
 

 

Vadim Ermolayev 
Mari Carmen Suárez-Figueroa 
Vitaliy Yakovyna 
Vyacheslav Kharchenko 
Vitaliy Kobets 
Hennadiy Kravtsov 
Vladimir Peschanenko 
Yaroslav Prytula 
Mykola Nikitchenko 
Aleksander Spivakovsky 
(Eds.) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Kyiv, Ukraine 
May, 2018 

 

ICT in Education, Research  
and Industrial Applications  
 

 

Proceedings of the 14th International Conference,  
ICTERI 2018. Volume II: Workshops 
 

 



 
 
 
 
 
 
 
 
 
 
 
Ermolayev, V., Suárez-Figueroa, M. C., Yakovyna, V., Kharchenko, V., Kobets, V., 

Kravtsov, H., Peschanenko, V., Prytula, Ya., Nikitchenko, M., and Spivakovsky, A. 

(Eds.): ICT in Education, Research and Industrial Applications. Proc. 14th Int. Conf. 

ICTERI 2018. Volume II: Workshops. Kyiv, Ukraine, May 14-17, 2018,  

CEUR-WS.org, online 

 
This volume represents the proceedings of the Workshops co-located with the 14th 

International Conference on ICT in Education, Research, and Industrial Applications, 

held in Kyiv, Ukraine, in May 2018. It comprises 60 contributed papers that were 

carefully peer-reviewed and selected from 118 submissions for the five co-located 

workshops: ITER, TheRMIT, 3L-Person, RMSE, and DSEDU. The volume is struc-

tured in five parts, each presenting the contributions to a particular workshop. The 

topical scope of the volume is aligned with the thematic tracks of ICTERI 2018: 

(I) Advances in ICT Research; (II) Information Systems: Technology and Applica-

tions; (III) Academia/Industry ICT Cooperation; and (IV) ICT in Education.   

 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright © 2018 for the individual papers by the papers’ authors. 

Copying permitted only for private and academic purposes. This vol-

ume is published and copyrighted by its editors. 

http://ceur-ws.org/Vol-848/


 

Preface 

It is our pleasure to present you the proceedings of the Workshops co-located with  

ICTERI 2018, the fourteenth edition of the International Conference on Information 

and Communication Technologies in Education, Research, and Industrial Applica-

tions, held in Kyiv (Ukraine) on May 14-17, 2018. This year’s edition focused on 

research advances, information systems technologies and applications, busi-

ness/academic applications of Information and Communication Technologies. Em-

phasis was also placed on the role of ICT in Education. These aspects of ICT re-

search, development, technology transfer, and use in real world cases remain vibrant 

for both the academic and industrial communities. Overall, ICTERI 2018, including 

the Workshops, was focused on the four thematic tracks reflecting these research 

fields: (I) Advances in ICT Research; (II) Information Systems: Technology and Ap-

plications; (III) Academia/Industry ICT Cooperation; and (IV) ICT in Education.  

This volume is structured in parts, each presenting the contributions to a particular 

workshop:  

Part I: 6th International Workshop on Information Technologies in Economic Re-

search (ITER 2018). This workshop focused on advancing research and also busi-

ness/academic applications of information and communication technologies related to 

solving practical economic problems. 

Part II: 3d International Workshop on Professional Retraining and Life-Long 

Learning, using ICT: Person-oriented Approach (3L-Person 2018). This workshop 

presented novel research issues and uses of information technology for life-long 

learning. 

Part III: 4th International Workshop on Theory of Reliability and Markov Model-

ling for Information Technologies (TheRMIT 2018). This workshop addressed long-

standing research and development aspects of reliability, security and safety modeling 

and assessment for modern IT systems. 

Part IV: 2nd International Workshop on Rigorous Methods in Software Engineering 

(RMSE 2018). This workshop focused on the aspects of formal techniques for speci-

fication and analysis of distributed software and cyber-physical systems, computer 

simulation. 

Part V: 1st International Workshop on Data Science EDUcation: Challenges, Op-

portunities and Trends (DSEDU 2018). This workshop discussed several important 

issues related to Data Science education: synergies with Computer Science curricula; 

appropriate education level; required entry knowledge; the consequences of data-

driven decisions and related ethical issues; trends in Data Science as a profession.  



Overall, ICTERI 2018 workshops attracted 118 paper submissions. Out of these 

submissions, the organizers have accepted 60 high quality and most interesting pa-

pers. So, the average acceptance rate was of 50.8 percent  

These papers were published in the Volume II of ICTERI 2018 proceedings.  

The conference and its co-located events would not have been possible without the 

support of many people. First of all, we would like to thank all the authors who sub-

mitted papers to the workshops of ICTERI 2018 and thus demonstrated their interest 

in the research problems within their scope. We are very grateful to the members of 

the Program Committees for providing timely and thorough reviews and, also, for 

being cooperative in doing additional review work. We would like to thank the local 

organizers of the conference whose devotion and efficiency made the constellation of 

ICTERI 2018 workshops a very interesting and effective scientific forum.  

