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Abstract. The article is devoted to the substantiation of approaches to the
effective use of advantages and minimization of disadvantages and losses of
e-learning as a mean of forming mathematical competence of students in the
conditions of research-oriented educational process. As a result of the
ascertaining experiment, e-learning has certain disadvantages besides its obvious
advantages (adaptability, possibility of individualization, absence of
geographical barriers, ensuring social equality, unlimited number of listeners,
etc.). However, the nature of these drawbacks lies not as much in the plane of
opportunity itself as in the ability to use them effectively. On the example of the
e-learning course (ELC) “Mathematical Analysis” (Calculus) of Borys
Grinchenko Kyiv University, which is developed on the basis of the Moodle
platform, didactic and methodical approaches to content preparation and
organization of activities in the ELC in mathematics are offered. Given the
specifics of mathematics as a discipline, the possibility of using ELCs to support
the traditional learning process with full-time learning is revealed, introducing a
partially mixed (combined) model. It is emphasized that effective formation of
mathematical competence of students by means of e-learning is possible only in
the conditions of research-oriented educational environment with active and
concerned participation of students and partnership interaction. The prospect of
further research in the analysis of e-learning opportunities for the formation of
students’ mathematical competence, in particular, research and investigation
tools, and the development of recommendations for the advanced training
programs of teachers of mathematical disciplines of universities are outlined.

Keywords: e-learning, e-learning course, mathematical competence, research-
oriented learning.

1 Introduction

Today’s innovative society needs professionals of a new type who are able to act
responsibly, actively and productively in the face of dynamic change, with a high
degree of interdisciplinarity and adaptability, ready to learn quickly and effectively.
This is why the EU Council and the European Parliament, as one of the key

Copyright © 2020 for this paper by its authors. Use permitted under Creative Commons License
Attribution 4.0 International (CC BY 4.0).
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competences for lifelong learning, define mathematical competence as the ability to
develop and apply mathematical thinking to solve problems in different situations and
contexts, the willingness to trace cause and effect relationships, the ability to make and
evaluate arguments, prove [1]. At the same time, the problems of our day require the
specialists of mathematical competence not only in the above, general understanding,
but also at the subject level, which is caused by the intensive development of the
mathematical science itself, as well as the penetration of mathematics, its methods into
other, non-mathematical, spheres. Training of such a specialist is possible only in the
conditions of research-oriented teaching of mathematics (in particular inquiry-based
learning), with active and concerned student’s participation and partnership interaction.
Obligatory components of such training are: asking questions, identifying problems,
finding ways of solving, investigating, discussing, thinking about alternatives,
rethinking and evaluating the result.

Recently, the effectiveness of mathematical training has been linked to the intensity
of the implementation of various forms, methods and tools of e-learning in the
educational process. Distance learning is a solid part of university education due to its
advantages, including, among others, technological adaptability, the possibility of
individualization (own pace and educational trajectory), lack of geographical barriers,
ensuring social equality (access to training for persons with special needs, for example),
unlimited number of listeners, etc. [18]

In modern scientific researches theoretical and methodological foundations of
informatization of education have been revealed (Viacheslav V. Osadchyi [13], Liubov
F. Panchenko [7], Serhiy O. Semerikov [6], Aleksander V. Spivakovsky [11],
Vladyslav Ye. Velychko [2] etc.). The aforementioned scientific reconnaissance
outlines the actual problems of the essential characteristics of informatization of
education, components and structure of methodical systems of open education,
information technologies of training, psychological and pedagogical substantiation of
the nature of electronic educational resources [4], valeological aspects of the use of
ICT, readiness of teachers and students to work in the system of open learning [9].

As practice shows, one of the most widespread innovative means of teaching
mathematics is e-learning courses (ELCs) — complexes of educational-methodical
materials created for the organization of individual and group study by students of
mathematical disciplines using technologies of distance learning.

The use of ELC:s in the study of mathematical disciplines has become the subject of
research by a number of scholars. Thus, Andrii O. Vorokh [17] researched the structure
of an e-learning course in descriptive geometry, Oksana V. Zaika [19] presented an
electronic educational and methodological support for the course of projective
geometry. Serhii A. Rakov [8] explored the process of forming mathematical
competences of a mathematics teacher on the ground of a research approach in teaching
using information technologies, etc.

Also noteworthy are the works [14; 15] aimed at improving the quality of the
implementation of mathematical distance education using ELC. Thus, Oksana A.
Zhernovnykova [22] considered the psychological aspects of the implementation of
distance education technologies in the process of training future mathematics teachers,
Kateryna V. Vlasenko et al. [16] presents the characteristics common to online courses,
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principles of providing a functioning and physical placement of online systems in
webspace and make a conclusion about the expediency of promoting online courses,
the purpose of which is to get mathematics teachers acquainted with the technical
capabilities of creating educational content developed on Web 2.0 technology, Oksana
M. Hlushak et al. [3] revealed the theoretical and methodological bases of using e-
learning course “Analytical geometry” in the process of professional training of
bachelors in computer science, etc.

