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Abstract. This paper represents a preface to the Proceedings of the XIII International
Conference on Mathematics, Science and Technology Education (ICon-MaSTEd 2021)
held at the Kryvyi Rih State Pedagogical University, Ukraine, 12–14 May 2021.
Background information and the organizational structure of the meeting, paper overview and
acknowledgments of the contributions of the many people who made the conference a success
are presented.

1. Background
The International Conference on Mathematics, Science and Technology Education (ICon-
MaSTEd) is a peer-reviewed international conference, which covers research on mathematics,
science and technology education, along with technology-enhanced learning, including blended
learning, E-learning, ICT-based assessment, mobile learning etc. (see figure 1)

Since 2001, ICon-MaSTEd is the premier interdisciplinary forum for social scientists,
academicians, researchers, professionals, policy makers, postgraduate students and practitioners
to present their latest research results, ideas, developments, and applications [1]. There is urgent
general need for principled changes in mathematics, science and technology education elicited
by promising theories, models, tools, services, networks and communications.

There were 34 submissions selected. Each submission was reviewed by at least 3, and on the
average 3.7, program committee members. The committee decided to accept 23 papers.

The spread of the coronavirus that causes COVID-19 has change conference organization.
Therefore, the XIII International Conference on Mathematics, Science and Technology
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Figure 1. ICon-MaSTEd 2021 logo.

Education (ICon-MaSTEd 2021) took place 12–14 May 2021 at the Kryvyi Rih State Pedagogical
University, Ukraine.

More than 100 attendees from 11 countries are joined to ICon-MaSTEd 2021 using Google
Meet. The conference featured invited and contributed talks in a wide number of subject
areas: Mathematics Education, Biology Education, Chemistry Education, Physics Education,
Astronomy Education, Earth Science Education, Computer Science and Computer Science
Education, Integrated Science Education, Technology Education, and Educational Technology.

The presentation slots were defined as follows:

• invites talks (30 min): 20 min presentation, 10 min question answering and discussion,

• other talks (20 min): 15 min presentation and 5 minutes question answering and discussion.

The full program with video record of talks is available at https://easychair.org/smart-
program/SS2021/ where details of the sessions, usually headed by one or more invited
presentations.

2. ICon-MaSTEd 2021 program committee
• Leon Andretti Abdillah, Universitas Bina Darma, Indonesia

• George Abuselidze, Batumi Shota Rustaveli State University, Georgia
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• Tetiana Alokhina, Center for Problems of Marine Geology, Geoecology and Sedimentary
Ore Formation of the NAS of Ukraine, Ukraine

• Svitlana Amelina, National University of Life and Environmental Sciences of Ukraine,
Ukraine

• Dmytro Antoniuk, Zhytomyr Polytechnic State University, Ukraine

• Vitalina Babenko, V. N. Karazin Kharkiv National University, Ukraine

• Spencer A. Benson, Education Innovations International, LLC and University of Maryland,
United States

• Liudmyla Bilousova, Independent Researcher, Ukraine

• Nelio Bizzo, Federal University of São Paulo, Brazil

• Olga Bondarenko, Kryvyi Rih State Pedagogical University, Ukraine

• Mark Bosin, Kharkiv Humanitarian-Pedagogical Academy, Ukraine

• Oleksandr Burov, Institute of Information Technologies and Learning Tools of the NAES of
Ukraine, Ukraine

• Roman Danel, Institute of Technology and Business in České Budějovice, Czechia

• Tetiana Derkach, Kyiv National University of Technologies and Design, Ukraine

• Helena Fidlerová, Slovak University of Technology in Bratislava, Slovakia

• Nataliia Franchuk, National Pedagogical Dragomanov University, Ukraine

• Alexey Galuza, National Technical University “Kharkiv Polytechnic Institute”, Ukraine

• Michel Enrique Gamboa Graus, Las Tunas University, Cuba

• Irina Georgescu, Bucharest University of Economics, Romania

• J. Paul Gibson, Telecom SudParis, France

• Olena Glazunova, National University of Life and Environmental Sciences of Ukraine,
Ukraine

• Liudmyla Gryzun, H. S. Skovoroda Kharkiv National Pedagogical University, Ukraine

• Yasemin Gulbahar, Ankara University, Turkey

• Vita Hamaniuk, Kryvyi Rih State Pedagogical University, Ukraine

• Olena Hrybiuk, Institute of Information Technologies and Learning Tools of the NAES of
Ukraine, Ukraine

• Pavlo Hryhoruk, Khmelnytskyi National University, Ukraine

• Valerii Hrytsenko, Bohdan Khmelnytsky National University of Cherkasy, Ukraine

• Andrii Iatsyshyn, Institute of Environmental Geochemistry of the NAS of Ukraine, Ukraine

• Anna Iatsyshyn, Institute of Environmental Geochemistry of the NAS of Ukraine, Ukraine

• Oleksii Ignatenko, Institute of Software Systems, Ukraine

• Dragos Daniel Iordache, National Institute for Research and Development in Informatics –
ICI Bucuresti, Romania

• Filiz Kalelioğlu, Başkent University, Turkey

• Michail Kalogiannakis, University of Crete, Greece

• Christos Kaltsidis, Democritus University of Thrace, Greece

• Myint Swe Khine, Emirates College for Advanced

• Arnold Kiv, Ben-Gurion University of the Negev, Israel Education, United Arab Emirates
& Curtin University, Australia

• Taras Kobylnyk, Drohobych Ivan Franko State Pedagogical University, Ukraine
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• Oleksandr Kolgatin, Simon Kuznets Kharkiv National University of Economics, Ukraine

• Elena Komarova, Immanuel Kant Baltic Federal University, Russia

• Valerii Kontsedailo, Inner Circle, Netherlands

• Anatoli Kouropatov, Levinsky College of Education, Israel

• Tetiana Kramarenko, Kryvyi Rih State Pedagogical University, Ukraine

• Hennadiy Kravtsov, Kherson State University, Ukraine

• Vladyslav Kruhlyk, Bogdan Khmelnitsky Melitopol State Pedagogical University, Ukraine

• Milan Kubiatko, Jan Evangelista Purkyně University in Úst́ı nad Labem, Czechia

• Arkadii Kukh, Kamianets-Podilskyi National Ivan Ohiienko University, Ukraine

• Volodymyr Kukharenko, National Technical University “Kharkiv Polytechnic Institute”,
Ukraine

• Amruth Kumar, Ramapo College of New Jersey, United States

• Andrey Kupin, Kryvyi Rih National University, Ukraine

• Olha Kuzmenko, Flight Academy of the National Aviation University, Ukraine

• Nataliia Kuzmina, National Pedagogical Dragomanov University, Ukraine

• Olena Kuzminska, National University of Life and Environmental Sciences of Ukraine,
Ukraine

• Ramkumar Lakshminarayanan, Sur College of Applied Sciences, Oman

• Olena Lavrentieva, Alfred Nobel University, Ukraine

• Ilya Levin, Tel Aviv University, Israel

• Olena Lokshyna, Institute of Pedagogy of the NAES of Ukraine, Ukraine

• Oksana Lytvyn, Borys Grinchenko Kyiv University, Ukraine

• Svitlana Lytvynova, Institute of Information Technologies and Learning Tools of the NAES
of Ukraine, Ukraine

• Nataliia Maksyshko, Zaporizhzhia National University, Ukraine

• Svetlana Malchenko, Kryvyi Rih State Pedagogical University, Ukraine

• Mykhailo Medvediev, ADA University, Azerbaijan

• Alex Merzlykin, Kryvyi Rih Educational Complex No 129 “Gymnasium-Lyceum of
Academic Direction”, Ukraine

• Liliia Midak, Vasyl Stefanyk Precarpathian National University, Ukraine

• Franko Milano, University of Florence, Italy

• Iryna Mintii, Kryvyi Rih State Pedagogical University, Ukraine

• Natalia Moiseienko, Kryvyi Rih State Pedagogical University, Ukraine

• Mattia Monga, University of Milan, Italy

• Andrii Morozov, Zhytomyr Polytechnic State University, Ukraine

• Nataliia Morze, Borys Grinchenko Kyiv University, Ukraine

• Tetiana Nazarenko, Institute of Pedagogy of the NAES of Ukraine, Ukraine

• Pavlo Nechypurenko, Kryvyi Rih State Pedagogical University, Ukraine

• Tetiana Nikitchuk, Zhytomyr Polytechnic State University, Ukraine

• Yulia Nosenko, Institute of Information Technologies and Learning Tools of the NAES of
Ukraine, Ukraine

• Laima Okuneviciute Neverauskiene, Vilnius Gediminas Technical University & Lithuanian
Social Research Centre, Lithuania
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• Vasyl Oleksiuk, Ternopil Volodymyr Hnatiuk National Pedagogical University, Ukraine

• Kateryna Osadcha, Bogdan Khmelnitsky Melitopol State Pedagogical University, Ukraine

• Viacheslav Osadchyi, Bogdan Khmelnitsky Melitopol State Pedagogical University, Ukraine

• Maŕıa Rita Otero, National Scientific and Technical Research Council & National University
of Central Buenos Aires, Argentina

• Jaderick Pabico, University of the Philippines Los Baños, Philippines

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

• Stamatios Papadakis, University of Crete, Greece

• Larysa Petrenko, University of Educational Management, Ukraine

• Tetiana Pidhorna, National Pedagogical Dragomanov University, Ukraine

• 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

• Sergiy Rakov, Institute of Educational Analytics & Ukrainian Center for Educational
Quality Assessment, Ukraine

• Anna Rybak, University of Bialystok, Poland

• Iryna Salnyk, Volodymyr Vynnychenko Central Ukrainian State Pedagogical University,
Ukraine