 
 

May, 2018     Vadim Ermolayev 

Mari Carmen Suárez-Figueroa 

Vitaliy Yakovyna 

Vyacheslav Kharchenko 

Vitaliy Kobets 

Hennadiy Kravtsov 

Vladimir Peschanenko 

Yaroslav Prytula 

Mykola Nikitchenko 

Aleksander Spivakovsky 



Table of Contents 

 Cover and Preface 

 Organization and Committees 

 Sponsors and Organizers 

Part I: 6th International Workshop on Information Technologies in 
Economic Research (ITER 2018) 

 Estimation of Currency Risks in the Process of Enterprise Foreign 
Economic Activity 1-16 
Valeria Yatsenko 

 Production Activity of Agricultural Business Structures and Its Efficiency in 
Ukraine 17-29 
Nadiia Reznik, Mykola Ilchuk, Sergey Us 

 The Predictive Power of the Sentiment of Financial Reports 30-44 
Jan-Hendrik Meier, Walid Esmatyar, Rasmus Frost 

 The Concept of Benchmarking in Librarianship 45-57 
Antonii Rzheuskyi, Nataliia Kunanets 

 Electricity Price Forecasting: A Methodological ANN-based Approach with 
Special Consideration of Time Series Properties 58-72 
Jan-Hendrik Meier, Stephan Schneider, Thies Schoenfeldt, Bastian 
Wanke, Philip Schueller 

 High-Frequency Trade as a Component of Algorithmic Trading: Market 
Consequences 73-83 
Nadiia Reznik, Lubov Pankratova 

 Neuro-Fuzzy Model of Development Forecasting and Effective Agrarian 
Sector Transformations of Ukraine 84-99 
Diana Nemchenko, Vitaliy Kobets, Larisa Potravka 

 Universal Direct Analytic Models for the Minimum of Triangular Fuzzy 
Numbers 100-115 
Yuriy Kondratenko, Nina Kondratenko 

 Methods of Nonlinear Dynamics and the Construction of Cryptocurrency 
Crisis Phenomena Precursors 116-127 
Vladimir Soloviev, Andrii Belinskyi 

 Economic Modeling of Energy Security: Simulation of Economic 
Processes (Case of Ukraine Gas System) 128-143 
Ganna Kharlamova, Andriy Stavytskyy 

 Data Analysis of Private Investment Decision Making Using Tools of 
Robo-Advisers in Long-Run Period 144-159 
Vitaliy Kobets, Valeria Yatsenko, Anastasia Mazur, Mykyta Zubrii 

http://ceur-ws.org/Vol-2104/preface.pdf
http://ceur-ws.org/Vol-2104/organization.pdf
http://ceur-ws.org/Vol-2104/sponsors.pdf
http://ceur-ws.org/Vol-2104/paper_215.pdf
http://ceur-ws.org/Vol-2104/paper_215.pdf
http://ceur-ws.org/Vol-2104/paper_188.pdf
http://ceur-ws.org/Vol-2104/paper_188.pdf
http://ceur-ws.org/Vol-2104/paper_210.pdf
http://ceur-ws.org/Vol-2104/paper_187.pdf
http://ceur-ws.org/Vol-2104/paper_193.pdf
http://ceur-ws.org/Vol-2104/paper_193.pdf
http://ceur-ws.org/Vol-2104/paper_174.pdf
http://ceur-ws.org/Vol-2104/paper_174.pdf
http://ceur-ws.org/Vol-2104/paper_201.pdf
http://ceur-ws.org/Vol-2104/paper_201.pdf
http://ceur-ws.org/Vol-2104/paper_208.pdf
http://ceur-ws.org/Vol-2104/paper_208.pdf
http://ceur-ws.org/Vol-2104/paper_175.pdf
http://ceur-ws.org/Vol-2104/paper_175.pdf
http://ceur-ws.org/Vol-2104/paper_178.pdf
http://ceur-ws.org/Vol-2104/paper_178.pdf
http://ceur-ws.org/Vol-2104/paper_162.pdf
http://ceur-ws.org/Vol-2104/paper_162.pdf


 Bitcoin Response to Twitter Sentiments 160-168 
Svitlana Galeshchuk, Oleksandra Vasylchyshyn, Andriy Krysovatyy 

 Modeling the Social and Human Capital Factors Effect on the Cross-
Country Income Differences 169-178 
Olena Bazhenova, Ihor Chornodid 

 The Determinants of Trade Credit for Firms Listed on the Zagreb Stock 
Exchange: An Empirical Analysis 179-194 
Fitim Deari, Nicoleta Barbuta-Misu 

 Implementation of Robo-Advisors Tools for Different Risk Attitude 
Investment Decisions 195-206 
Oleksii Ivanov, Oleksandr Snihovyi, Vitaliy Kobets 

 Ukrainian Company Cost Accounting System Development from the 
Evolutionary Theory Position 207-221 
Viktoria Yatsenko 

 System-Dynamic Modeling of Information Influences and Co-
Operations 222-232 
Sergey Yablochnikov, Irina Yablochnikova, Vladimir Minaev, Mikhail 
Kuptsov, Stanislav Vidov, Vadym Shved 

 Geographic Information Systems: Should They Be Used in Public Finance 
Reform Development? 233-242 
Tetiana Paientko 

 Application of Medical Information Systems for the Implementation of Lean 
Technologies in the Management of Medical Institution 243-250 
Tatyana Avacheva, Sergey Yablochnikov 

 Auditing of the Software of Computer Accounting System 251-262 
Oksana Adamyk, Bogdan Adamyk, Nadiya Khorunzhak 

 Integrated Information and Communication System as a Basis for 
Strategic Partnership in Agribusiness 263-277 
Nina Shashkova, Andrii Soloviov, Kateryna Syniakova 

Part II: 3d International Workshop on Professional Retraining and Life-
Long Learning, using ICT: Person-oriented Approach (3L-Person 2018) 

 Cognitive Tasks Design by Applying Computer Modeling System for 
Forming Competences in Mathematics 278-293 
Svitlana Lytvynova 