There is a rich foreign practice of distance and blended higher mathematics teaching
with the use of various packages and different platforms, a detailed review of which
was given by Nataliia M. Kiianovska et al. [5]. Interesting and useful in the context of
our research is the experience of the Latvian University of Agriculture on the
organization of e-learning mathematics for students of engineering specialties. Didactic
approaches to the construction of e-courses on the Moodle platform, grounded and
tested by the academic staff of this university, allow to strengthen the practical
orientation and professional direction of mathematical learning courses, which
positively affects the quality of students’ mathematical preparation to the future
professional activity [21].

Most researchers consider the use of ELCs to improve the quality of students’
mathematical training and the formation of their mathematical competence. At the same
time, many years of experience in the use of the ELC also allow us to highlight a
specific problem area related to various methodological, didactic, ethical,
psychological and other aspects of e-learning.

2 The objective of research

The aim of the article is substantiation of approaches to the effective use of the
advantages and minimize the disadvantages and losses of e-learning as a mean of
forming the mathematical competence of students in the context of a research-oriented
educational process.

3 Research methodology

The achievement of the goal of the research was facilitated by the use of a set of
appropriate methods: analysis of scientific literature in order to establish the state of
elaboration of the problem under study, determination of the categorical and conceptual
apparatus of the research; synthesis, generalization, systematization for theoretical
substantiation of approaches to minimizing the disadvantages of e-learning as a mean
of forming students’ mathematical competence; empirical: diagnostic (talk, survey,
testing) to track the dynamics of e-learning implementation; ascertaining experiment to
prove the advantages and disadvantages of e-learning as a mean of forming students’
mathematical competence; mathematical methods (Pearson’s) for assessing students’
perceptions of e-learning courses.

The research was carried out within the framework of the “Partnership for Teaching
and Teaching Mathematics at the University” (PLATINUM) program of the EU
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Erasmus + KA203 — Strategic Partnership for Higher Education, 2018-1-NOO1-
KA203-038887 and corresponds to the complex scientific theme of the Department of
Computer Science and of Mathematics of Borys Grinchenko Kyiv University
“Theoretical and practical aspects of the use of mathematical methods and information
technologies in education and science”, DR No 0116U004625. The experimental base
of the research is the Faculty of Information Technology and Management of Borys
Grinchenko Kyiv University.

4 Results and discussion

The guideline in our research is the Regulation on the ELC in the Borys Grinchenko
Kyiv University [10]. This provision sets out the basic requirements for the ELCs, the
compliance of which should contribute to the achievement of the learning outcomes
declared in the work program of the discipline. These include:

— structured teaching materials;

— adherence to the logical sequence of study of the discipline;

— a clear timetable for the implementation of the curriculum;

— system of interactive interaction between teacher and student, students among
themselves;

— high quality of the offered educational materials, resources;

— system of control and evaluation of all types of student’s educational activity.

In Fig. 1 a fragment of the title page of the ELC for mathematical analysis is shown.

Curriculum module 2. Derivative and its application

The main concept of differential calculus is the derivative of the function. What is a
derivative? How (and what for!) does one calculate it? How does the denvative help to solve
problems, and what are these problems?

You will find the answers to these and some other questions in the process of studying the
topics of this content module

Map to the curriculum module 2

= Disc
Topic 5. Derivative and differential function

ussion of the problem
of one variable
W=l Leave your feedback
Leaming outcomes (competences) on topic 5
Theoretical educational material (lectures 10-13)
SEl Lecture 10. Derivative and differential
Practical lessons Ne 9-13

= PL 9. The concept of derivative. Problems from different fields that lead to the
concept of derivative

Tasks for self-study work
= Tasks for SW for Topic 5

Fig. 1. Fragment of the cover page of the ELC “Mathematical Analysis”
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This fragment illustrates the structure of teaching and didactic materials, in particular, the
curriculum module “Derivative and its application”. Here is a brief motivational appeal
to students, a map (diagram) of the module, a forum “Discuss the problem”, outlined the
structure of the first topic of this module “Derivative and differential function of one
variable”, consisting of four lectures and five practical sessions. Independent work
assignments are also suggested, and the learning outcomes to be achieved as a result of
learning of the topic are determined. It is worth noting that ELC was created in Ukrainian,
and a part of the course was translated into English for the article.

To find out the real state of implementation of ELC in the educational process and
their usefulness for forming mathematical competence of students, we conducted an
ascertaining experiment during March — May 2019. The basis of the experiment was
the Faculty of Information Technology and Management of Borys Grinchenko Kyiv
University (BGKU). A total of 155 Mathematics, Computer Science, Finance, Banking
and Insurance students and Management students took part in the survey. In addition,
25 teachers were involved in the experiment as experts.

A benchmark for the student survey was taken “The Perception Questionnaire” ELC
in higher mathematics in the Moodle system, conducted at University Kebangsaan in
Malaysia [20]. “The Perception Questionnaire” contained 20 indicators grouped into 4
groups: a) Usefulness; b) Computer Self-Efficacy; c) Simplicity; d) General Attitude.
Rating scale — four-point (from 1 to 4); the higher the score, the more positive the
perception.

Our students were asked to evaluate the ELC generally on the same four scores and
on the same four-point scale. The results of the questionnaire are shown in the Table 1.

