees (BST, RBT, AVL), – taught second-year bachelor
students. In the first experiment, we had two study groups (A1, B1). These study groups were
prepared on the subjects (1) and (2) by the same level of teaching technique (same level of
explanation by the same teacher using the traditional approach). The difference was that that
group A1 used visualization tools while group B1 did not apply such tools. We divided both
groups as A1_h, B1_h when we collected results of experiment 1 on the “Hashing” topics, A1_t,
B1_t – in case then students were learning “Trees” topics.

The second experiment involved two groups – A2, B2. They also studied Hashing (A2_h,
B2_h) and Trees (A2_t, B2_t) topics. Unlike the first experiment, in the second experiment, we
used flipped classroom concept for group A2 as a pedagogical approach. Study group B2 was
prepared by the same teacher in a standard way using the whiteboard.

In the first experiment, the number of students in group A1 was 28, group B1 had 26 students.
In the second experiment, the number of students in group A2 was 31, the number of students
in group B2 was 25.

The tests at the end of studying topics of subjects (1) Hashing, (2) Trees (BST, RBT, AVL)
consisted of four questions (0.5 points each) and were provided using a free and open-source
learning management system Moodle and Google Forms. The results of the tests by groups and
topics are shown in figures 3 (for experiment 1) and 4 (for experiment 2).

In both experiments questions on Hashing were selected from the set of questions from trivial
hashing, chaining for collision handling, open addressing, double hashing, perfect hashing. For
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Figure 3: Scores were achieved by students in the first experiment.

a test on Trees subjects, we selected questions from BST, RBT, and AVL trees.
The total scores achieved by students from group A1 on Hashing (A1_h) and Trees (A1_t)

were 30 and 22 respectively. Average scores within the group A1 on Hashing (A1_h) and Trees
(A1_t) were approximately 1.071 points and 0.789 points respectively.

The total scores for group B1 on Hashing (B1_h) and Trees (B1_t) were 20 and 20 respectively.
Average scores within the group B1 on Hashing (B1_h) and Trees (B1_t) were approximately
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Figure 4: Scores were achieved by students in the second experiment.

0.769 points for B1_h and B1_t.
The total scores achieved by students from group A2 on Hashing (A2_h) and Trees (A2_t)

were 32 and 31.5 respectively. Average scores within the group A2 on Hashing (A2_h) and Trees
(A2_t) were approximately 1.032 points and 1.016 points respectively. The total scores for group
B2 on Hashing (B2_h) and Trees (B2_t) were 19 and 19.5 respectively. Average scores in group
B2 were approximately 0.760 points for B2_h and 0.780 for B2_t.
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Results of the first and second experiments are presented in table 1. From the results we can
conclude the following:

• In the first experiment, group A1 that used visualizations achieved better results. In
the case of topic (1) Hashing the difference in average score was 1.071 vs. 0.769, with
a standard deviation of 0.766 and 0.710 respectively. In the case of topic (2) Trees, the
difference in average score was 0.786 vs. 0.769, with a standard deviation of 0.630 and
0.667 respectively. Thus, the result for the topic (1) was much better for group A1 than
for group B1. The result for the topic (2) was almost the same for both groups A1 and B1.

• In the second experiment, group A2 that used flipped classroom concept achieved better
results. In the case of topic (1) Hashing the difference in average score was 1.032 vs. 0.760,
with a standard deviation of 0.752 and 0.723 respectively. In the case of topic (2) Trees,
the difference in average score was 1.016 vs. 0.780, with a standard deviation of 0.723 and
0.693 respectively. Thus, the result for topics (1) and (2) was much better for group A1
than for group B1.

Table 1
Statistical results of experiments

Experiment 1: Visualization Experiment 2: Flipped classroom
Hashing Trees Hashing Trees

A1_h B1_h A1_t B1_t A2_h B2_h A2_t B2_t
Number of students 28 26 28 26 31 25 31 25
Total score 30 20 22 20 32 19 31.5 19.5
Average 1.071 0.769 0.786 0.769 1.032 0.760 1.016 0.780
Variance 0.587 0.505 0.397 0.445 0.566 0.523 0.541 0.481
Standard deviations 0.766 0.710 0.630 0.667 0.752 0.723 0.736 0.693

4. Conclusions

There are a lot of approaches to the implementation of some ways of increasing the efficiency
of teaching data structures (hashing, trees). We conducted two experiments with four study
groups of two subjects of the Algorithms and Data Structures – (1) Hashing, (2) Trees (BST,
RBT, AVL), – taught second-year bachelor students. In the first experiment, study groups were
prepared on the subjects (1) and (2) by the same level of teaching technique with or without
visualization tools. Unlike the first experiment, in the second experiment, we used flipped
classroom concept for one study group and a standard way of teaching for another group.