 The Group Methodology of Using Cloud Technologies in the Training of 
Future Computer Science Teachers 294-304 
Oleg Spirin, Vasyl Oleksiuk, Olessia Oleksiuk, Sergiy Sydorenko 

 The Design and Evaluation of the Cloud-based Learning Components with 
the Use of the Systems of Computer Mathematics 305-317 
Mariya Shyshkina, Ulyana Kohut, Maiia Popel 

http://ceur-ws.org/Vol-2104/paper_199.pdf
http://ceur-ws.org/Vol-2104/paper_180.pdf
http://ceur-ws.org/Vol-2104/paper_180.pdf
http://ceur-ws.org/Vol-2104/paper_207.pdf
http://ceur-ws.org/Vol-2104/paper_207.pdf
http://ceur-ws.org/Vol-2104/paper_161.pdf
http://ceur-ws.org/Vol-2104/paper_161.pdf
http://ceur-ws.org/Vol-2104/paper_165.pdf
http://ceur-ws.org/Vol-2104/paper_165.pdf
http://ceur-ws.org/Vol-2104/paper_182.pdf
http://ceur-ws.org/Vol-2104/paper_182.pdf
http://ceur-ws.org/Vol-2104/paper_170.pdf
http://ceur-ws.org/Vol-2104/paper_170.pdf
http://ceur-ws.org/Vol-2104/paper_197.pdf
http://ceur-ws.org/Vol-2104/paper_197.pdf
http://ceur-ws.org/Vol-2104/paper_181.pdf
http://ceur-ws.org/Vol-2104/paper_211.pdf
http://ceur-ws.org/Vol-2104/paper_211.pdf
http://ceur-ws.org/Vol-2104/paper_150.pdf
http://ceur-ws.org/Vol-2104/paper_150.pdf
http://ceur-ws.org/Vol-2104/paper_154.pdf
http://ceur-ws.org/Vol-2104/paper_154.pdf
http://ceur-ws.org/Vol-2104/paper_156.pdf
http://ceur-ws.org/Vol-2104/paper_156.pdf


 Model of Professional Retraining of Teachers Based on the Development 
of STEM Competencies 318-331 
Nadiia Balyk, Olga Barna, Galyna Shmyger, Vasyl Oleksiuk 

 The Concept, Principles of Design and Implementation of the University 
Cloud-based Learning and Research Environment 332-347 
Olena Glazunova, Mariya Shyshkina 

 Organization of Independent Studying of Future Bachelors in Computer 
Science within Higher Education Institutions of Ukraine 348-358 
Proskura Svitlana, Lytvynova Svitlana 

 Scheduling Algorithms Exploring via Robotics Learning 359-365 
Pavlo Merzlykin, Natalia Kharadzjan, Dmytro Medvediev, Iryna 
Zakarliuka, Liliia Fadieieva 

 Digital Competency of the Students and Teachers in Ukraine: 
Measurement, Analysis, Development Prospects 366-379 
Olena Kuzminska, Mariia Mazorchuk, Nataliia Morze, Vitaliy 
Pavlenko, Aleksander Prokhorov 

 Cognitive Abilities’ Research Technology as a Tool for STEM-
Education 380-387 
Oleksandr Burov, Iryna Parkhomenko, Olena Burmak, Yaroslav 
Vasilchenko 

 CoCalc as a Learning Tool for Neural Network Simulation in the Special 
Course "Foundations of Mathematic Informatics" 388-403 
Oksana Markova, Serhiy Semerikov, Maiia Popel 

 Models and Applied Tools for Prediction of Student Ability to Effective 
Learning 404-411 
Oleg Spirin, Oleksandr Burov 

 Using Blippar Augmented Reality Browser in the Practical Training of 
Mechanical Engineers 412-419 
Andrii Striuk, Maryna Rassovytska, Svitlana Shokaliuk 

 Development of Rating Systems for Scientometric Indices of 
Universities 420-430 
Alexander Spivakovsky, Maxim Vinnik, Maksym Poltorackiy, Yuliia 
Tarasich, Kateryna Panova, Anton Melnichenko 

 Experience of Foundation STEM-School 431-446 
Nataliya Kushnir, Nataliia Valko, Nataliia Osipova, Tatiana Bazanova 

 Practical Realizationof English Knowledge Control of Future IT-specialists 
Using Distance Learning 447-461 
Olha Hniedkova 

 Design and Development of MOOCs 462-471 
Zarema Seidametova 

 Mathematical Models of Supporting the Solution of the Algebra Tasks in 
Systems of Computer Mathematics for Educational Purposes 472-487 
Michael Lvov, Irina Chernenko, Ludmila Shishko, Evgen Kozlovsky 

http://ceur-ws.org/Vol-2104/paper_157.pdf
http://ceur-ws.org/Vol-2104/paper_157.pdf
http://ceur-ws.org/Vol-2104/paper_158.pdf
http://ceur-ws.org/Vol-2104/paper_158.pdf
http://ceur-ws.org/Vol-2104/paper_160.pdf
http://ceur-ws.org/Vol-2104/paper_160.pdf
http://ceur-ws.org/Vol-2104/paper_167.pdf
http://ceur-ws.org/Vol-2104/paper_169.pdf
http://ceur-ws.org/Vol-2104/paper_169.pdf
http://ceur-ws.org/Vol-2104/paper_203.pdf
http://ceur-ws.org/Vol-2104/paper_203.pdf
http://ceur-ws.org/Vol-2104/paper_204.pdf
http://ceur-ws.org/Vol-2104/paper_204.pdf
http://ceur-ws.org/Vol-2104/paper_222.pdf
http://ceur-ws.org/Vol-2104/paper_222.pdf
http://ceur-ws.org/Vol-2104/paper_223.pdf
http://ceur-ws.org/Vol-2104/paper_223.pdf
http://ceur-ws.org/Vol-2104/paper_233.pdf
http://ceur-ws.org/Vol-2104/paper_233.pdf
http://ceur-ws.org/Vol-2104/paper_241.pdf
http://ceur-ws.org/Vol-2104/paper_242.pdf
http://ceur-ws.org/Vol-2104/paper_242.pdf
http://ceur-ws.org/Vol-2104/paper_244.pdf
http://ceur-ws.org/Vol-2104/paper_246.pdf
http://ceur-ws.org/Vol-2104/paper_246.pdf