Table 1. Results of a survey of students’ perceptions of ELC

Rating Rating

No Indicator students | students
BGKU | Malaysia
1. |Usefulness of ELC (how much it helps me in learning, makes| 2.09 3.76

learning more effective, improves success; enhances material
understanding, facilitates material perception, and alike)

2. |Computer Self-Efficacy (whether there is access to the content, can|  3.26 3.48
I use all the elements and resources of the ELC without further
explanation, or can I fix the problems on my own if they arise
during the use of the ELC)

3. |Simplicity in use (whether there is a convenient interface, whether|  3.02 3.38
it's easy to communicate with the teacher, students, report on tasks,
ask questions, etc.)

4. |General Attitude (how do they find using the ELC: interesting,| 2.84 3.71
exciting to learn in such a way, other positive emotional feelings
or not interesting, boring and other negative feelings)

We compared the statistics obtained using Pearson’s criteria y2. It is established that
for the number of degrees of freedom v = 1 the empirical value of the criterion
7.815, p < 0.05,
11.345, p < 0.07°
)(gmp < yZ., that is, in total, the differences between these distributions (the views of

Xomp = 2.424. The critical value of the criterion, xZ. ={
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Ukrainian and Malaysian students on the problem of using ELCs in the educational
process) are not statistically significant. At the same time, comparing the survey results
of our and Malaysian students clearly shows that the biggest differences are in assessing
the usefulness of the ELC and the overall emotional perception. This suggests that our
ELCs, for the most part, do not provide interactive learning and do not create positive
internal motivation for students, that is, they do not justify the philosophy of the Moodle
educational environment — the pedagogy of social constructivism, which involves
active, research-based learning in partnership interaction [12].

In addition, the survey revealed that the vast majority of students have the following
problems in studying mathematics disciplines using ELC:

— lack of (or limited) personal communication between the teacher and the student,
and stated interaction in theory is poorly implemented in practice;

— insufficient interest of students themselves, especially junior students, in mastering
mathematical knowledge independently due to poor mathematical preparation and
lack of general educational skills;

— the inability to practice the mathematical knowledge obtained with further
discussion of possible errors;

— health problems (such as vision defects) that prevent you from working at your
computer for a long time;

— most of the lectures of the ELC are presented in the form of boring textual
information with a minimal number of examples, graphics and videos, and without
any feedback.

Expert teachers also outline a number of problems in the use of ELC in teaching
mathematics:

— only in the teaching audience does the teacher feel how students understand the
material (by their questions, answers, emotions, etc.), which allows to make
corrective changes in the course of study (to emphasize the students on a certain
theoretical or practical aspect, to give additional explanations, to pay additional
explanations, certain subtleties of proof, etc.);

— students who are used to communicate in a virtual environment often have poorly
formed communication skills, which leads to seclusion, uncertainty, fear of
communication. Students lack experience in public speaking, discussion,
formulation, and finding answers to study tasks;

— the problem of identifying students’ personalities when performing tasks, for
example, tests, homework assignments, etc. is also relevant.

Teachers of mathematical subjects also point out the difficulties associated with the
creation of the ELC. In particular, the development of mathematical content (lectures,
assignments, test questions, glossary articles, etc.) requires a large number of formulas,
and Moodle does not support formula editor in Word; so, you have to save and paste
formulas or type in LaTeX. But formulas in the form of pictures are non-editable. In
addition, they require a large amount of memory, which significantly slows down the
download of training material when working with Moodle. And not everyone knows
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LaTeX. This circumstance also complicates communication in the ELC “student —
teacher”, “student — student”, in particular, the exchange of information containing
mathematical texts.

Without going into the technical issues of creating and working with the ELC
structural units in Moodle, we will focus on content preparation issues (filling lectures,
practical tasks, tests, etc.) and selecting activities to effectively take advantage of and
minimize the losses of computer learning compared to traditional.

As known, the didactic purpose of the lecture on mathematics is to introduce students
to the scientific problem, to reveal the main issues of the topic, to solve the problem,
justify the method, focusing on the most difficult (problematic, contradictory) points,
the possibility of applying theoretical knowledge, and preparing students for further
self-work. Properly organized lecture makes passive learning impossible.

Virtual lecture (in e-course) is deprived of this important factor — direct communication
of the lecturer with students, in which the lecturer has the opportunity to conduct a
“Socratic dialogue”, ask questions, prompt the listeners to answer and formulate
questions, oppose, stimulate imaginary experimentation, encourages and provokes
discussion, give students the opportunity to make mistakes “safely”, to choose their own
way, even if it is a dead end, to formulate hypotheses, to draw conclusions, and most
importantly — to be able to respond to answers, considerations, students’ questions in time,
to make necessary corrections in their explanations, if necessary, to improvise.

Let’s illustrate by examples of lectures of the author’s e-learning course on
mathematical analysis in Moodle environment [3] — how it is possible to compensate
the direct “live” communication of the lecturer with the students, implementing the
principle of interactivity, in the e-learning course.