• Zarema Seidametova, Crimean Engineering-Pedagogical University, Ukraine

• Tetiana Selivanova, Kryvyi Rih State Pedagogical University, Ukraine

• Serhiy Semerikov, Kryvyi Rih State Pedagogical University, Ukraine

• Oğuz Serin, European University of Lefke, Northern Cyprus

• Etibar Seyidzade, Baku Engineering University, Azerbaijan

• Yevhenii Shapovalov, Junior Academy of Sciences of Ukraine, Ukraine

• Oleksandr Shkolnyi, National Pedagogical Dragomanov University, Ukraine

• Svitlana Shokaliuk, Kryvyi Rih State Pedagogical University, Ukraine

• Yaroslav Shramko, Kryvyi Rih State Pedagogical University, Ukraine

• Oleksandra Sokolyuk, Institute of Information Technologies and Learning Tools of the NAES
of Ukraine, Ukraine

• Vladimir Soloviev, Kryvyi Rih State Pedagogical University, Ukraine

• Tatiana Starova, Kryvyi Rih State Pedagogical University, Ukraine

• Viktoriia Stoliarenko, Kryvyi Rih State Pedagogical University, Ukraine

• Andrii Striuk, Kryvyi Rih National University, Ukraine

• Oksana Strutynska, National Pedagogical Dragomanov University, Ukraine

• Myroslav Syvyi, Ternopil Volodymyr Hnatiuk National Pedagogical University, Ukraine

• Nina Tarasenkova, Bohdan Khmelnytsky National University of Cherkasy, Ukraine

• Vitor Duarte Teodoro, Universidade Lusófona de Humanidades e Tecnologias &
Universidade NOVA de Lisboa, Portugal

• Viktoriia Tkachuk, Kryvyi Rih National University, Ukraine

• Vera Toktarova, Mari State University, Russia

• Iryna Trubavina, National Academy of the National Guard of Ukraine, Ukraine
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• Yuriy Tryus, Cherkasy State Technology University, Ukraine

• Mariia Umryk, National Pedagogical Dragomanov University, Ukraine

• Mayank Vahia, Narsee Monjee Institute of Management Studies, India

• Tetiana Vakaliuk, Zhytomyr Polytechnic State University, Ukraine

• Nataliia Valko, Kherson State University, Ukraine

• Nataliia Veretennikova, Lviv Polytechnic National University, Ukraine

• Kateryna Vlasenko, Donbas State Engineering Academy, Ukraine

• Nataliia Volkova, Alfred Nobel University, Ukraine

• Tetyana Voloshyna, National University of Life and Environmental Sciences of Ukraine,
Ukraine

• Cevat Yaman, Imam Abdulrahman Bin Faisal University, Saudi Arabia

• Olga Yaroshenko, Institute of Higher Education of the NAES of Ukraine, Ukraine

• Yuliia Yechkalo, Kryvyi Rih National University, Ukraine

• Volodymyr Yeremieiev, Bogdan Khmelnitsky Melitopol State Pedagogical University,
Ukraine

• Natalia Zhytienova, H. S. Skovoroda Kharkiv National Pedagogical University, Ukraine

3. Proceedings structure
• 6 talks were presented in ‘Mathematics Education’ section: [2], [3], [4], [5], [6] and [7],

• 1 talk was presented in ‘Biology Education’ section: [8],

• 2 talks were presented in ‘Chemistry Education’ section: [9] and [10],

• 1 talk was presented in ‘Astronomy Education’ section: [11],

• 2 talks were presented in ‘Computer Science Education’ section: [12] and [13],

• 4 talks were presented in ‘Technology Education’ section: [14], [15], [16] and [17],

• 7 talks were presented in ‘Educational Technology’ section: [18], [19] and [20], [21], [22], [23]
and [24].

4. Conclusion
XIII installment of ICon-MaSTEd was organized by Kryvyi Rih State Pedagogical University,
Ukraine (with support of the rector Prof. Yaroslav Shramko), in collaboration with Kryvyi
Rih National University, Ukraine (with support of the rector Prof. Mykola Stupnik), Institute
of Information Technologies and Learning Tools of the NAES of Ukraine (with support of the
director Prof. Valeriy Bykov) and Ben-Gurion University of the Negev, Israel (with support of
the rector Prof. Chaim Hames).

We are thankful to all the authors who submitted papers and the delegates for their
participation and their interest in ICon-MaSTEd as a platform to share their ideas and
innovation. Also, we are also thankful to all the program committee members for providing
continuous guidance and efforts taken by peer reviewers contributed to improve the quality of
papers provided constructive critical comments, improvements and corrections to the authors
are gratefully appreciated for their contribution to the success of the conference. Moreover, we
would like to thank the developers of EasyChair and HotCRP, who made it possible for us to
use the resources of this excellent and comprehensive conference management system, from the
call of papers and inviting reviewers, to handling paper submissions, communicating with the
authors, and creating the volume of the conference proceedings. Special thanks to session chairs
for their work on the conference and its program, excellent and gratefully appreciated conference
support.
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We are looking forward to excellent presentations and fruitful discussions, which will broaden
our professional horizons. We hope all participants enjoy this conference and meet again in more
friendly, hilarious, and happiness of further ICon-MaSTEd 2022. The next meeting in the series
is the XIV International Conference on Mathematics, Science and Technology Education, 2022,
Kryvyi Rih, Ukraine (https://icon-masted.easyscience.education/2022/).
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Skovorody Str., Kyiv, 04655, Ukraine
2 Department of Mathematics and Methods of its Training, Kryvyi Rih State Pedagogical
University, 54 Gagarin Ave., Kryvyi Rih, 50086, Ukraine
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Str., Kramatorsk, 84331, Ukraine
4 Department of mathematics and methods of teaching mathematics, Berdyansk State
Pedagogical University, 4 Schmidta Str., Berdyansk, 71118, Ukraine

E-mail: vlasenkokv@ukr.net

Abstract. This article considers the issue of implementing a model of blended learning to
prepare master students majoring in Mathematics (speciality code in Ukrainian educational
system “014 Secondary Education. Mathematics”). The research analyses the existing
developments of the issue about the use of blended learning while training would-be mathematics
teachers. The researchers determined and explained the stages of work on developing the online
course “Methods for Teaching Mathematics to Students at Technical Universities”, that is used
when students learn methodological subjects of the curriculum. The research describes the
development of the theoretical online course model and methodological recommendations on
the learning materials and preparing papers for the course. The article offers recommendations
related to the course structure. The course developers defined the usability criteria of the
educational platforms, determined the stages of course users’ activity, their content, and
organization. The research describes the areas of online course activity management, the course
tutors’ and moderators’ teamwork is defined as the main condition of its development and
support. In order to prove the efficiency of implementing blended learning of the methodological
subjects, an experiment was carried out during the assistant practice in technical universities
that master students of the specialization “Mathematics” had. The results allowed confirming
the efficiency of students’ practical training during blended learning of the methodological
subjects that in its turn encouraged the improvement of the assistant practice results.

1. Introduction
The permanent and considerable growth of technological resources generated a new concept
of education that uses the blended learning [1–5]. Blended learning is a combination of the
personal and online learning experience. The advantage of this multi-methodological approach
is that it allows achieving the goals connected with traditional education. Due to this fact the
actuality of developing cognitive online environments that ensure a complex training of higher
school teachers combining traditional and online education is growing.

In order to confirm the correctness of the chosen approach the analysis of the researches
and publications made by [6,7], dedicated to the development of educational environments, was
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carried out. The conclusions of the analyzed works proved that the problems of training higher
school teachers can be solved by implementing the models of blended learning aimed at the
students who can be self-organized and are ready to develop their skills. It was also proven by
the scientists [8–11] who explained the conclusions about the global nature of the problem to
give practical training to would-be mathematics teachers.

In the mentioned scientific works it is explained that blended learning ensures continuous
learning in constantly changing and mobile environments. Besides, according to the research
assessment [12–14], the advantages of blended learning include maximum flexibility, efficient and
fast delivery of knowledge, and different options of personalization. According to [15], blended
learning helps to solve the issues of improving the motivation of students who are involved in
online courses [16].

Together with studying the problems in online education, in a range of publications, scientists
emphasize the efficiency of using blended learning during mathematics teachers’ training.
Describing the development of the courses that ensure blended learning [17–19], studied the role
of a teacher on high-quality online courses and summarized the students’ and teachers’ experience
of learning online. The same problems interested the researchers [20–22], who pointed out that
considerable use of modern Internet technologies while training specialists in different areas
requires from higher school mathematics teachers skills to adapt to new conditions, permanently
support and renew their knowledge to correspond to the growing demand for online education.

In order to satisfy the growing interest in high-quality online education [23] discuss the
development of online systems and describe how to implement the development of a course
that ensures the quality and consistency of both things – the content and learning design in
university. The scientists recommend the model that ensures the general foundation for all
university online courses. In this model, the academic departments choose what courses they
want to turn into online courses and give recommendations to the course developers. Also, the
scientists suggest a detailed description of the course development process, from concluding a
contract to the consultation with the developer who created the instructions and reconsideration
of quality standards.

[24] reviewed the literature for studying the problems while carrying online courses and
defined three main categories that are connected with online education, instructors, and content
development. The scientists described how to solve these problems using the survey among
online course participants. Teachers’ questions included the change of teachers’ role, transfer
from personal communication to online, time management, and teaching styles. The content
questions included the instructors’ role during the content development, multimedia integration
into the content, the role of learning strategies during the content development, and suggestions
on the content development. Also, in the context of the research, an interesting idea was given
by [25, 26], who described how students together with offline classes got consultative online
learning support. The results of the experiment proved that students were more motivated in a
blended learning environment. The students’ satisfaction with blended learning is shown in the
researches done by [27–29]. The transforming potential of blended learning in higher education
is presented in the research done by [30]. The research by [18] also proved the students’ tendency
to study more online during blended learning.