 Model of the Curriculum Revision System in Computer Science 488-500 
Hennadiy Kravtsov, Vitaliy Kobets 

Part III: 4th International Workshop on Theory of Reliability and Markov 
Modelling for Information Technologies (TheRMIT 2018) 

 Multi-Criteria Selection of the Wireless Communication Technology for 
Specialized IoT Network 501-516 
Yuriy Kondratenko, Galyna Kondratenko, Ievgen Sidenko 

 Patching the Firewall Software to Improve the Availability and Security: 
Markov Models for Internet of Things Based Smart Business Center 517-

529 
Maryna Kolisnyk, Iryna Piskachova, Vyacheslav Kharchenko 

 A Markov Model of Healthcare Internet of Things System Considering 
Failures of Components 530-543 
Anastasiia Strielkina, Vyacheslav Kharchenko, Dmytro Uzun 

 Reducing Power Consumption of Measurement and Control Modules Fed 
with Autonomous Power Supply 544-554 
Pavlo Bykovyy, Anatoliy Sachenko, Volodymyr Kochan, Oleksandr 
Osolinskyi, Roman Kochan 

 Information Technology of Evaluating the Sufficiency of Information on 
Quality in the Software Requirements Specifications 555-570 
Tetiana Hovorushchenko, Oksana Pomorova 

 Availability as a Cloud Service for Control System of Critical Energy 
Infrastructure 571-582 
Oleg Ivanchenko, Vyacheslav Kharchenko, Borys Moroz, Leonid 
Kabak, Kyrylo Smoktii, Yuriy Ponochovnyi 

 Model of Information and Control Systems in Smart Buildings with 
Separate Maintenance by Reliability and Security 583-595 
Yuriy Ponochovniy, Vyacheslav Kharchenko, Mustafa Alsudani, Aleksandr 
Ivasiuk, Oleg Ivanchenko 

 Synthesis of a Quite Proof Cryptosystem with Increased Unicity Distance 
for Cloud Computing 596-607 
Sergiy Gnatyuk, Viktor Gnatyuk, Volodymyr Klimchuk, Eugene 
Samoylik, Dmytro Prysiazhnyy, Volodymyr Buryachok 

 Reliability-Oriented Approach for UAV Flight Control System Structural 
Optimization 608-623 
Yuriy Pashchuk, Bohdan Volochiy, Yuriy Salnyk, Volodymyr Ozharevskyi 

 RAMS Issues in Hotels Management 624-636 
Vladimir Sklyar, Vyacheslav Kharchenko 

 Comparative Reliability Analysis of Reactor Trip System Architectures: 
Industrial Case 637-648 
Aleksei Vambol, Vyacheslav Kharchenko 

http://ceur-ws.org/Vol-2104/paper_253.pdf
http://ceur-ws.org/Vol-2104/paper_245.pdf
http://ceur-ws.org/Vol-2104/paper_245.pdf
http://ceur-ws.org/Vol-2104/paper_263.pdf
http://ceur-ws.org/Vol-2104/paper_263.pdf
http://ceur-ws.org/Vol-2104/paper_232.pdf
http://ceur-ws.org/Vol-2104/paper_232.pdf
http://ceur-ws.org/Vol-2104/paper_255.pdf
http://ceur-ws.org/Vol-2104/paper_255.pdf
http://ceur-ws.org/Vol-2104/paper_228.pdf
http://ceur-ws.org/Vol-2104/paper_228.pdf
http://ceur-ws.org/Vol-2104/paper_262.pdf
http://ceur-ws.org/Vol-2104/paper_262.pdf
http://ceur-ws.org/Vol-2104/paper_249.pdf
http://ceur-ws.org/Vol-2104/paper_249.pdf
http://ceur-ws.org/Vol-2104/paper_227.pdf
http://ceur-ws.org/Vol-2104/paper_227.pdf
http://ceur-ws.org/Vol-2104/paper_265.pdf
http://ceur-ws.org/Vol-2104/paper_265.pdf
http://ceur-ws.org/Vol-2104/paper_218.pdf
http://ceur-ws.org/Vol-2104/paper_267.pdf
http://ceur-ws.org/Vol-2104/paper_267.pdf


 Deterministic and Stochastic Models of Decision Making in Air Navigation 
Socio-Technical System 649-656 
Tetiana Shmelova, Yuliya Sikirda, Claudio Scarponi, Antonio Chialastri 

 High-Performance Reliable Block Encryption Algorithms Secured against 
Linear and Differential Cryptanalytic Attacks 657-668 
Sergiy Gnatyuk, Vasyl Kinzeryavyy, Maksim Iavich, Dmytro 
Prysiazhnyi, Khalicha Yubuzova 

 Automation System for Configuration of Cryptographic Data Protection 
Unit Model 669-679 
Ivan Zholubak, Mohammed Kadhim Rahma, Valeriy Hlukhov 