It is suggested to use the “Book™ resource or the “Lesson” activity to create an e-
learning course in Moodle. The “Book” module allows the teacher to create multi-page
resources in book format, from chapters and subdivisions. Books can contain content
in the form of text, pictures or media files. However, a lecture in the “Book” format
does not stimulate the student to research and search activity, does not create conditions
for interactive interaction of the student with the teacher, but rather similar to a regular
paper book, which the student passively reads. Therefore, this resource is barely
suitable for lecture. It should be used to summarize a particular topic (concepts,
theorems, formulas, methods, etc.), or to create a reference book. It is best to use the
“Lesson” activity to design the lecture. The “Lesson” module not only provides some
theoretical material, but also predicting the student’s activity and feedback (interaction)
and the possibility of providing the student with the necessary assistance in the process
of its development.

To do this, at first, all lecture material should be broken down into short, meaningful
blocks; after each of them, ask questions (or tasks) to test understanding of the
theoretical material presented. Depending on the answer to the question (task), the
student goes to the next page (if the answer is correct) or (if the answer is incorrect)
goes back to the previous page; the commentary on his incorrect answer explains the
essence of the error or a hint or pointing to the relevant theoretical material whose
ignorance led to the error. In such a way, the teacher is able to monitor the entire process
of the student’s development of the lecture, providing the necessary assistance at each
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stage. The student will give a lecture to the end, if he will correctly answer all the
questions due to the course, that is, if he will actively work (analyze, compare, argue,
prove, ask questions, express hypotheses, etc.), and not just passively read the text.

Secondly, the presentation of the material (proof of the theorem, for example) should
be in the form of an imaginary dialogue (the author asks the question and answers
himself), so that the student has the feeling that he is thinking. While giving a lecture,
a student should see an example of a research-based way of knowing and learn from
this example to ask the question: Why? And what if ...? What are the restrictions? How
to find out? and so on (Fig. 2) Similarly, the presentation should be interspersed with
the objections (by the imaginary opponent) and the answers to those objections.

Method of integration by parts

You have memorized the formula for integrating by parts. Now, naturally, the following questions arise
Is any integral of the form j udv can be taken by parts?? And, if not any, then how to recognize

the one that is taken by parts?
How should you know which of the functions should be denoted by u?

The answers to these questions are below.

[ Previous ] [ Next ]

Fig. 2. A fragment of a lecture with questions

Thirdly. Just like in a real lecture, the course author does not rush to report the finished
fact, but encourages the student to experiment (real, using a certain resource, such as
Go-lab, GeoGebra or imaginary) and formulate a hypothesis, as well as describe (as if
he is conducting) this experiment either formulates a hypothesis or prompts the student
to do so (Fig. 3).

Lecture 1. Antiderivative and indefinite integral

The above example suggests a general conclusion: if the function F\(z) is antiderivative for the function f(z). Tthen F(z) + C
where C is an arbitrary constant, is also antiderivative for f(x) . This is easy to see: since F'(z) = f(z) because F(z) is initial for f(x)
then (F(z) + €)' = F'(z) + C" = f(z)

The question arises is there the antiderivative, variable part of which is different %1 for the function f(z) = a2, for example?

Try to find such antiderivative and express a hypothesis

1
) For the function z2 any antiderivative has the form %5 + €. where Cis an arbitrary constant, i e. any

two antiderivatives differ enly on the constant

. . L 3
For the function 2 there is an antiderivative, variable part of which is different from TT

Send

Fig. 3. Fragment of the lecture with the task of expressing a hypothesis
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Fourth. Remembering that on an e-lecture the teacher does not see the student and
cannot visually evaluate how closely he or she listens to and understands the material,
the ELC author should find an opportunity to encourage the reader to make a conscious
perception of the virtual lecture. For this purpose, one should ask from time to time
questions such as: “What follows from this condition?”, “What are these restrictions?”,
“Where is the condition of the theorem used?” etc. For example, after a fragment of a
lecture on mathematical analysis of integration by the method of substituting a variable,

where the integral f Va? — x2dx is calculated by substitution x = asint,t € [— g, g],

students are asked to indicate where the condition t € [—%,ﬂ is used in the above

considerations (Fig. 4).

Where (in what place) of these considerations is the condition

x x|
fE_ ?—:Jq

I Is not used anywhere, so this condition is odd in the problem

In order to express tthrough X from the formuia z asint, t must be changed on the interval
x x
213

In the transformation (**) when using the formula for the sine of a double argument

In the transformations (%) +/cos?t was replaced by cost, because for te| 3| (onthe right

o

semicircle) the cosine HeBLI'EMHIA | TOMY v/'cos’t = |cost]| = cost.

Fig. 4. A fragment of a lecture on the theme: “Integration methods” with a test task

Fifth. Preference is given to open-ended test tasks; when designing a test task, it is
necessary to program (predict) errors in order to be able to adjust the student’s
educational trajectory.

And finally, the language of presentation should not be a stationery book, but “live”,
personalized, close to direct communication during the face-to-face lecture.

