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Preface

It is our pleasure to present you the proceedings of the Workshops co-located with
ICTERI 2019, the fifteenth edition of the International Conference on Information
and Communication Technologies in Education, Research, and Industrial Applica-
tions, held in Kherson (Ukraine) on June 12-15, 2019. This year’s edition focused on
research advances, information systems technologies and applications, busi-
ness/academic applications of Information and Communication Technologies. Em-
phasis was also placed on the role of ICT in Education. These aspects of ICT re-
search, development, technology transfer, and use in real world cases remain vibrant
for both the academic and industrial communities. Overall, ICTERI 2019, including
the Workshops, was focused on the four thematic tracks reflecting these research
fields: (I) Advances in ICT Research; (II) Information Systems: Technology and Ap-
plications; (III) ICT in Education; and (IV) ICT Cooperation in Academia and Indus-
try.

This volume is structured in five parts, each presenting the contributions to a par-
ticular workshop:

Part I: 4™ International Workshop on Professional Retraining and Life-Long Learn-
ing, using ICT: Person-oriented Approach (3L-Person 2019). This workshop was
organized by Hennadiy Kravtsov, Svitlana Lytvynova, and Mariya Shyshkina and
dedicated to the 20" anniversary of the Institute of Information Technologies and
Learning Tools of the NAES of Ukraine. The workshop discussed novel research
issues and uses of information technology for life-long learning.

Part II: 7" International Workshop on on Computer Simulation in Education:
A Workshop in Memory of Professor Illia O. Teplytsky (CoSinE 2019). This work-
shop was organized by Arnold Kiv, Serhiy Semerikov, Vladimir Soloviev, and Andrii
Striuk. It addressed real-world applications of computer simulation in education.

Part III: 7" International Workshop on Information Technologies in Economic Re-
search (ITER 2019). This workshop was organized by Vitaliy Kobets, Tetiana
Paientko, and Alessio Maria Braccini. It focused on research advances, busi-
ness/academic applications of information and communication technologies related to
solving practical economic problems and also pushing forward economic research.

Part IV: 3¢ International Workshop on Rigorous Methods in Software Engineering
(RMSE 2019). This workshop was organized by Artur Kornilowicz, Mykola Ni-
kitchenko, Vladimir Peschanenko, and Grygoriy Zholtkevych. It dealt with the as-
pects of the use of rigorous methods and techniques, which are used in different fields



of software engineering: specification, verification and optimization of software;
software analysis, testing, and re-engineering.

Part V: 5™ International Workshop on Theory of Reliability and Markov Modelling
for Information Technologies (TheRMIT 2018). This workshop was organized by
Vyacheslav Kharchenko, Elena Zaitseva, De-Jiu Chen, and Bogdan Volochiy. It ad-
dressed modern information technologies, systems, and IT-infrastructures as objects
of reliability (dependability, safety, security and resilience) regulation, modelling,
assessment and assurance. The workshop focused on the mathematical models, appli-
cation of software tools for IT reliability analysis and assessment, decision support
and decision making in the context of the development of dependable, safe, secure
and resilient 1T-based systems.

Overall, ICTERI 2019 workshops attracted 218 paper submissions. Out of these
submissions, the organizers have accepted 82 high quality and most interesting pa-
pers. So, the average acceptance rate was of 38 percent.

This volume would not appear without the support of many people. First of all, we
would like to thank all the authors who submitted papers to the workshops of
ICTERI 2019 and thus demonstrated their interest in the research problems within
their scope. We are very grateful to the members of the Program Committees for
providing timely and thorough reviews and, also, for being cooperative in doing addi-
tional review work. We would like to thank the local organizers of the conference
whose devotion and efficiency made the constellation of ICTERI 2019 workshops a
very interesting and effective scientific forum.

June, 2019 Vadim Ermolayev
Frédéric Mallet
Vitaliy Yakovyna
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About One Approach to Building Systems for Testing
Physical Knowledge
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Kherson State University, 27 Universitetska st., Kherson, 73000 Ukraine
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Abstract. The paper presents an approach to building a system for testing pro-
cedural physical knowledge, i.e. knowledge of basic physical laws and the abil-
ity to use them.