 The Technique for Metamorphic Viruses’ Detection Based on Its 
Obfuscation Features Analysis 680-687 
George Markowsky, Oleg Savenko, Sergii Lysenko, Andrii Nicheporuk 

 DDoS Botnet Detection Technique Based on the Use of the Semi-
Supervised Fuzzy c-Means Clustering 688-695 
Sergii Lysenko, Oleg Savenko, Kira Bobrovnikova 

Part IV: 2nd International Workshop on Rigorous Methods in Software 

Engineering (RMSE 2018) 

 Category Methods for Analysis of Two Approaches to Modelling Logical 
Time Based on Concept of Clocks 696-706 
Grygoriy Zholtkevych, Hassan Khalil El Zein, Lyudmila Polyakova 

 Toward Synthesis of Event-Pattern Detectors for Event Complex 
Processing with Using Machine Learning 707-715 
Grygoriy Zholtkevych, Stanislav Lukyanenko, Natalya Polyakovska 

 On the Sequence Rule for the Floyd-Hoare Logic with Partial Pre- and 
Post-Conditions 716-724 
Ievgen Ivanov, Mykola Nikitchenko 

Part V: 1st International Workshop on Data Science EDUcation: 
Challenges, Opportunities and Trends (DSEDU 2018) 

 Challenge-Based Learning in Computational Biology and Data 
Science 725-733 
Emilio Serrano, Martin Molina, Daniel Manrique, Javier Bajo 

 Architecting Data Science Education 734-746 
Vadim Ermolayev, Mari Carmen Suarez-Figueroa, Oleksii Molchanovskyi 

 

http://ceur-ws.org/Vol-2104/paper_221.pdf
http://ceur-ws.org/Vol-2104/paper_221.pdf
http://ceur-ws.org/Vol-2104/paper_220.pdf
http://ceur-ws.org/Vol-2104/paper_220.pdf
http://ceur-ws.org/Vol-2104/paper_247.pdf
http://ceur-ws.org/Vol-2104/paper_247.pdf
http://ceur-ws.org/Vol-2104/paper_231.pdf
http://ceur-ws.org/Vol-2104/paper_231.pdf
http://ceur-ws.org/Vol-2104/paper_251.pdf
http://ceur-ws.org/Vol-2104/paper_251.pdf
http://ceur-ws.org/Vol-2104/paper_206.pdf
http://ceur-ws.org/Vol-2104/paper_206.pdf
http://ceur-ws.org/Vol-2104/paper_225.pdf
http://ceur-ws.org/Vol-2104/paper_225.pdf
http://ceur-ws.org/Vol-2104/paper_259.pdf
http://ceur-ws.org/Vol-2104/paper_259.pdf
http://ceur-ws.org/Vol-2104/paper_236.pdf
http://ceur-ws.org/Vol-2104/paper_236.pdf
http://ceur-ws.org/Vol-2104/paper_266.pdf


The Group Methodology of Using Cloud Technologies in 

the Training of Future Computer Science Teachers 

Oleg Spirin1 [0000-0002-9594-6602], Vasyl Oleksiuk 2 [0000-0003-2206-8447], Olesia Oleksiuk3 [0000-

0002-1454-0046], Sergiy Sydorenko4 [0000-0001-7265-559X] 

1 Acting Director, Institute of Education Content Modernization 
oleg.spirin@gmail.com 

2 Associate Professor of the Department of Informatics and Methods of Its Teaching  

Volodymyr Hnatiuk National Pedagogical University of Ternopil 
oleksyuk@fizmat.tnpu.edu.ua 

3 Instructor of Methodology and Subject Content Department,  

Ternopil Regional Municipal Institute of Postgraduate Education 
o.oleksyuk@ippo.edu.te.ua 

4 Lead Researcher of Comparative Studies Department for Information and Education Innova-

tions, Institute of Information Technologies and Learning Tools of NAES of Ukraine 
svsydorenko@gmail.com  

Abstract. The development of cloud computing resources and their implemen-

tation in university education require an increase in the ICT-competence of fu-

ture computer science teachers. The article considers the use of project method 

as an effective tool of encouraging students’ cooperation while solving practical 

problems and as a means of developing their essential professional skills. The 

following pedagogical approaches and techniques were used: partnership of 

group members, development of group work skills, heterogeneous grouping, 

combined use of individual and peer assessment,  teacher’s monitoring of the 

students’ work, focus on the task and group work skills, chance for every mem-

ber to be a leader, essential feedback. The authors suggest using private and 

public cloud technologies to support the implementation of group methodology 

in the teaching process. One of such technologies is academic cloud based on 

the Apache CloudStack platform. This cloud environment is deployed in Phys-

ics and Mathematics Department of Ternopil V. Hnatiuk National Pedagogical 

University. The suggested method has been verified experimentally by using 

Wilcoxon signed-rank test. 

Keywords: ICT-competence, project method, cloud computing, e-learning, fu-

ture computer science teachers. 

1 Introduction 

The educational reform which is currently under way in Ukraine among its many 

priorities calls for the urgent implementation of effective modern teaching technolo-

gies in the system of training competitive specialists. One of the ways to rise to a new 

mailto:o.oleksyuk@ippo.edu.te.ua
mailto:o.oleksyuk@ippo.edu.te.ua


level of the education quality is the use of cloud technologies, development of educa-

tion clouds in Ukraine’s universities in particular. 

According to extensive research in the field, the problem of creating cloud-oriented 

environment in higher educational institutions is still relevant. The issues relating to 

the implementation of cloud technologies in education have been explored by V. 