Thus, the range of problems that were described in the scientists’ researches [18, 27–30]
and connected with the implementation of blended learning in universities and online course
development encouraged the authors of this article to determine the stages of their work on the
development of the online course “Methods for Teaching Mathematics to Students at Technical
Universities” [31] to prepare mathematics teachers during blended learning. At the stage of
planning aims, the authors of the course were focused on the points of the concept given on
the platform “Higher School Mathematics Teacher”, developed by authors of [32]. The course
developers followed the concept that student’s achievement of the goals regularly will motivate
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them to strive for more. That’s why while making the curriculum the attention was focused on
the achievable goals that students choose independently. Students’ ideas influenced the course
structure.

The theoretical analysis of the researches and resources [33, 34], that describes the online
course structure and component development, and also the ideas given by the scientists [35],
focused on the development of programs for online courses, allowed the authors of the article to
include the creation of the course model to the stages of work on its development. At this stage,
the attention was concentrated on the research done by the scientists [36,37], who indicated that
educational institutions face problems during the model development process. The researchers
recommended relying on the survey among the students who represent their expectations from
the course for the efficient, high-quality development of the online course model.

The authors of the article also defined such a stage of work on the course development
as the organization of their participants’ activity and determination of its evaluation criteria.
The researchers based their conclusions on the research done by [23, 24, 38] about taking into
consideration the wishes of future potential course users.

The course design was determined as one of the stages of its development. While course
tutors followed the position given by [39], that interface should be attractive and minimalistic in
use [40] and thus, its main objective should be to allow the user to build their learning strategy.
Also, during the design development, the principles of instructional design offered by [41], the
principles of usability implementation given by [42] and suggestions on online course design and
development mentioned by [43] should be taken into consideration.

The analysis of the researches done by the course developers [44, 45], as well as teaching
mathematical subjects in technical universities proved the relevance of adding to the stages
of online course development the creation of methodological recommendations for learning
materials and the organization of course management.

The article aims to determine and explain the stages of the work on the course development
for training would-be mathematics teachers during blended learning.

The achievement of the research aim was based on the description of:

(i) The course model creation

(ii) The development of methodological recommendations for learning materials and preparing
papers for the course

(iii) The course design

(iv) The organization of course participants’ activity and determination of evaluation criteria

(v) The course management

(vi) The experimental confirmation results of the efficiency when implementing blended learning
for the subjects of the methodological cycle

2. Method
The authors of the research determined the stages of work on the course development for training
mathematics teachers during blended learning: 1) building a course model; 2) development of
methodological recommendations for learning materials and preparing papers for the course;
3) course design; 4) organization of the course participants’ activity and determination of its
evaluation criteria; 5) course management.

We offer to consider the methods that were used during every stage.

2.1. The development of the course model
The development of the theoretical model of the online course “Methods for Teaching
Mathematics to Students at Technical Universities” [32] to prepare master students of the
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specialization “014 Secondary Education. Mathematics” (hereinafter “Mathematics”) was the
first stage. While creating a model the researchers followed the next principles: system,
humanity and professional orientation, flexibility, dynamics, and volatility. At this stage, the
researchers created a survey using Google Forms [46] by posting it on the platform “Higher School
Mathematics Teacher” in free access and offered it to master students. The survey questions were
focused on finding out the future participants’ expectations from the course. In particular, it was
important for the course tutors to find out the nature of the problems that master students face
during their assistant practice, master students’ level of awareness about the methodological and
technological peculiarities of active mathematics learning; understanding of cloud technologies
and systems of computer mathematics while teaching mathematics in technical universities. The
analysis of the master students’ survey results helped to organize the feedback with the future
course participants. Thus, the students were willing to get acquainted with the components
of the professional training, get an experience of performing specific types of teacher’s activity,
and get acquainted with the parameters according to which the internal specialist’s readiness
for professional activity is evaluated.

Furthermore, the analysis of the respondents’ answers allowed us to determine the structural
components of the online course model: methodological environment; technologies of the
learning environment; the component structure of professional training. In the methodological
environment of the model, the course tutors offered the participants to learn the content,
methods, forms, and means of learning mathematics in universities. The authors chose the
systems of computer mathematics (SCM) [47], cloud technologies [48], and a project method
[49] as the semantic filling of the component that ensures the technologies of the learning
environment. Connection building between the methodological environment and technologies of
the learning environment [50] is carried out using visual, instrumental, integral genesis.

Motivational and value-based, operational and activity-related, controlling, and corrective
components during the professional training enable to structure and evaluate the parameters
of the internal specialist’s readiness for the professional activity. The visual illustration of
the theoretical model of the online course “Methods for Teaching Mathematics to Students at
Technical Universities” is shown in figure 1.

2.2. The development of the methodological recommendations for learning materials and
preparing papers for the course
The second stage of work on creating a course was the development of the methodological
recommendations for learning materials and preparing papers for the course. At this stage,
the authors of the course used the method of analyzing research [33, 35] and resources [34]
that provide recommendations on training, structuring, and development of the online course
content. As a result of the analysis the course developers created the recommendations on the
course structure, in particular:

1. The course materials should be provided as logical sections (learning “blocks”) of the
corresponding length for learning during 1–2 hours.

2. It is more appropriate to start every week and every new section with a material review,
including structure, learning results, and approximate learning time review.

3. Every section, subsection, and the pages should have clear descriptive headings. It will help
the student to plan on which sections they will work and allow them to review the topics
that have already been learned.

The course developers suggested the recommendations on handing in the papers for the
participants’ processing on the course according to the information accessibility features and its
quality as well as considering students’ needs.
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Figure 1. Theoretical model of the online course “Methods for teaching mathematics to
students in technical universities”.

The materials of lectures and practical tasks, according to the recommendations, can consist
of video files, hypertext, demonstrative animation, audio, and video lectures, schemes, pictures,
graphics, tables, drawings, information-reference materials, computer simulators. Presentations
and other additional materials such as attached files and interactive supplements, resources,
given in the reference list, can be also used. The course developers suggest using Camtasia
software that can catch the video from the screen in order to create a video lecture of the online
course.

Forum use during the course has several functions, that’s why the course developers
recommend: all the course participants to sign up for the forum to get notifications about
new topics and answers on the forum; to use the forum for the participants’ communication in
the asynchronous mode, in other words, during a long time; to carry out discussions among the
participants about their group mates’ works using the forum, which is included in one of the
course tasks. Moreover, the course developers recommend the participants to visit the forum
to share examples of their works with each other and also to ask each other and teachers some
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questions on the topics that are studied.
The creation of the course content has to be combined with the evaluation of the students who

help to evaluate the quality of the developed learning materials and detect minor disadvantages.
That’s why the course developers recommend improving the course materials using the survey
among the respondents who work with the courses. The authors of the course suggest using the
surveys created in Google Forms.

2.3. The course design
The course design was determined as the next stage of the work on the course. The researchers
defined the interface of the course on the educational platform as one of the factors that impact
online learning results.

Using the Inductive Content Analysis Method the course developers carried out the analysis
of the structure and principles of creating the most popular international and domestic systems
of online education and determined the usability criteria of educational platforms [40]. These
parameters were included in the survey among higher school teachers and students, and it
was aimed at evaluating the relative importance (weight) for users of the determined usability
criteria (Information Quality (IQ), System Learnability (SL), System Navigation, Visual Design,
Instructional Assessment, System Interactivity, and Responsiveness). In order to do it, the
respondents defined the criterion rating from 1 to 7 depending on its influence on the platform
usability (where 1 is the most important). Working on the course design its authors followed
the realization of the defined usability criteria on the platform “Higher School Mathematics
Teacher” [32]. The ways of following the criteria are represented in table 1.

2.4. The organization of the course participants’ activity and determination of evaluation
criteria
The organization of the course participants’ activity is an important aspect of efficient course
learning. The content of every stage organization is represented in table 2.

The authors of the course offered master students a survey using an open online service,
posting a survey on the platform “Higher School Mathematics Teacher” [32]. The survey
questions were focused on the correction of the course topics and materials. The analysis of
the survey results and respondents’ suggestions on the forum helped to determine the stages of
the participants’ activity and the organization of these stages.

The authors determine the main stages of the activity on the course such as the course
introduction, its aim, and objectives; weekly learning planning; theoretical data introduction;
completing practical tasks; passing tests; communication with the course teachers and
participants.

The authors of the course developed the criteria of evaluating the activity of the online course
users using the analysis of the programs of university practices [51–54], where master students
of the specialization “Mathematics” are prepared. Tutors evaluate the course participants’
activity after the course following the next criteria: formed skills to organize the main forms of
teaching mathematics in higher schools (scientific-pedagogical activity); formed skills to carry
out the methodological analysis of the learning material and prepare learning methodological
material for different types of classes (methodological activity); formed skill to choose and
use modern technologies and learning methods (integration activity); acquiring experience of
teaching activity, moral-ethical qualities that a higher school teacher should have, an individual
creative style of the pedagogical activity, necessity of self-education (professional activity).

2.5. The course management
The efficiency of the online course process mostly depends on the organization of the course
management. That’s why the next stage was to find out about the management of the online
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Table 1. Realization of usability criteria on the platform “Higher School Mathematics Teacher”.