Flipped classroom and visualization as pedagogical tools can be used to teach students the
necessary skills and competencies in algorithms and data structures.
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Abstract
Currently, augmented reality is one of the most actively developing technologies, which has also found its
application in the field of education. Analysis of various publications has confirmed that AR technology
opens up new opportunities for teachers and increases the attractiveness of learning for students of
different ages. Mobile AR apps allow the student to see a real-world environment with overlaid or
composite virtual objects. This is especially true for young children. The article identifies the activities
that provide a child’s personal experience using AR technology. Comparison of existing AR applications
for learning the alphabet is given. A new AR application is described, which was developed using Unity,
C#, Vuforia. The developed mobile AR application provides an opportunity to study the Ukrainian
alphabet, the names of numbers, the sounds of animals. Thanks to this application, the learning process is
accompanied by three-dimensional visualization and sounding of each letter and number. An analysis of a
survey of teachers and parents showed that when using an AR application, the interest and self-efficacy of
children in learning letters and numbers significantly increased. The use of the AR application increased
the speed of memorizing the material and helped to retain the child’s attention while learning a new
material.

Keywords
augmented reality (AR), mobile application, early literacy, visualization of educational information,
AR-application, studying letters, 3D model, Vuforia

1. Introduction

In the modern world, technology development trends dictate the constant introduction of new
products in all spheres of life. The technology that is currently being actively developed and
implemented is augmented reality (AR). Its main advantage is that a smartphone is enough to
use it. With the help of AR technology, virtual objects can be integrated into the material world:
an augmented reality camera using AR programs captures reality and looks for predetermined
target points in it – markers to which virtual objects are attached. Augmented reality technology
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allows you to combine the real and virtual world. Supplement existing objects with virtual ones
for better visualization. AR apps work with 3D objects, texts, images, videos, and animations.
They allow you to combine and enable users to freely interact with events, information and
objects [1, 2, 3, 4, 5].

With the development of software and hardware, augmented reality technologies are actively
used in many areas: advertising, entertainment (games), marketing, medicine, engineering, and
much more. As one know, the best technologies are being introduced into educational processes,
as the fundamental facet of the entire development of society [2].

Literacy is a critical aspect of the healthy growth and development of young children. Early
childhood education is the period when a child develops skills, knowledge and interest in
learning. Including the basics of written and spoken language. Since the problem of reading
among elementary school children is especially acute today. According to the standards, by the
end of the first grade, the child should read aloud the available texts mainly in whole words
(individual words of a complicated structure – in compositions). Which involves knowingly
reading 40 words per minute [6]. Consequently, in the case of late literacy, the child during the
period of study in the first grade, in addition to the stress due to the mode of life, receives the
stress of academic failure. To avoid problems in the process of school education, it is necessary
to start learning literacy in a playful way at an early preschool age.

Today, AR’s potential for education is being actively explored by Osipova et al. [1], da Silva
et al. [2], Santos et al. [3], Syrovatskyi et al. [4], Wojciechowski and Cellary [5], Kiv et al.
[7], Thomas et al. [8], Singhal et al. [9]. In the race to improve the memorization of the
material by students, teachers are trying to diversify the educational process. That is why the
introduction of the ability to interact simultaneously with virtual and real objects will make the
learning process more fun and memorable [9]. In addition, the introduction of augmented reality
technology into the educational process can increase the creative component of a student’s
thinking. And it will also help to perceive complex things in a visual way “from all sides”,
which will make learning more flexible and deep. Therefore, the use of AR in education is an
important task. The use of augmented reality technology is a very promising direction for the
education system [2, 7, 8]. This requires the appropriate software. Not every teacher can prepare
a mobile program [1, 4]. Therefore, the development of the necessary mobile applications is
very important [4].