This approach consists of constructing mathematical models for each aca-
demic module in a physics course. The main constructive objects are test tem-
plates, which are mathematical models of test tasks, based on physical models
of systems, processes and phenomena. The template of the class of physical
tests for checking knowledge of the physical laws and abilities of transfor-
mations of a physical system is represented by a set of geometric drawings, dia-
grams, graphs of functional dependencies, a system of formulas for transform-
ing physical values, templates of scenarios for changing the states of a physical
system and a response template.

Each such template can be used both in generating similarity algorithms for
specific multiple tests, and in algorithms for automatically checking the cor-
rectness of answers. The proposed method allows describing a relatively simple
class of specific tests. An important feature of the system is the ability to auto-
matically check not only the final answer, but also the parameters of the inter-
mediate states of the physical system. The implementation of a procedural
physical knowledge testing system can be performed by creating software inter-
active multimedia objects using the methods of computer mathematics and al-
gebraic programming technology.

Keywords: physics test, mathematical models of test, test template, interactive
multimedia object, algebraic programming technology.

1 Introduction

The teaching process of the exact sciences in secondary school, especially physics,
includes both the lecture part of the lesson and the active teaching forms: practical
works, double-acting works, independent and test papers, etc. Thus, it is necessary to
control not only the declarative knowledge, but also procedural knowledge, that is,
knowledge of methods for solving physical problems. General methods of construct-
ing of computer mathematics systems for educational purposes, one of the subsystems



of which is the testing environment, are described in [1-10]. We adapted these meth-
ods to build a procedural physical knowledge testing system.

Physical tests, which will be discussed, are designed to control procedural
knowledge of a physics course using the example of a physics course in the 7th-9th
grades of the secondary school in Ukraine. Technologies for the control of procedural
knowledge have not yet been studied and developed. Thus, the problem of research is
relevant.

In [11] the general approach to the description of subject areas in mathematics and
other exact sciences is described. In [12], a methodology was proposed for construct-
ing systems for testing procedural mathematical knowledge and its refinement for
constructing of a system for algebraic knowledge testing. In [13], a methodology for
constructing systems for procedural mathematical knowledge testing and its refine-
ment for building a system for geometric knowledge testing was proposed.

In this paper, within the framework of this general approach, the features of the
construction of physical knowledge testing systems are considered. It is assumed that
a testing system containing procedural physical tests will be implemented as a module
Physical Knowledge Testing Environment, which can be used both in computer-aided
educational mathematics systems (CAEMS) in physics and for other purposes.

The problem of the present work can be formulated as a study of the functional re-
quirements, mathematical models and algorithms for constructing of a system for
testing procedural physical knowledge in CAEMS.

Separately, it can be highlighted the task of designing and creating software envi-
ronment testing of physical knowledge and skills. In this case, the actual need is to
develop a software module for physical knowledge testing and skills in distance learn-
ing systems (DLS) [14].

The widespread use of distance learning in educational institutions in secondary
and higher education was increased demands on the quality of distance learning. One
of the main tasks is to improve the quality of distance courses, especially training
modules of a practical orientation. There are testing systems, simulators, laboratory
and practical works. The problem is that the international standards do not clearly
spell out the specifications for the structure and implementation of such training mod-
ules. At the same time, an essential requirement for testing systems is the requirement
of compliance with existing international standards of distance learning, which con-
tributes to the integration of learning information resources. The problem of standard-
ization of methods and technologies for developing a system of physical knowledge
and skills testing is debatable and requires discussion of a wide range of specialists. In
this paper, we consider methods for solving the problem of modeling and implement-
ing of a module for physical knowledge and skills testing in distance courses based on
adaptive (laboratory) and template tests technology, which is consistent with interna-
tional standards IMS and SCORM [15, 16].

The relevance of solving the problem of designing of a module for physical
knowledge and skills testing in distance courses is determined by the fact that the use
of test types based on choice currently allows only knowledge control [17], but does
not control skills, which is essential for the natural sciences.