Here is an example of a fragment of lecture 4: “The concept of the limit of the
numerical sequence” in the form of “live” dialogue, during which the student is induced
to an imaginary experiment and thus summed up the definition of a new (for the student)
concept:

“Previously, we have already formed on a sensory level the concept of convergent
sequence and the limit of sequence. So, observing the behavior of the sequence x,, = %

members, we notice that they accumulate around the point 0. Mathematicians say that
the specified sequence tends to 0 or that it has limit of 0.
Let’s try now to give a rigorous mathematical definition of this concept.
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What does “members of the sequence accumulate, thicken near the point” mean?
Obviously, they are approaching this point anyway close; that is, differ from this

number arbitrarily little. Well, let’s take, for example, the sequence of x, = % Its
members accumulate at zero. Let’s imagine that on a number line of the monitor the
flashlight lights up every second at a coordinate point x; = 1, x, = i, X3 =§ etc,
approaching, as was already mentioned, to point 0. We want to stop this movement. To
do this, lets surround the point 0 with barriers: + 1—10 Does this stop the members of the

sequence from closing to zero? Obviously not. Already on the eleventh second, the next
(eleventh) member of the sequence, followed by all the following, will overcome the
barrier (the flashlights will be lighting up one after the other on the left of our barrier,
ignorantly approaching zero).

What if point 0 is surrounded by new barriers: + 1—(1]0 ? Will we stop the movement

of the members of the sequence? Obviously not. Already the 101st member, followed
by all the following, will overcome our new barrier.

What if we are building these barriers not close enough around zero?

Not really. No matter how tight we surround the barrier point 0, we will not be able
to “protect” it from the “invasion” of the members of the sequence. Right?

Therefore, it is quite logical to have the following definition of the convergent
sequence.

Definition. It is said that the sequence x, “tends to” a or that number « is limit of sequence
x, if all the members of a sequence starting with some get in any circle of point a”.

Since mathematical competence means the ability to act, it is obvious that its
formation is possible only in the process of active search and research activities (and it
manifests itself in the actual behavior of the individual in a particular situation). An
organic and tested field for such activities is mathematical problems.

In the structure of mathematical disciplines, much of the study time is devoted to
practical classes, where, in particular, the ability and practical application of theoretical
knowledge are formed in the process of solving problems. Virtual (distance) training of
any practical skill is ineffective. Therefore, in our practice, we use ELC in the Moodle
system to support the traditional full-time learning process by implementing a partially
blended (combined) model.

However, the limited ability of the ELC to undertake a practical training can and
should be transformed into an advantage. The fact is that during practical class, there is
no time to think long about the task, and most non-reproductive tasks require slow
thinking. Therefore, in a practical auditorium class, it is advisable to unleash mainly
training exercises on the direct learning of concepts, theorems, standard problems, the
acquisition of certain mathematical methods and techniques. Non-standard tasks and
tasks for modeling real processes, creative tasks to find a solution, analysis, research of
the result, etc., which create favorable conditions for engaging higher levels of
cognitive processes, but require more time to solve, the same “slow thinking”, it is
better to offer for work outside the auditorium. A productive idea, the right or optimal
solution, is most often born of discussion, debate. And the platform for such
communication in the ELC is forum and chat.
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Mathematical solving of applied problems inevitably raises the problem of
adequately understanding of the content of a real problem to translate it into a
mathematical language and then interpreting the mathematical result in the context of
a real problem. A glossary auto-linking filter, created by a mathematics teacher in
conjunction with a particular subject teacher or practitioner, helps solve this problem
effectively. The idea is borrowed from [21]. The glossary contains terms, laws,
descriptions of processes, etc. of a specific discipline or industry that may not be known
or misinterpreted by mathematics students, as well as students of other specialties,
because they study higher mathematics in junior courses and do not yet have sufficient
knowledge in their subject industry.

Another type of activity that can be used effectively for students to accomplish
specific tasks is to work on collaborative projects is the wiki. Wiki allows participants
to add and edit a set of web pages, both editable by all members and modified only by
their wiki. The history of previous versions of each page in the wiki is saved with a list
of changes made by each participant. And it is very convenient, because it allows the
teacher to track the trajectory of each student in the process of completing the task and,
if necessary, to respond in a timely manner. Examples of the use of wiki in the ELC are
students’ creation of short notes, directories of theoretical material in preparation for
practical classes (Figs. 5, 6) and the implementation of a collective project for the
development of dynamic models to problems of projective geometry in the GeoGebra
system [2; 1].

The most important thing about real numbers

This is a task for the whole group.
Dear students!

I would like to ask you to create a short synopsis on the topic "Set of real numbers'™:
basic concepts, formulas, illustrative examples and counterexamples

Good luck to youl

Wiew Edit Comments History Map Files Administration

The list of a group

Anna Open
BikTopiA MNycesa
Mapia Yaminosa
Muxadno Ky4ma
Tetana Macno

HomiA MHCbKO

Fig. 5. A task for a group of students to create a short note on the topic “Set of real numbers”
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In fig. 6, in particular, we see two versions of the wiki page about rational numbers,
created by student A. O. The first version (where three different interpretations of the
rational number are given, fig. 6a), she complements the definition of the set of rational
numbers (second version, fig. 6b).

Bepcia 1 Nepamas Bigsozums .
Anna Muxonaieda Open

4 Cictober 2018, 12:47 PM

Lo Take paWioHaneHe wacno ?