2. Literature review

Each stage of education has its own key characteristics. Augmented reality in higher education
is focused on the study of material, which previously could only be studied theoretically on
the image in the book. For example, Thomas et al. [8] describe current examples of the use of
augmented reality that can improve teaching and learning in various areas of higher education,
including, but not limited to, medical education, language learning and science. And also
offer possible ways of implementation in the educational process. Nesenbergs et al. [10] offer
generalized knowledge of how augmented reality technologies are applicable and affect distance
learning in higher education. Namely, identifying the impact on such learning outcomes as
academic performance and engagement at all stages of higher education from preparation for
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the course to assessment and grading of students.
Actual use of augmented and virtual reality to study dangerous to human areas, mechanisms

and instruments. In this case, the use of AR will allow you to consider the process in detail,
try to independently perform a number of actions, which increases the level of knowledge
and reduces the percentage of risks. The experience of using these modern technologies has
already been described in a number of publications. Saravas et al. [11] describes a VR simulator
for training workers of metallurgical enterprises in the design of complex mechanisms before
starting repair work. At the heart of the simulator, the authors propose a component that can
be used for any virtual reality equipment and will be further adapted to augmented reality
devices. The use of virtual reality is presented by Song et al. [12] as a set of virtual reality
training systems for three different types of cranes for students. The results of a study at the
Department of Architecture and Architectural Engineering, Yonsei University, South Korea
showed that the VR crane training system significantly improved students’ self-esteem when
operating the crane. The analysis showed that the change in self-efficacy is due to ease of use,
mediated by the sense of presence and perceived usefulness.

Implementation of AR programs was carried out in many subjects. The work of Tosik Gün
and Atasoy [13] is devoted to the analysis of learning outcomes in mathematics. The students
studied “Geometric objects and measuring volume”. Instead of the classical material, didactic
materials with AR markers on paper were provided. The results of the study confirm an increase
in the comprehensibility of the chosen topic and an increase in academic performance. Also
in work by Hung et al. [14] the application of AR in biology lessons is considered, namely the
comparison of understanding the material using augmented reality and with the standard use of
textbooks. The results showed that the lessons with augmented reality were deeper in the study
of the material and more practice-oriented. Which, in turn, is more interesting for children.

Augmented reality in secondary education is focused on supplementing existing knowledge
with more visual demonstrations, as well as explaining abstract phenomena with examples that
can be detailed. In [15], augmented reality technology was used in physics lessons within the
school curriculum, which showed a deeper academic performance, as well as involvement in
the academic subject. Salmi et al. [16] came to the conclusion that the use of AR in the learning
process is effective for all children, especially for those who previously had low academic
performance and learning ability.

Augmented reality in education involves expanding existing knowledge or learning new
ones with the help of visual aids, which improves the quality of the study of the material.
Today there is experience of using augmented reality for school textbooks, teaching aids, books
[17, 18, 19, 20].

Kravtsov and Pulinets [17] describes the use of AR on the example of visualization of models
of physical processes in a school physics course. The authors have developed 3D models that
appear when hovering over pictures in physics textbooks. Also, visualization of the thermal
conductivity of physical bodies using AR allows the student to participate in the experiment.

A particular attraction is the use of augmented reality in the education of young children
[21, 22, 23, 24, 25, 26, 27, 28]. Yilmaz et al. [18] examined the understanding of information
by preschoolers, as well as whether they enjoy the process. The research results demonstrate
the emotional involvement of children in the learning process and their emotional uplift. The
use of AR software for studying books made it possible to notice that children remember the
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plot faster, and then they involve their parents in retelling the story based on “coming to life
pictures” [18, 19].

Play as a teaching and learning tool for preschool children is suggested by Chrisna et al. [23].
The aim of the research is to create an educational game about animals for young children.
The authors propose an augmented reality app “Kotak Edu” that teaches children to identify
three-dimensional animal shapes and helps improve literacy.

Costa et al. [24] also focuses on game-based learning. The paper presents a mobile augmented
reality platform for educational purposes. The platform includes a mobile application, which
consists of a location game aimed at understanding the universe, and an e-office, which allows
teachers to enter information about celestial bodies.

An urgent task for the application of augmented reality is an early literacy [22, 23, 25, 26, 27,
28]. Mahayuddin and Mamat [25] studied the use of a mobile augmented reality application
for teaching phonetic literacy to children with autism. At the Malak Autism Education Center,
educators used the AR-app to improve literacy in children with autism using a phonetic teaching
method. Observations have shown that children with autism are addicted to three-dimensional
visual objects, and the application helps to associate graphics with images of the surrounding
objects. Visual and sound effects attract children and focus their attention mainly on literacy
and learning. But the authors consider the unstable operation of the mobile AR-application to
be a negative point, which requires further refinement.