Criterion name Criterion function The conditions of criterion realization on
the platform “Higher School Mathematics
Teacher”

Information
Quality (IQ)

Describes the informa-
tion correspondence in
the system to the learn-
ers’ needs

The use of programming tools for text
formatting, integration of graphic, video
and audio information, link, formula,
testing, and survey integration

System Learn-
ability (SL)

Describes the learning
easiness and speed

System Naviga-
tion

Reflects the quality of
navigational tools

Is ensured using the main and additional
menus of the platform that are placed in
the upper part of the interface and are
present on every page, it allows the user
to follow the necessary section

Clear sequence Describes the clear logi-
cal consistency of pages

Posting “breadcrumb” navigation on the
pages that allows to visually represent the
hierarchy of the pages of the upper level
and navigate on them

Visual Design Describes the aesthetics
of the learning system
visual design

The use of a basic range of colors in
RGB coding model (light colors are for
the body, dark are for the main content
and additional colors are for structural
elements and references), that ensures
readability and aesthetic design; satisfies
the objectives of the platform information
value, general structure of the platform
interface, that includes a header, footer,
sidebar, and content layout elements;
the text is ensured by Typography, that
includes a stylistic design for headings,
subheadings, and the main text

Instructional As-
sessment

Describes the easiness
and efficiency of evalu-
ation tools

Feedback forms, testing subsystems, and
file downloads are used

System Interac-
tivity

Rreflects the presence
of simple interaction
tools between the par-
ticipants of the learning
process

The platform users’ forum is used that
ensures the interaction of student–teacher,
teacher–student, student–student

Responsiveness Describes the quality
of the system image
on mobile devices with
different resolution

The adapted size of the text, headings
and, subheadings, links, buttons, size of
the images, and other interface elements
are used

course process.
The researchers surveyed master students and mathematics teachers of higher schools. The
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Table 2. The organization of the course participants’ activity.

Stage of activity Organization of the stage
Tutors’ activity Participants’ activity Method

Course introduc-
tion, its aim, and
objectives

Formulates the
course objectives,
defines work
terms

Users start studying on the
course from the registration
point, that’s why for every par-
ticipant the first learning week
on the course starts individually,
and also according to the learn-
ing start, the individual time of
finishing the learning week is de-
fined

Video

Weekly learning
planning

Formulates the
weekly objectives

Users get acquainted with the
plans and objectives for the
learning week

Video

Theoretical data
introduction

Represents the
learning topic

Users get acquainted with the
theoretical material, work it out
at their own pace during the
learning week

Text documents,
for giving the
main theoretical
data; videos

Completing prac-
tical tasks

Offers resources
that allow stu-
dents to be
involved in dif-
ferent types of
activity

Users watch the video with the
recommendations on the practi-
cal task; choose the mathematics
section independently for the cre-
ation of their product according
to the weekly tasks; complete the
task; represent the work by post-
ing it on the weekly forum

Video with rec-
ommendations
on how to make
lecture notes
or a system of
exercises for the
practical class;
higher mathemat-
ics textbooks

Taking tests Offers the partic-
ipants a knowl-
edge self-check

Users check the level of the
topic assimilation, after taking
the test, the topic is counted
done if 60% of the answers are
correct, the number of taking the
test is not limited

Tests

Course partic-
ipants’ cross-
checking

Offers to use ear-
lier developed cri-
teria of the task
evaluation

Users check the works of two
group mates; evaluate them and
discuss the works on the forum

Task evaluation
criteria

Modern tech-
nologies use
while learning
mathematics in
technical univer-
sities

Offers to involve
modern learning
technologies to
prepare practical
weekly tasks

Users get acquainted with the
examples of modern technologies
use

Resources to be
used: a project
method, com-
puter mathemat-
ics systems, cloud
technologies

Communication
with teachers and
course partici-
pants

Encourages the
course partici-
pants to take part
in weekly forums

Users take part in weekly forums The forum on the
platform that is
the main crite-
rion of learning a
course
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survey for teachers allowed finding out the respondents’ attitude to teamwork in creating courses
and also the coordination of the team members’ activity involved in the platform support.
Also, the course developers carried out a theoretical analysis of the researches and resources
that implement the recommendations on training, structuring, and developing the content for
online courses. The analysis of respondents’ answers for the offered questions and studies of the
recommendations influence the description of the methodological requirements for the online
course structure and content.

The developers structured the course “Methods for Teaching Mathematics to Students at
Technical Universities” [31] following weekly planning. The authors introduced the material
review at the beginning of every week and every new section, including course participants’
introduction to the structure, learning results, and approximate learning time.

The adaptation of the mass production to the requirements of a particular consumer on
the educational platform “Higher School Mathematics Teacher” [32] takes place using a partial
content change following a definite request, adding extra tasks and materials to the course. The
discussions on the forum that are regularly monitored by the course tutors allowed monitoring
the content quality, involvement of the potential participants to the material development,
creation of the conditions of constant support for the course participants, prompt reaction to
their suggestions.

The areas of the online course activity management pointed out by the authors allowed
determining the necessary actions concerning management, terms of action, and participants
(table 3).

3. Results
The experimental research on the impact of blended learning implementation was held during
2019–2020 while master students of the specialization “Mathematics” learn methodological
subjects of the curriculum and during the assistant practice in technical universities.

The experiment hypothesis. The analysis of the theoretical works on the methodology
for training master students, the determined theoretical basis of blended learning in the
methodological training of future mathematics teachers in technical universities allowed
formulating a hypothesis: the efficiency of blended learning during the methodological training
of future mathematics teachers in technical universities will be high under the condition of
the systematic use of traditional offline learning and online learning of the subjects of the
methodological cycle. According to the model of the author’s methodology, the use (option A)
or non-use (option B) during the assistant practice of the online course “Methods for teaching
mathematics to students in technical universities” [31] was determined as the variable. Option
A is based on the fact that students during their assistant practice used the materials of the
online course [31]. Option B is based on the fact that students during their assistant practice did
not use the materials of the online course [31] but used only the offline learning materials that
were offered by the teacher following the blended method. Invariable conditions: the number
of experiment participants in experimental groups; similar initial students’ level in both EG;
duration of the learning and assistant practice; using the model of blended learning for the
subjects of the methodological cycle where the training for the assistant practice is carried out,
evaluation criteria, experimenter.

The selection of the experiment participants. 87 master students of the second training year
of Kryvyi Rih State Pedagogical University, Sumy State Pedagogical University named after
A. S. Makarenko, National Pedagogical Dragomanov University, Berdyansk State Pedagogical
University, Vinnytsia Mikhailo Kotsiubinskyi State Pedagogical University were involved in the
experiment, those who had their assistant practice at that time. In order to get equal groups
at the beginning of the experiment, the control and experimental groups of students included
those who had the same average success rate for the subjects of the methodological cycle. The
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Table 3. Management organization on the course.

What is necessary to do? Who carries
it?

When should
it be done?

The preparatory stage of the course development

To work out a survey and spread it among the
potential course participants and teachers aimed at
finding out the expectations from the course

Course
developers

During the
course
planning

To carry out the theoretical analysis of the researches
and resources and make recommendations on the
preparation, structuring, and development of the
content for online courses
To describe methodological requirements for the
structure and content of online courses
To structure the course on the online platform Course

developers
During the
development
of the course
content

To develop the course content, forms, and methods of
knowledge control
To support technically the content management
during the course creation

Content-
manager

To provide the search for course participants; advertise
and promote the course

Client-
manager

Course opening

To register the users on the course; to provide access
to the course

Client–
manager

Before the be-
ginning of the
course learning

Stage of the course use during the learning period and skills development

To form the participants’ group; to create the course
schedule

Client-
manager

During
participants’
learning on
the course

To provide the proper efficiency of the course elements
during all the time of its use

Content–
manager

To interact with the course participants during
individual and group online consultations; to control
the learning process

Course tutors

Finishing learning on the course

To give a certificate about passing the course Client–
manager

During the
last week of
the course

Course improvement

To change partly the content following a particular
request; to add extra tasks and materials to the
course; to monitor regularly the discussions on the
forum; to involve potential participants in the course
material development; to react promptly to the course
participants’ suggestions

Course tutors Periodically
during the
course

To support technically the content changes during the
course improvement

Content–
manager
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students of the experimental group learned the subjects of the methodological cycle: “Methods
for Teaching Mathematics in a Specialized School” (MTMSS); “Innovative ICT in Education”
(InICT) following the methodology of blended learning. Students of the control group learned
the same subjects following the traditional methodology. The same teachers evaluated the
pedagogical traineeship in universities (assistant practice) in both groups. During the assistant
practice, two experimental groups (EG1 and EG2) were created. The students of group EG1 (19
participants) were offered to sign up for the online course [31] during the practice (option A of the
author’s methodology model). The students of the experimental group (EG2 – 21 participants)
and of the control group (CG – 47 participants) had their assistant practice without the course
implementation (option B of the author’s methodology model).

Pre-experimental test. This test was carried out in order to find out the students’ success rate
for the subjects of the methodological cycle at the beginning of the master’s studies. Table 4
represents the average success rate for every subject of the methodological cycle and pedagogical
traineeship that the students of the experimental and control groups had during the bachelor’s
studies. The average success rate is 0.761 in EG1, 0.804 in EG2 and 0.761 in CG.

Table 4. The average success rate for the subjects of the methodological cycle during the
bachelor’ studies.

Subjects CG EG1 EG2

MTM 0.76 0.758 0.804
ICTT 0.75 0.76 0.814
Pedagogical traineeship (PT) 0.775 0.765 0.795
Average rate 0.761 0.761 0.804

The determination of the success rates took place according to the grading system (table 5).

Table 5. Grading system: national and ECTS and success rates.

Total for all types
of learning activi-
ties

ECTS
estimate

Estimate according to
the national grading
system

Success rate

90–100 A Excellent High
80–89 B

Good Sufficient
71–79 C
61–70 D

Satisfactory
Average

50–60 E
Low30–49 Fx

Unsatisfactory
0–29 F

The number of students in EG (in %) at the same success level for every subject of the
methodological cycle and practice is represented in table 6.