Bykov, O. Glazunova, N. Morse, S. Lytvinova, O. Spirin, M. Shishkina, A. Alkhansa, 

A.A. Shakeabubakor, E. Sundararajan, A. Hamdan and others. 

Yu. Nosenko’s paper [9] contains an analysis of cloud technology in Open Educa-

tion Space. M. Shyshkina in her paper [14] analyses the term ‘cloud-based learning 

environment’ and develops a cloud-based model of access to learning resources. Pro-

fessional development of teachers using cloud services was researched by 

S. Lytvinova and O. Melnyk [8]. A model of cloud oriented learning environment for 

Bachelors of Informatics training is investigated by T. Vakaliuk [16]. The study of 

A. Stryuk and M. Rassovyts’ka is devoted to analysis of е-Learning development 

through cloud computing [13].  

"Academic cloud" of a university is a cloud-oriented environment of an education-

al institution which combines hardware, software and information resources and ser-

vices, functions on the basis of technologies of cloud computing and provides the 

academic process with the resources of the university local network and Internet ac-

cess [5]. University academic clouds are aimed, above all, at facilitating personal 

development of the faculty and students, encouraging their professional self-

realization. 

The goal of this article is to research effectiveness of group methodology of train-

ing future teachers of computer science in university cloud-oriented environment. 

2 Presentation of the main results 

The cloud-oriented environment [14; 1] defined above was used for the development 

of component methodology designed for the instruction of prospective computer sci-

ence teachers. In particular, we focused on the formation of professional and technol-

ogy components of ICT competencies. These competencies reflect the professional 

qualifications of the future teacher. For computer science teachers it is necessary to 

determine those competencies that are directly related to their profession and cover 

the content of the school ICT syllabus.  

The technology competencies of computer science teachers may be subdivided into 

two groups [12]: 

─ competence in basic technologies – fundamental professional qualifications which 

for ICT teachers are considered as educational technologies (general teaching skills 

and resources of a computer science teacher); 

─ information technology competence, which determines the required learning out-

comes of innovation information technologies and methods of their application in 

the teaching process. 



We used project work as the main method of instruction. A project is a task or prob-

lem which commonly engages a group of students and supplements traditional class-

room studies. The notion of "project" encompasses different activities characterized 

by a number of common features [3]: 

─ focus on achievement of specific purposes, certain results; 

─ coordination of interrelated actions; 

─ limited timing with a clearly defined beginning and end. 

Project work is aimed at formation of professional qualifications and skills, develop-

ment of study habits and need for continuous learning, as well as practical application 

of the acquired knowledge. 

The project under study involved first-year students majoring in "Pedagogical edu-

cation. ICT, Mathematics, Physics". To cope with the tasks, the students were sup-

posed to have basic knowledge of the following disciplines: Operating Systems, 

Computer Architecture and Software. The students had one week to complete all the 

tasks. The focus of the study was computer training. The project consisted of several 

practical tasks, complex in nature. Students worked in groups, each group having the 

same tasks to do. Our hypothesis was that conditions favorable for the increase in the 

student motivation can be created in the process of group work. However, interaction 

of group members does not guarantee the formation of the desired set of educational 

motives. 

The researchers distinguish between three possible levels of relations depending on 

the type of students’ interdependence in the group: weak, medium and strong [15]. 

Weak interdependence is typical of a group where the most prepared member can 

perform all the work and score high without the help of other group members. As a 

rule, in such cases, group members are not willing to cooperate. In the atmosphere of 

strong interdependence a group gets united by sharing a common purpose and dis-

plays high involvement of all group members. Joint activity brings people together 

and encourages them to collaborate, so that no member of the group is left out. Re-

search accomplished through cooperation appears to be more logical, sound and valid, 

its results are usually better grounded and supported by thorough argumentation. Co-

operative work triggers creativity and encourages group members to think outside the 

box. 

Group work in the classroom may occasionally result in cases of negative interde-

pendence, which in its turn promotes students’ competitiveness [6]. It would be a 

mistake to believe that such experiences should have no place in the learning process. 

Competition is an intrinsic part of everyday life and people need to adapt to it. Con-

flicts are real and inevitable, and the ability to win can hardly be overestimated in the 

modern world. 

The study demonstrated that students face problems in cooperative learning when 

they lack interpersonal skills, personal responsibility and the desire to achieve a 

common goal. Sometimes it was possible to observe a situation when more efficient 

students did most of the work, while the others just waited for the result. Therefore, 

we developed our own assessment strategy which takes into account both the contri-

bution of each member of the group and the collective results. 



Working in groups gives students a number of advantages. They do not get easily 

distracted and are more likely to stay focused on the given task longer than those who 

study individually. Students adopt a more positive attitude towards the topics they 

study working together rather than in individual or competitive learning environ-

ments. They are more eager to revise, broaden and increase the knowledge they have 

acquired. Likewise, students develop a positive attitude towards the subject and the 

entire educational process. 

As a result of our project, the students created E-portfolios, which can serve an in-

strument for measuring the quality of the learning process [7]. 

Listed below are the basic principles underlying the strategy we designed to ensure 

the efficient group work: 

─ students are oriented towards a common goal which serves as an additional source 

of motivation; 

─ all members of the group are taught to take responsibility for the achievements of 

their group mates and the whole group; 

─ when one succeeds, all are winners; when one fails, all are losers; 

─ the need for mutual help and support; 

─ developing mutual feelings of trust and care; 

─ cultivating the atmosphere of friendly and supportive relationships. 