Che Dalim et al. [26] explores how AR technology helps young children learn English
that is not their native language. The article describes the experience of children in terms
of gaining knowledge and pleasure from learning using a combination of AR and speech
recognition technologies. For this, the authors have developed a prototype AR “TeachAR”
interface. Experiments have shown that thanks to the combination of AR and the traditional
method, young children learn language faster and easier.

The experience of developing and using a mobile application with augmented reality for
learning the alphabet by children is described by Nanda and Jha [27]. The authors confirm that
the possibilities of augmented reality are a fun new way to involve children in learning the
alphabet. The AR-app allows kids to become more familiar with letter recognition, learn letter
pronunciation and improve their skills and memorization.

Nigam et al. [28] also presents an augmented reality application that creates an interactive
alphabet learning environment for children. The authors report that the app motivates children
to self-study.

Thus, augmented reality is widely used at various levels of education such as higher education,
secondary education, primary education, and preschool education.

For young children, training is successfully carried out with a playful form. Motivation, fun,
and curiosity are important ingredients in any educational game. Publications confirm that this
can be achieved using augmented reality technologies.

Augmented reality in preschool education involves the use of colorful images of simple things
such as illustrations for a book, simple shapes, animals, numbers, and the beginning of learning
the alphabet.

From the age of 3, the child remembers the order of actions with the phone starting from the
fourth demonstration. Thus, even without knowing how to read, the child can use the mobile
application on his own. The mobile application is seen as an additional element of interest in
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training and will not replace a fully-fledged training.
However, implementation in early childhood education is still limited as the required software

is required. Therefore, the development of a learning environment with augmented reality for
learning Ukrainian letters for young children is very important.

3. Activities that provide a personal experience of the child with
the help of AR technology

The characteristic of competence as a personal achievement of a child, as a result of the
educational activity of an adult with a child, is considered by us as a sequence: an emotional-
value attitude, the formation of knowledge, life skills [29]:

• Emotional-value attitude: shows interest in computer and digital technology (computer,
tablet, phone); motivated by the value of respectable interaction in the Internet space;
has a cognitive need for discussion during computer games (educational, developmental,
game), shows respect for other participants in the information space (users), shows a
positive attitude towards modern digital technologies, reacts emotionally to the plot of
computer games, demonstrates interest in communicating with others through technical
means during the game and outside it, determines the value preference in the choice of
educational and developmental games, and the like.

• Formation of knowledge: has an idea of information, communication and digital technolo-
gies as modern technical means that expand information horizons and help to navigate
in the world in conditions of high technicalization of life, demonstrates the formation of
knowledge about the features of computer technology, ways to control it with the help
of peripheral devices, correctly names it components, knows the purpose and names of
peripheral devices, deliberately uses computer technology (as intended); possesses the
skills of searching, transferring information, is familiar with the basic resources of the
Internet and the rules of the information world and knows how, if necessary, to protect
himself from various information threats, practically possesses digital tools, knows how
to use interactive exercises, performs operations and algorithmic actions of the initial
user, which constitute one of the essential components of educational activities, realizes
digital technologies contribute to the development of skills necessary for problem solving,
analytical thinking, creativity, the formation of interpersonal emotional intelligence,
including empathy, cooperation, social awareness).

• Life skills: a child is able, independently or with partial help from an adult, to turn on
computer equipment and use it while playing, drawing, constructing, modeling. Com-
plies with the safety rules for the use of computer technology. Manages himself while
communicating on the Internet and in computer games, discovers the ability to behave
safely with strangers on the network; is responsible for respecting computer technology;
can deliberately differentiate and select cognitive and game content, characterizes its
content; shows the ability to complete computer lessons on time.

The work consists of three stages:
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• first is the presentation of the original problem due to the situation – the identification of
a friend in a new material;

• second is the presentation of a visual image – forecasting, putting forward hypotheses
about the past or future of objects, a situation that needs to be understood;

• third is the implementation of practical actions with cognitive material – the unification
of the elements of the understandable as a whole.