In order to determine the presence of differences in the success rate, Mann Whitney U–test
that is meant for evaluating the difference between two selections following a feature level that
is measured by quantity was used. The empirical value of the criterion U reflects the level of
the coincidence zone between the sets. The lower Uempir. is, the more reliable the difference
in results might be. Reliable differences can be observed if Uempir. = Ucr.0.05. “In order to
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Table 6. The ratio of the students’ number and the success rate (in %).

EG High level Sufficient level Average level Low

MTM ICTT PT MTM ICTT PT MTM ICTT PT —
EG1 15.8 21.1 15.8 52.6 42.1 47.4 31.6 36.8 36.8 —
EG2 33.3 33.3 28.6 47.6 52.4 52.4 19.1 14.3 19.0 —
CG2 15.9 20.1 15.2 51.7 41.5 48.1 32.4 38.4 36.7 —

process the data, it is necessary to determine the hypotheses: H0 and H1.” Hypothesis H0 is
accepted if Uempir. > Ucr.0.05. Hypothesis H1 is accepted if Uempir. = Ucr.0, 05. The comparison
of the results of the pre-experimental test in EG1 and EG2. The average success rate in CG
and EG1 was 0.761, in EG2 it was 0.804. CG and EG1 makes selection 1, EG2 makes selection
2. H0 – the level of training in selection 1 is not lower than the level in selection 2. H1 –
the level of training in selection 1 is lower than the level in selection 2. Thus, Mann Whitney
U–test use proved that the groups of students with the same initial training level took part in
the experiment.

Experimental learning. At the next stage of the research master students’ experimental
learning, which was held following two options of the author’s methodology, was implemented.
The first part of the experiment was invariable: the students of the experimental groups (EG1

and EG2) learned the subjects of the methodological cycle following the methodology of blended
learning. The students of the control group (CG) followed the traditional methodology. The
second part was variable: Option A was based on the opportunity given to the students of the
experimental group 1 (EG1) who could sign up for and pass the online course “Methods for
teaching mathematics to students in technical universities” [31] during the assistant practice.
Option B was based on the opportunity given to the students of the experimental group 2 (EG2)
and control group to pass the assistant practice without any online course involvement.

Post-experimental test. The results after the experimental test are provided in tables 7, 8. In
table 7 the average success rates for every subject of the methodological cycle and practice are
given, in table 8 the correlation of students’ number and the success rate (in %) is determined.

Table 7. The average success rate for the subjects of the methodological cycle during the
master’s studies.

Control group Experimental groups

Subjects CG EG1 EG2

MTM in a specialized school (MTMSS) 0.806 0.835 0.863
Innovative ICT in education (InICT) 0.795 0.852 0.871
Pedagogical traineeship in universities (PTU) 0.815 0.842 0.869
Average rate 0.805 0.843 0.876

The growth of the average success rate for the subjects of the methodological cycle and
pedagogical traineeship after the experiment is represented in table 9.

The growth is visually represented in figure 2–4.
So, in all the groups in all the subjects, the positive dynamics is recorded, but the growth of

the success rate according to option A, when students had online support during the practice
is higher than according to option B. That is why it is possible to state about the efficiency of
the practical training among students during blended learning of methodological subjects. The
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Table 8. The ratio of the students’ number and the success rate (in %).

EG High level Sufficient level Average level Low

MTMSS InICT PTU MTMSS InICT PTU MTMSS InICT PTU —
EG1 16.3 21.6 16.9 52.9 42.2 48.4 30.8 36.2 34.7 —
EG2 36.3 35.8 30.6 48.8 53.9 53.4 14.9 10.3 16.0 —
CG 16.0 21.1 16.3 51.9 41.0 47.6 32.1 37.9 36.7 —

Table 9. The growth of the average success rate (ASR) for the subjects of the methodological
cycle according to the experiment results.

Before the experiment After the experiment Growth

Subjects CG EG1 EG2 CG EG1 EG2 CG EG1 EG2 Subjects
MTM 0.76 0.758 0.804 0.806 0.835 0.863 +0.046 +0.077 +0.059 MTM in

specialized
schools

InICT 0.75 0.760 0.814 0.795 0.852 0.871 +0.045 +0.092 +0.057 Innovative
ICT in
education

Peda-
gogical
trainee-
ship

0.775 0.765 0.795 0.815 0.842 0.869 +0.040 +0.077 +0.074 Pedagogical
trainee-
ship in
universities

Average
rate

0.761 0.761 0.804 0.805 0.843 0.876 +0.044 +0.082 +0.072 Average
rate

Figure 2. Growth of ASR in groups EG1 and EG2.

efficiency of blended learning for methodological subjects also contributes to the improvement
of the results of the pedagogical traineeship (assistant practice) in universities.
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Figure 3. Growth of ASR in groups EG1 and CG.

Figure 4. Growth of ASR in groups EG2 and CG.

4. Discussion
The idea of implementing the models of blended learning for training mathematics teachers in
higher schools was proven in the researches by [8–11]. [38], who were focused on the online course
use during the development of the environment for blended learning, stated that the model of
the online course should help to organize the learning process on the Internet encouraging
efficient, integral, and motivated users’ practice. During the online course development in
order to create such an environment the conclusions of the researches done by [23, 24] were
considered, and the necessity to develop a survey aimed at detecting the wishes of the future
potential course participants during its development was proven. Taking into account the
course participants’ ideas and recommendations the scientists helped to develop a model of the
online course “Methods for teaching mathematics to students in technical universities” [31].
The selected approach allowed determining the structural components of the online course
model: methodological environment; technologies of the learning environment; components
of the professional training. The authors of the model based their ideas on the fact that
master students’ assimilation of the learning material, which was included in the methodical
component, encourages their more conscious understanding of the practical implementation
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of the content, methods, and forms of teaching mathematics in technical universities. The
researchers’ recommendations, their practical developments, guidance for course tutors enables
master students’ preparation for offline classes, the development of learning and learning-
methodological materials for teaching mathematics. The component functioning of the learning
environment technologies is based on using cloud technologies and a project method. The
researches done by [55–57] proved the necessity to choose cloud technologies. The scientists
stated that due to providing convenient access to the network of computing resources that ensure
and release from routine calculations, the use of cloud technologies encourages the intensification
of calculations and the attention concentration on more significant questions of the learning
process. Selecting the project method, course tutors were concentrated on the works given
by [58–60]. The conclusions made by the scientists proved that learning based on projects
fosters fast students’ personal growth, encourages their self-development and self-management.
Visual, instrumental, integral genesis in the model structure helps to set up connections between
methodological and technological components of the model learning environment and ensures
the efficiency of work with learning materials of these components.

At the stage of developing the methodological recommendations for learning materials and
preparing papers for the course the experience of the learning group working on the development
of online courses APass (https://apasseducation.com) and analysis of the research done
by [61, 62] played an important role. Taking into account the recommendations suggested
by the scientists, the course developers created the recommendations on the course structure.
It is offered to ensure the efficiency of the learning aim on the course using such means as
clear aim; matching of the aim and student’s expectations; direct correspondence between the
learning aims and students’ actions during the course and their evaluation; selection of learning
materials and technologies that correspond to the learning aims, motivate students and support
their results. Moreover, the development of the forum during the course is agreed with the
conclusions made by [63], who prove that the forum plays not only an informative role in the
participants’ communication but also encourages an active participants’ role in the discussions
on the forum, their tendency to show the highest level of learning the material.

After getting acquainted with the factors that determine the success of the online courses,
described in the works of [64,65], we involved experienced experts in teaching mathematics before
the preparation and development of high-quality content. The developers, when started creating
the course content, supported the idea that the content as the main tool of evaluating the quality
of online courses should be followed by the students’ estimate. This idea was confirmed in the
works of [36,66,67].

At the stage of the course design development, the researchers followed the recommendations
given by [68] who studied the convenience of using educational websites from the university
students’ point of view. The course interface on the educational platform was determined as one
of the factors that influence the results of online education. The analysis of the recommendations
and advice given by [69, 70] helped to describe the organization of the course participants’
activity and determine the main stages of the activity: introduction to the course aim and
objectives; weekly learning planning; theoretical training; completing practical tasks; taking
tests; communication with course teachers and participants.

The position expressed by the authors of the article on the necessity of the development
management and online platform support is agreed with the researches that describe the
solution to the problems that students face during online learning [71, 72]. The areas of online
course activity management allowed determining the necessary tutors’ actions related to the
management, terms of action, and performers at the preparatory stage of the course development,
when opening the course, at the stage of using the course during the learning process, and skills
development when finishing the learning on the course and course improvement.
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5. Conclusions
The authors of the research used the technology of blended learning combined with the use of
traditional offline teaching and online teaching for the subjects of the methodological cycle so
that master students could succeed during the pedagogical traineeship (assistant practice) in
universities.

The stages of work on the development of the online course “Methods for teaching
mathematics to students in technical universities” [31] are determined in the research and the
objectives of every stage are described.

At the stage of developing a course model, researchers recommend basing the theoretical
model of an online course on the idea of blended learning for subjects of an integrated
methodological cycle to prepare students for assistant practice. In particular, the course tutors
recommend a methodological environment that allows its users to learn the content, methods,
forms, and means of teaching mathematics in universities during MTMSS classes and online
lectures. The content of the model component that ensures the technologies of the learning
environment, according to the recommendations of the course developers allows the efficient
subject assimilation and participants’ learning of the modern technologies course for teaching
mathematics to students in technical universities, such as systems of computer mathematics,
cloud technologies, a project method. Link building between the methodological environment
and technologies of the learning environment is carried out using visual, instrumental, integral
genesis that students get during the assistant practice in universities.