1. PawjoHansHe ymeno - ue uine abo apoboee umeno .

2. PawoHansHe Yucno - Ue 3sudainni gpio .

3. PaljoHaneHe YUEne - Ue CKIHYeRHWA 300 HeCcKIHYeHHWA NepioaMYHUi JECATKOBMA ApID .

(a)
. M ) — BEFCiH 2 Nepemag
Atk 0
Anna flukonalgna Lipen 4 October 2015, 12.55 P
Wo Taxe pauioHankHe yucno 7
1. PaujoHaneHe uicno - ue yine abo apobose yueno .
2. PayioHankHe uvcno - Ug 3eMYaiHWA gpib .
3. PaujoHankHe uicno - Ue CHIHYeHHNA 300 HeCKIHUEHHMA NEpIoaMYHIMA DeCATKOEMA Opib .
Lo Take MHONMHA palioHaNsHKX Yucen 7
PauioHaneHi wwcna ( noanad. Q ) - ue eci uini, eci gpoboel yucna abo uge - BLi CKIHYeHHI T3
HECKIHYEHHI NepIogVuUKI OSCATKOE Apobn.
(b)

Fig. 6. History of creation of a Wiki by the student A. O.

An important element of any training is the diagnosis and monitoring of results. Since
e-learning is dominated by automated proficiency testing, testing is the most common
form of assessment and evaluation. With quick feedback, the test can be an important
tool for students to evaluate their own performance and help them become more
successful. Properly selected test provides the necessary information for the teacher on
the degree of mastering the educational material by students.

The effectiveness of knowledge control by testing is determined by the quality of
the test tasks. Moodle has powerful tools for creating quizzes with different types of
questions. To assess the level of mathematical knowledge and the ability to apply it in
practice, which is an indispensable indicator of mathematical competence, the most
appropriate are tests of the open type, with a freely constructed answer (Fig. 7).

In test tasks with choices, there is a temptation simply to guess the answer. And,
even if you exclude guessing, there is a big difference between finding the right answer
and formulating it yourself. For example, if an open-ended problem proposes to find
the root of an equation, then the student will need to solve the equation; if the answer
to this problem is one of the correct ones, then the student can find it directly in the
equation. Obviously, in the second version, we will not have any information about
whether the student has methods of solving certain types of equations.
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. : ) L2
How many integer solutions does the inequality x - x- 6 =0 have?
In response, write the number, for example, 2. If there is an endless number

of integer solutions, write the number 100 in the answer.

Answer:

Fig. 7. Test of an open type

In addition, developing a test that meets the criteria of validity requires specific
expertise in the field of testology. And to a greater extent this applies to tests with closed
test questions. As a rule, the ELC author/teacher does not have such special knowledge.
Therefore, often a set of questions with the choice of one or more correct answers,
similar in appearance to the test, isn’t in fact a test and doesn’t give an adequate
information about the knowledge neither to the student nor to the teacher.

Finally, it should be remembered when designing test tasks, that the answer to any
reproductive question is easy to find in the Internet today. Therefore, it makes no sense
to ask such questions in control tests.

5 Conclusions

1. As aresult of the analysis of the scientific literature, it is found that the effectiveness
of forming mathematical competence of students is related to the intensity of
implementation of various forms, methods and means of e-learning in the
educational process. The conducted research also proves that e-learning, besides the
obvious advantages (adaptability, possibility of individualization, absence of
geographical barriers, ensuring social equality, unlimited number of listeners, etc.)
also has certain disadvantages. However, the nature of these shortcomings lies not
so much in the plane of opportunity itself as in the ability to use them effectively.

2. The results of the ascertaining experiment indicated students’ willingness to use ELC
— on the one hand, and low assessment of their usefulness, and not quite positive
general emotional perception — on the other. This leads to the assumption of poor
quality and, therefore, the inefficiency of the majority of ELCs, which do not provide
interactive learning and do not create positive internal motivation for students, i.e.
do not justify the philosophy of the educational environment Moodle — pedagogy of
social constructivism and active, research-oriented learning in partnership
interaction).

3. Considering that effective formation of students’ mathematical competence is
possible only in the conditions of research-oriented learning with active and
concerned student participation and partnership interaction, didactic and methodical
approaches to content preparation and organization of activities in ELC in
mathematics are proposed. Also, given the specifics of mathematics as a discipline,
it is proposed to use the ELC to support the traditional learning process with a full-
time form of education, introducing a partially mixed (combined) model.
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The prospect of further research is seen in a more detailed analysis of e-learning
opportunities for the formation of students’ mathematical competence, in particular,
research and development tools, and the development of recommendations for
advanced training programs for teachers of mathematical disciplines of universities.

Gratitude. The research findings of this article were conducted within the framework
of the “Partnership for Learning and Teaching in University Mathematics”
(PLATINUM) program of the EU Erasmus + KA203 — Strategic Partnership for Higher
Education, 2018-1-NO01-KA203-038887. This article reflects only the views of the
authors, and the European Commission cannot be held responsible for any use which
may be made of the information contained therein.