The listed activities of a child with AR technologies and stages of work are possible if there
are structural components of the learning model. We have defined the construction of a teaching
model as an imitation of the educational process of teaching literacy by creating a schematic
order. The training model has the following form (figure 1), it reflects all the elements as a
single system.

Figure 1: Stages of work with AR technology.

At the center of all work is the child of preschool age as the central object of the influence
of many factors: content, pedagogical, didactic, technological and others. When organizing
cognitive activity, the following algorithm is advisable: all codes are used that carry a sensory-
cognitive, logical-mathematical meaning, elements of research search – a word, a drawing, a
physical image, a diagram, a model, and practical actions [29].

The introduction of early literacy is an excellent simulator for the classic literacy that a child
will encounter in the senior group of kindergarten and in elementary school. In addition, at an
early stage of literacy, the child’s interest in learning can be adjusted, the intensity of learning
can be smoothly introduced, thereby learning will take place in a healthy and environmentally
friendly manner.

In this regard, a more detailed study of this problem made it possible to identify the necessary
rules for using AR. We make the following proposals for the promising spread of directions for
using AR technologies for teaching preschool children and primary school children:

• Continuous viewing of training exercises – no more than 15 minutes.
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• Working with modern technologies in accordance with sanitary requirements is allowed
no more than 2 times a week (morning and afternoon).

• Based on the content of teaching literacy under the “Confident Start” program [29] in
preschool educational institutions, the mobile AR-application will allow you to adjust the
educational process, prepare the child for school: during the pre-literate period, master
the elements of literacy, carry out preparatory, propaedeutic work to master the elements
of written speech; to get acquainted with the basic units of speech and learn how to
correctly use the terms to mean “sentences”, “words”, “sound”, “syllables”, “letters”.

4. Analysis of similar mobile applications

During the research of analogs existing in the Google Play Store, many applications similar
in topic and technical direction were identified. But only those that use augmented reality
technology were selected. At the same time, they are aimed at carrying the elements of the
game into the process of teaching children language basics.

Alphabet-AR [30] is an addition to the printed alphabet, aimed at capturing children’s attention
to the process of learning the Ukrainian language. By scanning the pages of the book, the
application installs in their place a three-dimensional animated model, endowed with sound
in the form of individual sounds, words or verses. The 3D models used in Alphabet-AR are
endowed with bright colors and pleasing visual style, which is a definite advantage considering
the target audience.

Unfortunately, it was not possible to conduct a full testing of the product, as it is necessary to
purchase a special alphabet, a link to which was not found during the inspection of Alphabet-AR.
This fact can be attributed to a number of disadvantages, since everyone will not be able to
freely use this application.

Another analogue, similar to the program under development, is the 360ed Alphabet AR [31],
aimed at teaching children the English language using augmented reality and linguistic games.
Unlike the previous program, in this product there is a link to a demo card with vivid images
necessary for displaying models in augmented reality, as well as the ability to listen to the
names of cards in different languages. From a technical and graphical point of view, the app
is executed on high pebbles. The only drawbacks are the inability to choose the Ukrainian
interface language and the need to purchase the full version of the program to open the full
range of application capabilities.

The latest analogue of Kids Alphabet Learning with Augmented Reality [32] differs from the
previous counterparts in its minimalistic interface design and limited functionality. The program
has the ability to scan maps, which can be downloaded through the built-in instructions, and
display flat drawings based on the scanned image. This is the main and only function available
in the application, which is a disadvantage. But it should be noted that the visual style used
looks attractive to the target audience.

So, the considered analogs of applications indicate that on the market of free mobile applica-
tions there are many similar programs that differ only in the quality of execution, language
and territorial characteristics. On the other hand, it should be noted that there are almost no
separate applications aimed at the Ukrainian-speaking user. In addition, a combination of skills
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Table 1
Comparison of the analyzed analogs

Comparison indicator
Application

Alphabet-AR 360ed Alphabet AR Kids Alphabet Learning with AR

Using 3D models + + -
Using AR (augmented reality) + + +
Availability of sound + + -
The presence of the
Ukrainian language + - -

in learning letters, numbers and animal sounds was not found.
Also, applications, functional and technical elements, which can become a support for further

development, are analyzed (table 1).
Thus, both the advantages of existing analogues and disadvantages were taken into account.