As a result of positive interdependence, team members develop skills necessary for 

efficient cooperation. Every member of the group is expected to use these skills while 

working together. The focus on academic tasks, techniques to solve them and ways of 

cooperation favours the acquisition of skills necessary for interaction in the class-

room. As part of the project, the group regularly review their performance outcomes, 

thus ensuring continuous progress, improving the quality of their work, contributing 

to the development of their cooperative skills and successful achievement of the 

learning goals. Effective cooperation of all group members grows into fully-fledged 

collaboration. All participants relate to each other and work side by side on a joint 

project. There is sufficient experimental evidence that such groups can cope with the 

tasks that individual members fail to complete. To ensure the effective work of 

groups, the following pedagogical approaches and techniques were used: 

─ partnership of group members; 

─ development of group work skills; 

─ heterogeneous grouping; 

─ combined use of individual and peer assessment; 

─ teacher’s monitoring of the students’ work; 

─ focus on the task and group work skills; 

─ chance for every member to be a leader; 

─ essential feedback. 

Working on the project, students were asked to divide the responsibilities by taking 

on specific roles (table 1). By taking a certain role each student is supposed to demon-



strate the behavior others can expect from him/her and a certain reaction towards 

other members’ behavior. 

Table 1. Functional Roles of Group Members 

Title of the 

role 

List of rights and duties Characteristic personal qualities and 

positive features 

Chairper-

son 

 

 

leads the way to achieve the common 

goal; is able to identify the strengths 

and weaknesses of the team members  

ingenious, self-confident, with good 

self-control; impartial and unbiased; 

high ambition to reach success 

Idea man 

 

generates new ideas and strategies 

highlighting the core issues; strives to 

bring innovation; 

individualist, scientifically-minded; 

smart and imaginative, knowledgeable 

and gifted 

Expert adopts a pragmatic approach to ana-

lyze problems, weighs the ideas for the 

group members to make a decision; 

tolerant, reserved, cautious, reasonable; 

common sense, rationality, determina-

tion; 

Imple-

menter 

brings plans and concepts into action; 

makes an objective judgment of feasi-

bility of a decision; 

realist, experienced and well-versed in 

practical matters; self-disciplined, orga-

nized; systemic in approach to business; 

Promoter 

 

spots and communicates new ideas and 

updates available outside the group, 

establishing external contacts; 

conservative with a strong sense of du-

ty, great communication skills, sensible, 

self-disciplined, inquisitive, sociable; 

Supervisor encourages the team members to per-

sist and maintain the purpose, takes 

effort to eliminate mistakes 

capable of completing tasks, scrupulous 

and demanding; diligent and accurate in 

carrying out tasks; 

Team 

worker 

coordinates the work of group mem-

bers; offers help in difficulties, keeps 

up the team spirit 

kind, sensitive, ready to meet the needs 

of the group members, creates friendly 

atmosphere 

Although in many cases the above mentioned roles are conventional, they help 

teachers and group members to focus on the subject matter and social elements of 

their work: 

─ elements related to the subject matter of the task. They are necessary for the effec-

tive division of work among team members (for example, the idea man puts for-

ward new ideas and strategies, the implementer weighs pros and cons of the solu-

tion, the supervisor strives to eliminate the mistakes); 

─ social elements help team members to build effective working relationships (the 

promoter manages cooperation of group members, the chairperson guides the way 

for the group to achieve success, a team worker coordinates the work and keeps up 

the morale of the group members). 

Our research was performed at the Joint Laboratory of the Institute of Information 

Technologies and Learning Tools of the National Academy of Educational Sciences 

of Ukraine, and Ternopil Volodymyr Hnatiuk National Pedagogical University [10]. 



A systematic use of external academic clouds is significant to form professional skills 

in a future IT specialist [2]. The public and private platforms are integrated in the 

academic cloud of Ternopil V. Hnatyuk National Pedagogical University. We have 

constructed the diagram of the model of using cloud technologies (Fig 1.) 

 

Fig. 1. Functional-structural diagram of the authors' model 

 

Students used the public cloud tools (Google Suite and Microsoft Office 365) to: 

─ discuss study-related questions in open and private groups; 

─ plan and coordinate their group work; 

─ create and edit educational materials of E-portfolios (diagrams, reports, brochures, 

leaflets, infographics); 

─ access files; 
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practical, 
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group and individual research, presen-

tation, analyze 

ICT-competencies in Operating System, Computer Hardware  

Use of Public Clouds (Microsoft Office 365, G Suite) 

Use of Academic Clouds (Apache CloudStack) 



─ post and share videos demonstrating problem-solving procedures; 

─ give feedback. 

To verify the efficiency of our methodology, we conducted an experiment involving 5 

basic groups (BG) of 20 students and 5 experimental groups (EG) of 20 students. All 

the groups were of mixed type, i.e. with students from different departments (ICT, 

Mathematics, Physics). All the participants had the same task to carry out, namely, to 

repair computer operational system (real or virtual). Students from experimental 

groups used the virtual machines from the academic cloud based on CloudStack plat-

form. Students from basic groups used real computers. The validity of the experiment 

was ensured by meeting the following requirements: 

─ random grouping; 

─ classes in basic and experimental groups were delivered by the same teacher; 

─ standard system of assessment (A (90-100 points), B (85-89 points), C (75-84 

points), D (65-74 points), E (60-64 points), F (less than 60 points)). 

Working with real or virtual computers, students from basic and experimental groups 

tried to recover their operating system. They performed the following operations: 

─ recovery of deleted data; 

─ migration of operating systems to another hardware; 

─ performance optimization of VMs and real computers; 

─ recovery of operating systems after BDOS; 

─ virus removal. 