References

1. Astafieva M., Bodnenko, D., Proshkin, V.: Cloud-oriented Training Technologies as a
Means of Forming the XXI Century Skills of Future Mathematics Teachers. CEUR
Workshop Proceedings 2387, 507-512 (2019)

2. Astafieva, M.M., Bodnenko, D.M., Proshkin, V.V.: Using computer oriented geometry
means in the process of critical thinking formation of future mathematics teachers.
Information = Technologies and Learning Tools 71(3), 102-121 (2019).
doi:10.33407/itlt.v71i3.2449

3. Astafieva, M.M.: Matematychnyi analiz 1 (1 kurs, MAT, denna) (Mathematical Analysis 1
(1 course, MAT, full-time)). https://elearning. BGKU.edu.ua/course/view.php?id=8084
(2019). Accessed 25 Oct 2019

1. Council Recommendation of 22 May 2018 on Key Competences for Lifelong Learning.
Official Journal of the European Union (2018). https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32018H0604%2801%29 (2018). Accessed 28 Nov 2019

2. Fedorenko, E.H., Velychko, V.Ye., Stopkin, A.V., Chorna, A.V., Soloviev, Vladimir N.:
Informatization of education as a pledge of the existence and development of a modern
higher education. In: Kiv, A.E., Soloviev, V.N. (eds.) Proceedings of the 6" Workshop on
Cloud Technologies in Education (CTE 2018), Kryvyi Rih, Ukraine, December 21, 2018.
CEUR Workshop Proceedings 2433, 20-32. http://ceur-ws.org/Vol-2433/paper01.pdf
(2019). Accessed 10 Sep 2019

3. Hlushak, O.M., Proshkin, V.V., Lytvyn, O.S.: Using the e-learning course “Analytic
Geometry” in the process of training students majoring in Computer Science and
Information Technology. In: Kiv, A.E., Soloviev, V.N. (eds.) Proceedings of the 6%
Workshop on Cloud Technologies in Education (CTE 2018), Kryvyi Rih, Ukraine,
December 21, 2018. CEUR Workshop Proceedings 2433, 472—-485. http://ceur-ws.org/Vol-
2433/paper32.pdf (2019). Accessed 10 Sep 2019

4. Kholoshyn, I.V., Bondarenko, O.V., Hanchuk, O.V., Varfolomyeyeva, .M.: Cloud
technologies as a tool of creating Earth Remote Sensing educational resources. In: Kiv,
A.E., Shyshkina, M.P. (eds.) Proceedings of the 7" Workshop on Cloud Technologies in
Education (CTE 2019), Kryvyi Rih, Ukraine, December 20, 2019, CEUR-WS.org, online
(2020, in press)

5. Kiianovska, N.M., Rashevska, N.V., Semerikov, S.O.: The theoretical and methodical
foundations of usage of information and communication technologies in teaching



688

10.

12.

14.

engineering students in universities of the United States. Theory and methods of e-learning
5(1), 1-316 (2014)

Modlo, Ye.O., Semerikov, S.O., Nechypurenko, P.P., Bondarevskyi, S.L., Bondarevska,
O.M., Tolmachev, S.T.: The use of mobile Internet devices in the formation of ICT
component of bachelors in electromechanics competency in modeling of technical objects.
In: Kiv, A.E., Soloviev, V.N. (eds.) Proceedings of the 6% Workshop on Cloud
Technologies in Education (CTE 2018), Kryvyi Rih, Ukraine, December 21, 2018. CEUR
Workshop Proceedings 2433, 413—428. http://ceur-ws.org/Vol-2433/paper28.pdf (2019).
Accessed 10 Sep 2019

Panchenko, L.F., Muzyka, 1.O.: Analytical review of augmented reality MOOCs. In: Kiv,
A.E., Shyshkina, M.P. (eds.) Proceedings of the 2nd International Workshop on Augmented
Reality in Education (AREdu 2019), Kryvyi Rih, Ukraine, March 22, 2019. CEUR
Workshop Proceedings 2547, 168—180. http://ceur-ws.org/Vol-2547/paper13.pdf (2020).
Accessed 10 Feb 2020

Pehkonen, E., Rakov, S.: Comparative Survey on Pupils Beliefs of Mathematics Teaching
in Finland and Ukraine. Teaching Mathematics and Computer Science 3/1, 13-33 (2005)
Petrenko, L.M., Varava, L.P., Pikilnyak, A.V.: Motivation readiness of future software
engineer’s professional self-improvement and prospects of its formation in college cloud
environment. In: Kiv, A.E., Shyshkina, M.P. (eds.) Proceedings of the 7" Workshop on
Cloud Technologies in Education (CTE 2019), Kryvyi Rih, Ukraine, December 20, 2019,
CEUR-WS.org, online (2020, in press)

Polozhennia pro ENK: poriadok stvorennia, sertyfikatsii ta vykorystannia u systemi e-
navchannia (Regulation on ELC: the procedure of creation, certification and use in a system
of e-learning). Borys Grinchenko Kyiv University, Kyiv. https:/tinyurl.com/y9nga8xu
(2019). Accessed 29 Nov 2019