Based on this knowledge, it was decided to develop a new application “Fox Alphabet AR”, which
maximizes all the advantages and takes into account the disadvantages of analogs.

5. Development of a mobile application “Fox Alphabet AR”

For the development of the application, a free cross-platform environment for developing
computer games Unity was chosen. This environment has a rich set of tools for creating 3D mea-
surements in augmented reality. To write program modules, the object-oriented programming
language C# was used, since there is support for the latest version of Unity [33]. During the
development of the application, an analysis of existing libraries and add-ons was carried out that
allow displaying three-dimensional objects in augmented reality. It was necessary to give pref-
erence to one of the alternatives: ARCore [34] or Vuforia [35]. We compared the performance
of a mobile app with augmented reality based on general performance characteristics based on
Vuforia and AR Core (table 2). From the above table, you can see that software applications
behave in about the same way, but the launch speed of an application built on ARCore is higher.
If we analyze the accuracy of working with the application, and this is the main criterion, since
the application is planned for children to work, then Vuforia works better at short distances,
and ARCore at further ones. In addition, Vuforia is more efficient than ARCore.

From the above table, you can see that software applications behave in about the same way,
but the launch speed of an application built on ARCore is higher. If we analyze the accuracy of
working with the application, and this is the main criterion, since the application is planned for
children to work, then Vuforia works better at short distances, and ARCore at further ones. In
addition, Vuforia is more efficient than ARCore.

Thus, in order to ensure the minimum requirements for the hardware component of the future
product, it was decided to choose the second possible version of the library. Although the techni-
cal potential of the Vuforia package lags slightly behind ARCore, the available functionality will
be enough to complete the task. The main function of the application is to study the Ukrainian
alphabet. For this, models of letters were created, which are shown in the figure 2. Additionally,
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Table 2
Testing applications running on Vuforia and ARCore

No Comparison indicator Vuforia ARCore

1 Change screen orientation: vertical positioning + +
2 Change the screen orientation: horizontal positioning + +
3 Interrupt: call + +
4 Interruption: sms + -
5 Interrupt: system notification + +
6 Interruption: folding - +
7 Interruption: sleep mode + -
8 Device memory full - +
9 Insufficient battery charge (less than 20% ). + +
10 Display accuracy at a phone angle of 20 to 160 degrees 71% 67%
11 The efficiency of the application when changing the distance

of the smartphone to the marker from 10 to 65 centimeters 74% 61%
12 Application launch speed 7 sec 4 sec

the application contains models of numbers and animals. For all letters, corresponding sounds
are provided, for numbers – the sound of the name, for animals – their sounds.

To save images, with subsequent recognition by the system, a database was chosen offered
by the Vuforia platform, which is available to registered users [35]. Also, in order to provide
users with the ability to freely download and use the cards necessary for recognition by the
application, it was decided to embed a link to the archive in the Google Drive cloud storage.

Before writing software modules and setting up augmented reality, the first priority is to load
images into the Vuforia database that will be used for scanning. For this, two groups of cards
(letters and numbers) were selected, which will become the basis for displaying 3D models in
subsequent development steps. A total of 47 images were used, sized 3.15 MB. Along with the
image, a list of audio signals of the same number is created.

The next step in creating augmented reality is to assign to each image, from a previously
created database, the corresponding 3D models. Thus, for each card after successful recognition,
its own three-dimensional model will appear. Recognition is implemented by means of the
Vuforia library.

The assignment of the image to the corresponding 3D models is done by hand using the Unity
editor. For this, a software module is implemented for each image, in which the application
receives instructions for actions when the image is recognized by the camera. An example of
the object from the development environment is shown in the figure 3.

To increase the speed of the system, it was decided to split the application into two mod-
ules. The first module includes only the interface, and the second – the main functionality of
augmented reality.

To work with the application, the main menu is provided, where you can select one of the
training sets. Also added instructions and additional notification of the need to download
the cards on which the training takes place. All actions for the child are also voiced in the
application. In addition, when you point the phone at the card and when the 3D model appears,
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Figure 2: Examples of 3D letter models.

dubbing occurs. Thus, learning takes place on a visual level and on an auditory and tactile level.
Since the cards can be printed separately, and the child can play with them outside of training
in the application. In order to study the next map, it is enough to point the phone at it. The
figure 4 shows an example of how the application works.