Taking into consideration the tasks of the project, we had the following requirements 

to the teaching of the experimental groups: 

─ the study of information systems on the basis of their educational models – virtual 

computers; 

─ virtual objects matching real information systems; 

─ teachers and students can change the object of study to suit their personal needs; 

─ unlimited access to cloud services via LAN of the educational institution and the 

Internet; 

─ personalized access to computational resources, preferably using single sign-on 

authentication. 

Before the start of the project we got ready 20 virtual and 20 real computers for each 

student of the above-mentioned groups. It is commonly known that CloudStack plat-

form provides possibilities to reinstall VMs and take their snapshots.  So in case stu-

dents from the experimental groups failed to complete the task, it was possible to start 

from the very beginning. User authentication was carried out in LDAP directory of 

Microsoft Active Directory. It allows users to use single sign-on authentication in 

order to access local and cloud services. Unlimited access was secured by VPN-server 

which also carried out authentication via LDAP. To divide participants into experi-



mental groups a few Apache CloudStack domains and projects were used. Group 

leaders were assigned the role of administrators in charge of all the VMs.  

Deployed cloud infrastructure contains such elements: 1 zone, 1 pod, 1 cluster, 3 

hosts, 3 primary and 1 secondary storages. In our academic cloud, Apache Cloud-

Stack provides: running a large number of instances of VMs; connection of VMs 

through physical and virtual networks; access to VMs through web-interface and 

standard protocols; distribution of computing resources for VMs; creation of template 

and snapshot of VMs; integrated authentication based on LDAP-directory. 

At the first stage of the experiment we analyzed the final marks received by the 

students of the both groups in the course "Operating systems". The marks were given 

on a 100-point scale. To compare the marks, we used nonparametric Mann–Whitney 

U test for 2 independent samples [4]. Two hypotheses were made: 

─ Н0 – the differences between marks in BG and EG are random. 

─ Н1 – the differences between marks in BG and EG are regular. 

Marks of both groups were combined in order of increasing. Every mark was assigned 

a rank. For the same marks an average value of the sum of their ranks was assigned. 

For both groups we calculated the rank sums (R1 for BG and R2 for EG). As a result, 

we got the following table: 

Table 2. Distribution of students in BG and EG. 

Student  Grade in BG Rank 1 Grade in EG Rank 2 

1 92 40  91  39 

… … … … … 

20 45 2 42 1 

Uexp is then given by: 

𝑈𝑒𝑥𝑝 = 𝑛1 × 𝑛2 +
𝑛1(𝑛1+𝑛2)

2
− 𝑅𝑥 (1), 

where n1 – student numbers in BG, n2 – student numbers in EG, Rx – maximum of 

R1 and R2. Calculated value of Uexp=189, which is more than critical 138 (for 

α=0.05). Uexp>Ucr. So the null hypothesis H0 that the mark distributions of both 

groups are equal proved to be true. 

Student academic performance was assessed according to such levels of achieve-

ment: A (90-100 points), B (85-89 points), C (75-84 points), D (65-74 points), E (60-

64 points), F (less than 60 points). The diagram below features the results of the as-

sessment of student performance. 



 

Fig. 2. Student performance results at the first stage 

At the second stage students solved practical tasks. They produced their results as 

group and individual portfolios. We rated works of the students on the same 100-point 

scale. After that we compared the grades received by students in EG (EG-1 and EG-2) 

at the first and second stages (fig. 3). 

 

Fig. 3. Student performance results in final testing 

To verify regularity of the differences in grades at first and second stages we used the 

nonparametric Wilcoxon rank sum test for 2 related samples [4]. Two hypotheses 

were made: 

─ Н0 – students' marks at the 2nd stage exceed their marks at the 1st stage; 

─ Н1 – students' marks at the 2nd stage do not exceed their marks at the 1st stage. 

For each student we calculated the shift of their marks at the first and second stages 

(table 3). 
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Table 3. Distribution of students in EG at the first and second stages. 

Student Grade in 1st stage Grade in 2nd stage Difference 
Positive 

rank (Rp) 

Negative 

rank (Rn) 

1 91 94  3  6.5  

… … … … …  

20 42 60 15 20  

Wexp is then given by: 

𝑊𝑒𝑥𝑝 = ∑ 𝑅20
𝑘=0 𝑝𝑖+∑ 𝑁20

𝑘=0 𝑝𝑖  (2) 

In our research all Npi=0. Calculated value of Wexp=210, which is more than critical 

60 (for α=0.05). Wexp>Wcr.. So the null hypothesis H0 proved to be true. Hence, the 

results of the experiment testify to the efficiency of the developed learning strategy. 

The higher level of the second group is the result of the students’ work in the academ-

ic cloud based on our methodology. 

3 Conclusions 

The conducted research allowed us to make the following conclusions: 

1. Traditional system of education too often puts students into the competition condi-

tions, rarely preparing future professionals for work in a team in the environment 

of positive interdependence. 

2. There are objective conditions for using group methodology in training future 

computer science teachers. 

3. The current level of cloud technology development makes the group project train-

ing technology open and easily accessible. 

4. The applying of the suggested methodology can be an effective tool in solving  

several problems, organizational, technological, psychological and social. 

Our research has experimentally proved the efficiency of the project method in train-

ing future computer science teachers. The proposed training technology raises stu-

dents’ cognitive interest, allows them to develop essential professional skills, ability 

to work in a team and sense of responsibility for their joint effort.  
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