Spivakovsky, A., Petukhova, L., Kotkova, V., Yurchuk, Yu.: Historical Approach to
Modern Learning Environment. In: Ermolayev, V., Mallet, F., Yakovyna, V., Kharchenko,
V., Kobets, V., Kornitowicz, A., Kravtsov, H., Nikitchenko, M., Semerikov, S.,
Spivakovsky, A. (eds.) Proceedings of the 15th International Conference on ICT in
Education, Research and Industrial Applications. Integration, Harmonization and
Knowledge Transfer (ICTERI, 2019), Kherson, Ukraine, June 12-15 2019, vol. II:
Workshops. CEUR Workshop Proceedings 2393, 1011-1024. http://ceur-ws.org/Vol-
2393/paper_420.pdf (2019). Accessed 30 Jun 2019

Teplytskyi, O.I., Teplytskyi, 1.O., Semerikov, S.O., Soloviev, V.N.: Training future
teachers in natural sciences and mathematics by means of computer simulation: a social
constructivist approach. Theory and methods of learning fundamental disciplines in high
school 10, 1-278 (2015)

Valko, N.V., Kushnir, N.O., Osadchyi, V.V.: Cloud technologies for STEM education. In:
Kiv, A.E., Shyshkina, M.P. (eds.) Proceedings of the 7" Workshop on Cloud Technologies
in Education (CTE 2019), Kryvyi Rih, Ukraine, December 20, 2019, CEUR-WS.org, online
(2020, in press)

Vlasenko, K., Chumak, O., Lovianova, 1., Kovalenko, D., Volkova, N.: Methodical
requirements for training materials of on-line courses on the platform “Higher school
mathematics teacher”. In: Semerikov, S., Chukharev, S., Sakhno, S., Striuk, A., Osadchyi,
V., Solovieva, V., Vakaliuk, T., Nechypurenko, P., Bondarenko, O., Danylchuk, H. (eds.)
The International Conference on Sustainable Futures: Environmental, Technological,
Social and Economic Matters (ICSF 2020). Kryvyi Rih, Ukraine, May 20-22, 2020. E3S
Web of Conferences 166, 10011 (2020). doi:10.1051/e3sconf/20201661001 1



15.

17.

18.

19.

20.

21.

22.

689

Vlasenko, K., Volkov, S., Sitak, I., Lovianova, 1., Bobyliev, D.: Usability analysis of on-
line educational courses on the platform “Higher school mathematics teacher”. In:
Semerikov, S., Chukharev, S., Sakhno, S., Striuk, A., Osadchyi, V., Solovieva, V.,
Vakaliuk, T., Nechypurenko, P., Bondarenko, O., Danylchuk, H. (eds.) The International
Conference on Sustainable Futures: Environmental, Technological, Social and Economic
Matters (ICSF 2020). Kryvyi Rih, Ukraine, May 20-22, 2020. E3S Web of Conferences
166, 10012 (2020). doi:10.1051/e3sconf/202016610012

Vlasenko, K.V., Volkov, S.V., Kovalenko, D.A., Sitak, 1.V., Chumak, O.0., Kostikov,
A.A.: Web-based online course training higher school mathematics teachers. In: Kiv, A.E.,
Shyshkina, M.P. (eds.) Proceedings of the 7% Workshop on Cloud Technologies in
Education (CTE 2019), Kryvyi Rih, Ukraine, December 20, 2019, CEUR-WS.org, online
(2020, in press)

Vorokh, A.O.: Struktura elektronnoho navchalnoho kursu z narysnoi heometrii (Structure
of Electronic Educational Course in Descriptive Geometry). Problemy inzhenerno-
pedahohichnoi osvity 30-31, 193-203 (2011)

Yahupov, V.V., Kyva, V.Yu., Zaselskiy, V.I.: The methodology of development of
information and communication competence in teachers of the military education system
applying the distance form of learning. In: Kiv, A.E., Shyshkina, M.P. (eds.) Proceedings
of the 7" Workshop on Cloud Technologies in Education (CTE 2019), Kryvyi Rih, Ukraine,
December 20, 2019, CEUR-WS.org, online (2020, in press)

Zaika, O.V.: Elektronne navchalno-metodychne zabezpechennia kursu proektyvnoi
heometrii (Electronic educational and methodological support of the course of projective
geometry). Suchasni informatsiini tekhnolohii ta innovatsiini metodyky navchannia v
pidhotovtsi fakhivtsiv: metodolohiia, teoriia, dosvid, problemy 41, 300-304 (2015)
Zakaria, E., Daud, M.Y.: The role of technology: Moodle as a teaching tool in a graduate
mathematics education course. Asian Journal of Management Sciences and Education 2(4),
46-52 (2013)

Zeidmane, A., Paulins, N.: Implementing the practical application of mathematics in e-
learning using multi-domain problem solving. In: International Conference on Applied
Information and Communication Technologies (AICT2012), 26.-27. April, 2012, Jelgava,
Latvia, pp. 361-367

Zhernovnykova, O.A.: Psykholohichnyi aspekt realizatsii dystantsiinykh osvitnikh
tekhnolohii u navchalnyi protses maibutnikh uchyteliv matematyky (Psychological aspect
of realization of distance educational technologies in the studying process of future
mathematics teachers). Naukovi zapysky Berdianskoho derzhavnoho pedahohichnoho
universytetu. Ser. : Pedahohichni nauky 2, 219-225 (2017)