The development of methodical recommendations for educational materials and preparation
of papers for the course is defined by researchers as the second stage of work. The researchers
recommend building the course content and the process of its learning on the principles
of personal orientation, practical realization, flexibility, independence, and voluntary nature.
According to the recommendations given by the course authors, the learning materials should
correspond to the students’ expectations and encourage motivation during the course.

As for the development of course design, at this stage of work researchers recommend creating
it following the usability criteria of the educational platforms and minimalism criteria that ensure
the easiness of the course material perception, do not overload the users with extra information.

Organizing the activities of course participants and defining the criteria for their evaluation
is also an important stage of working with the course. At this stage, the authors of this course
have identified areas for managing the activities of the online course, and this in turn allowed
to determine the necessary actions for course management, timing, and the team of performers.

In the last stage of working with the course, the researchers identified the issue of the
management of the course. In order to ensure the high-quality management of the course,
it is recommended in the research to use teamwork at the stage of creating and ensuring the
online course functioning.

The results of the experiment show the growth of the average success rate in the subjects of
“MTM in the specialized school” and “Innovative ICT in education” and positive results of the
pedagogical traineeship in universities among the students of EG compared with CG. Namely,
the average rate in the groups CG, EG1, EG2, respectively, is +0.044, +0.082, +0.072. Which
in turn indicates the positive results of blended learning.

The vector of further research is the development of an online course for learning the discipline
of the methodological cycle by master students “MTM in a Specialized School”.
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Abstract. The article considers the use of GRAN1 software in the analysis of two-
dimensional continuous probability distributions. The learning process can be provided by
freely distributable software, through the use of cloud technologies, in particular software from
the GRAN package. However, the use of any technology in the educational process, including
modern information and communication technologies, as well as the content of education, must
be pedagogically balanced, which will avoid any negative consequences for the formation of
the future member of society, his mental and physical development. Attention is drawn to the
fact that children are increasingly looking for entertainment, using mobile devices, sharing new
products with their peers and spending time together, playing a variety of online games, and
parents cannot control this process. At the same time, teachers conduct lessons using mobile
devices to draw attention to the subject, they are teaching. In the process of using computer
technology, students can form a special type of thinking, the so-called “clip consciousness”, which
leads to fragmentary thinking and the irreversibility of changes in consciousness. Therefore,
the problem of excessive use of mobile devices by children requires constant analysis and
coverage. The article discusses some examples of using the GRAN1 software to solve problems
in probability theory. Examples of approximate calculation of the value of the double integral
are given. Tables of values of the corresponding integrals are described. The use of modern
information and communication technologies during mathematics lessons is considered.

1. Introduction
Significant spread of the use of modern information and communication, in particular cloud-
oriented, technologies (see [1]) in the educational process, in particular in the process of teaching
mathematics, requires the development of new computer-based teaching methods focused on the
harmonious combination of pedagogical achievements past and present scientific and technical
achievements, the pedagogically balanced use of various computer-based learning environments
in the learning process, the formation of students primarily scientific worldview, analytical and
synthetic, critical and logical, creative thinking, their mental, physical and general cultural
development, correct vision of the world, careful attitude to the surrounding world and to
people, benevolence, humanity, peace (see [1, 2]).

The purpose of writing this article is to introduce into the course of computational
mathematics for students at pedagogical universities analysis of two-dimensional continuous
probability distributions as a new fragment.

Of particular importance is the teaching of natural sciences and mathematics, during which
students have to consider and build models of various processes and phenomena, and then explore
them, analyzing their various features and characteristics, possibly using different information
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and communication models to perform calculations or experiments, and based on the results of
such analysis, synthesizing the relevant conclusions. This approach to learning allows students
to effectively develop logical, critical, creative thinking, scientific worldview, creative approach
to solving various problems, their correct vision and ability to explain their nature and essence.

Of particular importance are the cloud technologies for accessing the resources of various
powerful computers (servers) via the Internet using not very powerful, including mobile Internet
devices – smartphones, tablets, etc. [3] This allows educational institutions to use the resources of
remote servers without spending money to purchase their own powerful, and therefore expensive,
computers. It is enough to have access to the Internet through the appropriate browser to get
to the open virtual desktop on a powerful remote computer and then use the resources of the
remote computer (server) to develop solving their problems in relation to the processing of
various information resources – solving mathematical problems, processing texts, translation
from one language to another, information on the interpretation of different terms, their origin,
and much more [4].

On the example of using the resources of a remote server with “cloud” versions of the software
package for educational purposes Gran solve several problems.

2. Theoretical background
Children are increasingly looking for entertainment using mobile devices, sharing new products
with their peers and spending time together, playing a variety of online games. Be sure to
consider the time spent on such devices to prevent getting used to the uncontrolled use of
certain applications or due to exposure to unwanted content [5].

Teachers began conducting lessons using mobile devices and computers to draw attention to
the subject. It should be understood, that the informatization of education is not a panacea,
there are risks of loss of cultural and creative thinking, live communication, and the illusion of
accessibility of cognitive actions. In the process of using computer technology, students form a
special type of thinking, the so-called “clip consciousness”, which leads to fragmentary thinking
and the irreversibility of changes in consciousness. This causes a bad mood, irritability, often
general malaise, or fatigue. As a result, appetite is reduced, sleep is disturbed, and efficiency is
reduced.

The problem of overuse of mobile devices and computers requires constant analysis and
coverage. It is clear, that the development, creation and use of software to control the time
spent by children on gadgets is one of the urgent needs of parents and teachers to prevent the
“collage of modern thinking” of children [6, 7].

However, with a harmonious combination, the educational process improves, because there
is always a lively discussion between students. Researchers have shown that children of all ages
memorize learning material best while playing. Therefore, motivated use of mobile devices and
computers during learning increases student activity [8, 9].

One of the most effective ways to develop analytical, synthetic and logical thinking of
students, as we know, is the teaching of mathematics, its various sections – geometry, algebra,
mathematical analysis, probability theory, computational mathematics, discrete mathematics,
real variable function theory and others [10,11].

A special place among such sections is occupied by probability theory, its connections with
the theory of measure, geometry, mathematical analysis, computational mathematics. Teaching
the basics of probability theory to students at school and future teachers at the Pedagogical
University is an important basis for the formation of their professional awareness and professional
culture [12].
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3. Results
Consider some examples of the use of software GRAN1 (see [4, 10, 13]) to solve problems in
probability theory, in particular closely related to the corresponding problems in geometry and
mathematical analysis [14], relating to the calculation of probabilities of hitting some two-
dimensional sets for conditions of two-dimensional distribution of probabilities on the plane,
which are reduced to the calculation of double integrals on convex sets, and hence to the
calculation of the volumes of the corresponding spatial figures.

For an approximate calculation of the value of the double integral∫∫
G

f (x, y) dx dy,

where f (x, y)≥0 – integral function, G – convex two-dimensional set, divide the set G parallel
equidistant lines of view y=yi, i∈1,k, on separate strips, and for each yi define a(yi) – the
smallest value of the abscissa x on the straight y=yi such that the point (a (yi) , yi) is the inner
point of the set G, as well as b (yi) – the greatest value of the abscissa x on the straight y=yi
such that the point (b (yi) , yi) is the inner point of the set G, namely a(yi) – the leftmost point
in the area G on the straight y=yi, b (yi) – the rightmost point in the area G on the straight
y=yi. Value yi, by which points (a (yi) , yi), (b (yi) , yi) are not internal points of the set G, are
not included in the consideration. Next will present approximately (see [4])∫∫

G

f (x, y) dx dy,

through

k−1∑
i=1

h

b(yi)∫
a(yi)

(x, yi) dx+h·1
2

b(y0)∫
a(y0)

f (x, y0) dx+

b(yk)∫
a(yk)

f (x, yk) dx

 (1)

or what is the same, by the formula

k∑
i=1

h·1
2

b(yi)∫
a(yi)

f (x, yi−1)dx+

b(yi)∫
a(yi)

f (x, yi)dx

 (2)

where y=y0 – the lowest line, that touches the set G,
y=yk – the highest line that touches the set G,
h=yi−yi−1 – the width of the strip between the lines y=yi and y=yi−1. Note that in the

general case, the bands between the lines y=yi and y=yi−1, i∈1,k, may not be the same width.
Then the appearance of the formula will change accordingly (1).

Let on the set Ω=
{

(x, y) |x2+y2 ≤22
}

the probability distribution is set due to the density
of the probability distribution

f (x, y) =

{
3
8π

(
2−
√
x2+y2

)
, when (x, y)∈Ω,

0, when (x, y)∈Ω.

In geometric interpretation through the specified function f (x, y) describes a straight circular
cone with a radius of the base R = 2 and height h= 6

8π (see figure 1). It is easy to see the volume of

such a cone V=1
3πR

2h=1
3π·4·

6
8π=4π

3 ·
6
8π= 1, namely in relation to the specified function f (x, y)

all properties of the density distribution are satisfied (see [15]):
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1) f (x, y)≥0;

2)
∫∫

R2 f (x, y) dx dy= 1.

As is known, in geometric interpretation in case of f (x, y)≥0∫∫
G

f (x, y) dx dy,

is the volume of the body below the surface z=f(x, y) over the area G.
Let for a given probability distribution with density

f (x, y) =

{
3
8π

(
2−
√
x2+y2

)
, when x2+y2≤22,

0, when x2+y2>22,

need to calculate the probability of getting into the square

G= [−1;1]× [−1;1] = {(x, y) |x∈ [−1;1] , y∈[−1;1] .

In the geometric interpretation, this means that it is necessary to calculate the volume of the
body, which is obtained as the intersection of two spatial figures – the specified straight circular
cone and a straight parallelepiped with a base G= [−1;1]× [−1;1] and a height not less than the
height of the cone. Note that in this case, the intersection of figures means the set of points that
are the internal points of both one figure and another (reciprocally to the intersection of sets of
points).