6. Results and discussion

The study of letters – the alphabetical period in the modern method of teaching literacy is
divided into two stages. At the first stage, the letters denoting vowel sounds are studied and
letters denoting consonants. At the second stage – letters that contain several sounds, as well
as letters that make the sound softer, in which children move on to reading words of a more
complex structure. The division into stages is advisable because it allows you to more clearly
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Figure 3: The example screen view of the object from the development environment.

define the tasks of the stages of learning and thus develop a system and methodology for the
work of teachers and children.

In the experiment, we took into account the new requirements for training in accordance
with the Concept of the New Ukrainian School, the main goal of which is to prepare a competent
modern Ukrainian. Therefore, it is necessary to change the forms, methods and technologies of
teaching. An experiment was conducted on the use of the developed mobile application with
augmented reality among children.

We carried out a survey of the participants in the experiment, namely, teachers of educational
institutions and parents of the city of Mariupol.

The survey was designed to analyze and support further data collection on the current trend
in AR learning adoption. The objective of the survey was to collect enough examples of software
applications to determine whether the mobile application was useful.

As the parameters of the survey, we chose the achievement of a certain function and the use
of certain capabilities by students. For our study, it was important to identify the interrelated
characteristics of learning (the speed of learning – familiarization, the speed of memorization
and the frequency of independent use of letters), which affect the learning outcomes. Evaluation
of success in terms of indicators was determined by two groups of survey participants: teachers
and parents. An analysis of the implementation of an AR application for educational institutions
and parents is shown in the table 3.

The table displays the number of days for a child to achieve a certain function before and
after using the AR mobile application. The figure 5 shows a diagram of the views of teachers,
and the figure 6 – the opinions of parents.

To analyze the use of the developed software according to the first characteristic, it was found
that the speed of a child’s acquaintance with letters increased, the study became 2.5 times faster
than without the use of AR technologies.
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Figure 4: An example of using the application “Fox Alphabet AR”.

According to the second characteristic, the speed of memorization increased according to
the observations of parents and teachers from 10 days to 3 days and from 5 days to 3 days,
respectively. This demonstrates the effectiveness of the use of AR technologies at different
stages of the study of letters. The data of the third characteristic – the frequency of independent
use, most clearly demonstrate a well-designed application. This confirms the fact that children
tend to independently use the learned letters when performing tasks and in everyday life
(respectively, they use the studied material 2 times more often than without the use of AR
technologies). Average registered effect size – doubled letter and learning frequency.

Thus, the results showed that the learning system for letters and numbers when using AR
significantly increased the interest and self-efficacy of children. The speed of memorizing the
material has also increased.
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Table 3
Results of the answers of teachers to the question: Do you find this technology affects children’s
learning?

opinions of educators (27) opinions of parents (81)
Speed of
study by
the child
(days)

Speed of
memoriza-
tion by the
child (days)

Frequency
of self-use
(days)

Speed of
study by
the child
(days)

Speed of
memoriza-
tion by the
child (days)

Frequency
of self-use
(days)

Before the introduc-
tion of AR

5 10 3 10 5 5

After the introduc-
tion of AR

2 3 6 2 3 10

Figure 5: The results of parents’ opinions.

7. Conclusions

Currently, augmented reality is one of the most actively developing technologies, which has
also found its application in the field of education. AR technology opens up new opportunities
for teachers and increases the attractiveness of learning for students of different ages. This is
especially true for young children, since 3D models have good visibility and high attractiveness.

The mobile AR application developed by us “Fox Alphabet AR” provides an opportunity to
study the Ukrainian alphabet, the names of numbers, the sounds of animals. Thanks to this
application, the learning process is accompanied by 3D visualization and sounding of each letter
and number.

Children who do not receive early literacy continue to decode new information with less
quality in elementary school, which slows down the learning process and contributes to psy-
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Figure 6: The results of teachers’ opinions.

chological difficulties during the period of adaptation to school. This can cause the child to lag
behind in the learning process. The study of initial competencies, such as knowledge of the
alphabet, allows you to increase the level of decoding of teaching information received from
the teacher.

An analysis of a survey of teachers and parents showed that when using an AR application,
the interest and self-efficacy of children in learning letters and numbers significantly increased.
The use of the AR application increased the speed of memorizing the material and helped to
retain the child’s attention while learning a new material.

In the future, we plan to add visualization of the study of syllables, shapes, colors to support
the early development of children.
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