In other words, you need to calculate the volume of the body below the surface of the cone
above the square G=[−1;1]×[−1;1], that is, inside the specified parallelepiped (see figure 1).

For an approximate calculation of the probability of hitting a given square G= [−1;1]× [−1;1]
at a given density f (x, y) probability distribution on the set Ω=

{
(x, y) |x2 + y2 ≤22

)
. first

calculate the probability of hitting the area G∅ = [0; 1]× [0; 1] (see figure 2) at the same density
f (x, y) probability distribution.

Given formula (1), we choose the step of changing the variable yi equal h= 0.1, and instead
of a variable yi enter a dynamic parameter p1, which we will change from the value p1 = 0
through the step h= 0.1 to value p1 = 1.0 and for each parameter value so determined p1 we
will calculate the integrals

1∫
0

(
2−
√
x2+p12

)
dx,

using the relevant services of the program GRAN1 (see figure 3).
As a result, we obtain a table of values of the corresponding integrals (see table 1).
Calculating the sum of the values of the integral thus found and subtracting from it the

values multiplied by 0.5 values obtained at p1 = 0 and by p1 = 1.0 (see formula (1)), and in
addition, multiplying the obtained result on the constant 3

8π and gave on 0.1, we will receive
P (G∅) = 0.1473.

Thus P (G) = 4P (G∅) = 0.5892.
Note that for the calculation of the new value of the integral and for the new value of the

parameter p1 there is no need to enter the expression of the sub integral function and the limits
of integration each time. After increasing the value of the parameter p1 on the step h the limits
of integration and the expression of the sub integral function change automatically and then the
corresponding value of the integral is calculated.
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Calculating P (G1
⋃
G1

′ ⋃
G1

′′
), where

G1
⋃
G1

′⋃
G1

′′
=
{

(x, y) |x∈ [1;2] , y∈ [0;1] , x2+y2≤22} ,
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Table 1. The value of the corresponding integrals.

p1
∫ 1
0

(
2−

√
x2 + p12

)
dx

0 1.5
0.1 1.483
0.2 1.444
0.3 1.392
0.4 1.33
0.5 1.261
0.6 1.186
0.7 1.107
0.8 1.024
0.9 0.9394
1.0 0,8522

we obtain a table of values of the corresponding integrals (see table 2).
Calculating, as before, the sum of all values found and then subtracting half the sum of the

two extreme values (see formula (1)) and multiplying the amount thus obtained first by the

constant 3
8π , and then on h= 0.1, we will receive P

(
G1
⋃
G1

′ ⋃
G1

′′
)

= 0.04753.

Quite similar in relation P (G2
⋃
G2

′ ⋃
G2

′′ ⋃
G3
⋃
G3

′
), where

G2
⋃
G2

′⋃
G2

′′⋃
G3
⋃
G3

′
=
{

(x, y)
∣∣∣ x∈ [0;

√
3
]
, y∈ [1;2] , x2+y2≤22

}
,
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Table 2. The value of the corresponding integrals.

p1
∫√4−p12
1

(
2−

√
x2 + p12

)
dx

0 0.5
0.1 0.4965
0.2 0.4863
0.3 0.4694
0.4 0.4465
0.5 0.418
0.6 0.3848
0.7 0.3475
0.8 0.3072
0.9 0.2648
1.0 0.2214

we will receive table of values of the corresponding integrals (see table 3).

Table 3. The value of the corresponding integrals.

p1
∫√4−p12
0

(
2−

√
x2 + p12

)
dx

1.0 1.074
1.1 0.9413
1.2 0.809
1.3 0.6782
1.4 0.5506
1.5 0.4281
1.6 0.3128
1.7 0.2073
1.8 0.115
1.9 0.04142
2.0 0

Calculating the sum of all values found and then subtracting half the sum of the two extreme
values and multiplying the result first by 3

8π and then on 0.1, we will receive

P
(
G2
⋃
G2

′⋃
G2

′′⋃
G3
⋃
G3

′
)

= 0.05502.

Folding the obtained probability values P (G∅), P
(
G1
⋃
G1

′ ⋃
G1

′′
)

,

P
(
G2
⋃
G2

′ ⋃
G2

′′ ⋃
G3
⋃
G3

′
)

, we will receive

0.1473 + 0.04753 + 0.05502 = 0.2499,
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that is, the probability of getting into the set
{

(x, y)
∣∣ x≥0, y≥0, x2+y2≤22

}
(the upper right

quarter of the circle) is approximately equal to 0.2499≈0.25, which indicates a fairly high
accuracy of the calculations.

Obviously, in the considered case

P
(
G2
⋃
G2

′⋃
G2

′′
)

=P
(
G1
⋃
G1

′⋃
G1

′′
)

= 0.04753,

whence

P
(
G3
⋃
G3

′
)

=P
(
G2
⋃
G2

′⋃
G2

′′⋃
G3
⋃
G3

′
)
−P

(
G2
⋃
G2

′⋃
G2

′′
)

=

= 0.05502− 0.04753 = 0.00749.

Because G3 =
{

(x, y)
∣∣ x∈ [1;

√
3
]
, y∈

[
1;
√

3
]
, x+y≤1+

√
3
}

, then calculating as before,
P (G3), we get (see table 4).

Table 4. The value of the corresponding integrals.

p1
∫ 1+

√
3−p1

1

(
2−

√
x2 + p12

)
dx

1.0 0.2214
1.1 0.1775
1.2 0.1343
1.3 0.094
1.4 0.05862
1.5 0.03007
1.6 0.01019
1.7 0.0006251
1.732 0.0000

And further, given formula (1) or (2), we find P (G3) = 0.007353, whereof

P
(
G3

′
)

=P
(
G3
⋃
G3

′
)
−P (G3) = 0.00749− 0.007353 = 0.000137.

Concerning P (G1), where G1 =
{

(x, y)
∣∣ x∈ [1;

√
3
]
, y∈ [0;1]

}
, we receive (see table 5).

Calculating the sum of all values found and subtracting half the sum of the two extreme
values (see formula (1)), multiply the result by the constant 3

8π , and then on 0.1.
As a result, we get P (G1) = 0.04525, whence

P
(
G1

′⋃
G1

′′
)

=P
(
G1
⋃
G1

′⋃
G1

′′
)
−P (G1) = 0.04753− 0.04525 = 0.00228.

Concerning P
(
G1

′
)

, where

G1
′
=
{

(x, y)
∣∣∣ x∈ [√3;2

]
, y∈ [0;1] , x+y(2−

√
3)≤2

}
,

similarly, to the previous, we receive (see table 6).
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Table 5. The value of the corresponding integrals.

p1
∫ √3
1

(
2−

√
x2 + p12

)
dx

0 0.4641
0.1 0.4614
0.2 0.4532
0.3 0.4317
0.4 0.4212
0.5 0.3978
0.6 0.3701
0.7 0.3382
0.8 0.3025
0.9 0.2635
1.0 0.2214

Table 6. The value of the corresponding integrals.

p1
∫ 2+p1(

√
3−2)√

3

(
2−

√
x2 + p12

)
dx

0 0.0359
0.1 0.03489
0.2 0.03214
0.3 0.02807
0.4 0.02314
0.5 0.01778
0.6 0.01246
0.7 0.007597
0.8 0.003631
0.9 0.0009693
1.0 0.0000. . .

P
(
G1

′
)

= 0.002132, whence

P
(
G1

′′
)

=P
(
G1

′⋃
G1

′′
)
−P

(
G1

′
)

= 0.00228− 0.002132 = 0.000148.

Given the symmetry G2′ and G2′′ with respect to G1′ and G1′′ relative to the bisector of
each coordinate angle, we get:

P
(
G2

′
)

=P
(
G1

′
)

= 0.002132,

P
(
G2

′′
)

=P
(
G1

′′
)

= 0.000148.

Taking into account the symmetry with respect to the coordinate axes and with respect to
the bisectors of the first and second coordinate angles, it is possible to calculate the probabilities
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of hitting any subsets of the set under consideration.

Ω=
{

(x;y) |x2+y2 =22 },

composed of an arbitrary set of subsets G∅, G1, G1′, G1′′, G2, G2′, G2′′, G3, G3′, and their
symmetric mappings with respect to the coordinate axes or bisectors of the second coordinate
angle, at a given probability density.

Recall that together with the calculation of the probabilities of getting into different two-
dimensional subsets of a two-dimensional set Ω in geometric interpretation the volumes of spatial
bodies which surfaces are described through the set functions of a kind are calculated z=f(x, y),
where f(x, y) an essential function, by which describes the density probability distribution on
the set Ω.

Similarly, calculated probability of falling in convex sets on the plane with a normal two-
dimensional probability distribution with the scattering center at a point (0, 0) and dispersions
along the axes Ox and Oy equal D1=

1
2 , D2=

1
2 , the density of which is given in the form

f (x, y) = 1
πe
−(x2+y2) , (x, y)∈R2, example∫∫

G

f (x, y) dx dy,

where G=
{

(x, y)
∣∣∣ (x−1)2+y2≤1

}
, G= {(x, y) | |x+y| ≤1, |x−y| ≤1} etc.

4. Conclusions
Analyzing the above, we can conclude that the use of modern information and communication
technologies, in particular the program GRAN1, is possible during conducting mathematics
lessons, and the choice of means depends not only on the technical support of the educational
process in a particular educational institution, but also on the level of teacher and student
training to the use of information and communication technologies. The presence of an
Internet connection in the educational institution makes it possible, through the use of cloud
technologies, to provide the educational process with freely distributable software, including
software Services from the package GRAN (which include GRAN1, GRAN2D, GRAN3D) with
observance compliance with licensing agreements under applicable law.
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Abstract. The issue of searching for new methodological approaches to the systematization
that will encourage the increase of students motivation to learn mathematics under the
competency-based approach is considered in this article. The research analyzes the existing
works on the increase in students motivation to learn Mathematics, in particular, the use of
cross-curricular connections while forming students competency. Competency-based problems,
systematized according to the topic of the 10th grade Functions, their features and graphics, were
determined as the tools to measure students competency and a method to form their motivation
to learn mathematics. The use of such methods as the initial research and information gathering,
systematization and structural analysis of the problems, data processing allowed the authors of
the article to systematize the problems for school subjects of the 10th grade that demonstrate
cross-curricular connections of Mathematics with other learning subjects and allow showing the
advantages of the mathematical modeling in researching real processes. The research shows
the realization of cross-curricular connections in time and such connections as parallel learning,
perspective connections, use of the mathematical modeling method are shown. An experiment
was held in order to prove the efficiency of implementing a system of the problems to demonstrate
the use of the function in different tasks of natural subjects. The results proved that the
implemented system of problems considerably influences the increase in students motivation to
learn mathematics.

1. Introduction
According to the methodological recommendations on developing the components of the state
standard for basic and complete general secondary education based on the competency-based
approach, the objective to form, develop and improve the complex of the students competencies
during the education arises for the system of secondary education. For subject teachers, the
transfer to the competency-based approach means improving the system of problems to increase
students motivation according to the requirements of learning programs for students of general
secondary schools. Mathematics is not an exception, that following the competency-based
approach, also implies the research of new methodological approaches and systematization of
problems that will encourage the increase of students motivation to learn mathematics. Thats



ICon-MaSTEd 2021
Journal of Physics: Conference Series 1946 (2021) 012003

IOP Publishing
doi:10.1088/1742-6596/1946/1/012003

2

why learning Mathematics should contribute to forming students’ key competencies among which
there are mathematics competency and main competencies of natural sciences and technologies.
One of such approaches is the demonstration of a constant connection between Mathematics
and other natural sciences to the students. In order to ensure it, the learning programs
include the determination of cross-cutting lines of the key competencies: Environmental security
and traditional development, Civil responsibility, Health and security, Entrepreneurship and
financial literacy that are focused on forming an ability to use knowledge and skills in real-life
situations among students. Thus, while learning Mathematics a need to select and systematize
the problems that allow demonstrating the use of Mathematics in other subjects to the students,
which will increase their motivation to learn Mathematics, becomes quite urgent.

2. Literature review
The introduction of Mathematics to the compulsory subjects of external testing did not solve the
problem of improving students motivation to learn mathematics. The question of searching for
ways and approaches to overcome students fear and their difficulties during learning this subject
has always interested scientists (Posamentier [1], Abramovich, Grinshpan and Milligan [2],
Hernandez-Martinez and Vos [3], Langoban and Tan [4], Williams and Williams [5], Cody [6],
Vlasenko et al. [7, 8], and others). For instance, Posamentier [1] distinguishes external and
internal motivations. In the internal students motivation during learning Mathematics the
scientist sees students understanding why they need to learn mathematics, where this knowledge
can be used. The scientist also determines nine methods of improving students motivation to
learn mathematics, one of which is the demonstration of the benefits to learn mathematical
terms. The researchers Abramovich, Grinshpan, Milligan [2], Lovianova et al. [9] emphasize
that Mathematics significantly developed and entered all life areas. Considering Mathematics
as a necessary subject, scientists indicate the power of mathematical modeling that should serve
as motivation to develop students competencies [10,11]. Hernandez-Martinez and Vos [3] agree
with this idea and say that students motivation can be increased through the demonstration
of using Mathematics in the real world. Langoban and Tan [4], Vlasenko et al. [12] believe
that the efficiency of teaching Mathematics will increase if students are motivated through
the demonstration of the efficiency of using Mathematics in practice. K. C. Williams and
C. C. Williams [5] define five components of students motivation to learn mathematics: a student,
a teacher, content, method, and environment, and emphasize that mathematical problem have
a particular learning content and allow forming and developing internal motivation of students
learning activity. Cody [6] sees the increase of students motivation to learn Mathematics through
learning activity that is ensured while solving mathematical problems systematized according
to a particular approach.

Aimed at increasing students motivation to learn mathematics, we chose an approach the
implementation of which requires: 1) arrangement of learning programs in natural subjects in
order to enable giving learning material where the use of mathematical concepts is described
in parallel; 2) the realization of perspective cross-curricular connections of Mathematics with
other learning subjects on condition that it is impossible to provide the material in parallel. The
mentioned approach will encourage students understanding of how to use the acquired knowledge
in Mathematics in other subjects ensuring both the formation of mathematics modeling skill and
increase of student’s motivation to learn. While choosing an approach it was also considered that
the motivation is internal if it corresponds to the aim of the students activity. The conditions
of learning activity, under which learning the content of the subject will be both the motivation
and aim, are ensured. It is taken into account that internal motivations are connected with
the students cognitive need, their satisfaction that is obtained during the learning period, and
as a result, the dominance of internal motivation is characterized by the display of students
involvement in the learning activity.
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In order to ensure this approach several problems should be systematized. According to
Ghanbari [13], Feng, Lu, and Yao [14], Jacome [15] competency-based problems have the greatest
potential in this area. In this case, the problems that simulate the actual problems that arise
while learning other subjects become the subject of the students learning activity. Niss and
Bruder [16], Cai and Hwang [17], Vlasenko et al. [18] propose to consider competency-based
problems as specially designed tasks aimed at forming a dynamic combination of knowledge
and practical skills, ways of thinking, professional and philosophical qualities that allow to
successfully carry out further educational and professional activities. Scientists believe that the
tasks of the scientific type can be related to such types of problems.

Considering that one of the main content areas of the course Mathematics in high school is
the functional area, the article is aimed at the systematization of competency-based problems
following the topic of the 10th grade Functions, their features and graphics. Also, the increase
in students motivation to learn Mathematics through the demonstration of the tight connection
between Mathematics and other learning subjects is proven.

3. Methods
While choosing the problems that will be included in the system, it was considered that the
key message of the topic Functions, their features and graphics should be the modeling of
real processes using functions. Since working with diagrams, pictures, graphics is one of the
spread types of a persons practical activity, the main objectives of learning a topic include the
development of students graphic culture. First of all, it is about reading graphics, in other
words, setting the features of some function using its graphics. So, while choosing the system of
problems for the 10th grade aimed at revealing cross-curricular connections on the example of
the topic: Functions, their features ad graphics with other subjects, the following methods were
used:

• primary research and data gathering: analysis of textbooks on different subjects of the 10th
grade [19–27]; analysis of mathematics textbooks of the 10th grade [28–32];

• systematization and structural analysis: selected problems on different subjects, the priority
was given to competency-based problems;

• data processing: the essence of mathematical modeling to show the use of functions in
problems for different learning subjects of the school course was used.

Based on such research methods, the problems for learning subjects of the 10th grade
were systematized: physics, economics, chemistry, biology, information technologies, art,
environment, geography, civil education, law, homeland defense, history of Ukraine that require
the use of students knowledge on the topic Functions, their features and graphics. Lets look at
the examples of the problems concerning the developed system (table 1).
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Table 1. Problems where students use their knowledge on the topic Functions, their features
and graphics.

Subject Topic Problem

Economics. Mar-
ket structure:
characteristics of
different markets.
Capital market.
Buyers and sellers
of credit resources
What influences
demand and offer
in the capital
market

It is known that the demand for bricklayers
is described by the function LD = 160.06W ,
where W is a day salary. One bricklayer is
ready to work for no less than 200 UAH/day;
two bricklayers are ready to start working for no
less than 150 UAH, three bricklayers – no less
than 100 UAH, and two others – no less than 120
UAH. Build the demand and offer curve in the
bricklayers market. Characterize the balance
and its change if housing construction is getting
active [19, p. 181].

Biology. Biodiver-
sity. Prokaryotic
organism: bacteria

Bacteria reproduction. Consider the situation
when one prokaryotic cell is found in optimal
conditions and reproduce without any obstacles.
How many cells will be in a model population in
ten generations if the cell division takes place
every 20 min? Fill in the table and build the
graphics of population growth (at the horizontal
axis – time, at the vertical axis – cell number).
Write the mathematical equation that reflects
the pattern of population growth [20, p. 44].

0 20 40 60 80 100 120 140

Time, min
Number of
bacteria

Environment.
Technogenesis
and economics.
Technogenesis –
technical progress,
economic growth

The graphics of structure change in con-
suming fuel and energy resources in the
world in the 20th century are represented in
the figure 1. Make a conclusion [21, p. 56].

Figure 1. The graphics of structure change
in consuming fuel and energy resources in the
world in the XXth century.
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Civil education.
Interaction be-
tween citizens and
the state in order
to achieve public
welfare Demand
and offer, market
price, competition

Using the table, show the curve of offer and
demand. Determine the balanced price for
bicycle, and also its surplus and deficit. Fill in
the blank cells of the table [24, p. 188].

Price,
UAH

Demand,
item

Offer,
item

Surplus
of the
offer in
com-
parison
to the
demand,
item

Type
of the
market
situation:
(S – sur-
plus, D
– deficit,
E –
equality)

3500 0 130
3000 12 122
2400 27 108
2000 38 97
1650 50 85
1300 66 70
1150 60 60
1000 88 56
750 120 42

Chemistry. Carbo-
hydrate. Alkanes:
physical and chem-
ical characteristics.

Analyze the graphics in the figure 4. Accord-
ing to the melting and boiling temperature,
determine the intervals where the data for
gas, liquid, and solid alkanes are given.
Melting temperature (line A), boiling tempera-
ture (line B) of normal alkanes [25, p. 40, 47].

Figure 4. Analysis graphs.