2 Examples of formal models of physical processes

The subject area (ontology) is represented by structural-logical schemes (SLS). These
ontologies are represented by a three-level hierarchy:
“Discipline” — “Educational Module” — “Model of Phenomenon, Process”.
Our approach is the system of test tasks should be unified within the framework of
the discipline “Physics 7-9” [18]. However, its development is carried out in stages
PHYSICS 7 -PHYSICS 8 —-PHYSICS 9 —....

Before proposing a general definition of the pharma model of the physical process,
we consider several examples.

2.1 Example 1. Ohm's law for subcircuit.

From the program Physics 7-9: Ohm’s law for subcircuit. Series and parallel connec-
tion of conductors.

The testing system should verify the application of the following physical laws:

1. The current strength 7 in the circuit is determined by the Ohm’s law formula: 7 =
U/R

2. With a series connection of resistors, their total resistance is equal to the sum of
their resistances: R=R; + Ry + R3 + ...

3. With parallel connection of resistors, their total conductivity (inverse of resistance)
is equal to the sum of their conductivities: 1/R = 1/R; + 1/R, + ...

Test task. The given scheme (Fig. 1)

R2
| I |
A R1
o ) i o
R
UAD L1
o
D

Fig. 1. Test task on the topic of "Ohm's law for subcircuit".

Given: R =100 Q, R, =20Q, R; =60 Q,
UAD =220V
Find: Ipc, Rap

The formal circuitry model should use

- model of resistor (resistance),



- model of the element (primitive) of the electrical circuit (EC),
- circuit model as a connection of elements.

Models of resistance, current strength, voltage are the models of physical quanti-
ties. A model of a physical quantity is a five (name, unit of measure, range of values,
step of change, value).

The model of the EC element (clectrical circuit) is a data set:

- designation of connection point 1,
- designation of connection point 2;
- resistance model (resistor);

- current strength model;

- voltage model.

The EC model is defined as follows: for circuit elements o1, 07, ... ok the scheme )’
is a formula for the variables oy, o, ... o in the signature <+, || >, where “+” is the
sign of the serial connection operation, “||” is the sign of the parallel connection op-
eration with consistent notations of beginnings and ends. For example, the formula of
the circuit in Figure 1 is Y, = a1 + (02 || 03). Here, the primitives are the following EC
elements:

g1 = (Ala B], R], [19 Ul)a o2 = (A2a B29 R29 123 Uz)s 03 = (A3a B3a R39 137 U3)9 (1)

In the circuit model it is natural to distinguish subcircuits. In general, the relation
“circuit — subcircuit” is determined through one (any) of the circuit construction oper-
ations: if F(xi, ..., x,) is a circuit construction operation, and >, ..., >, is a circuits,
then Y. = F(3.1, ..., Y.u) is a constructed circuit and ), > are in a “circuit-subcircuit”
relationship. In this example, three primitive subcircuits are defined:

01=<Ri >, 00=< Ry >, 03=<R;3 >, 2)
as well as constructions
DI=<_0o03 >, Y =<_01+21_> 3)

For each subcircuit, as well as for primitive subcircuits, variables R, I, U (1) are de-
fined, and also meta variables — the points of connection of subcircuits into circuits. In
(2), (3) these points are marked with an underscore. So any scheme ) = (4y, By, Ry,
Iy, Us). Connection points of subcircuits are denoted by letters — the values of
metavariables. The data that is included in the sections Given and Find in Test task, is
displayed using these symbols. The notation can be simplified, but we do not give a
simplification mechanism (see Fig. 1).

Test generation method: The scheme construction mechanism is called as the test
design template.

A set of subcircuits (for example, (2) and (3)) is called as instance of a test tem-
plate.

The test task generation method is carried out in three stages (Fig. 2):



1. The test task generation begins with the use of a construction template to obtain
a specific instance of the test template.

2. The construction of a set of test template instances can be done pre-bye (see the
Difficulty of the test task)

3. The test task is generated from the test template instance by selecting the varia-
ble sections Given and Find, as well as randomly generating the values of variables of
the section Given.

Test Layout Design (1~ N[ Test templatein- |1 N Test task
Template > stance >

Fig. 2. Stages of the test task formation (on the topic of Ohm’s Law for the subcircuit).

The test task generation is now carried out by selecting the test template instance
schema, randomly selecting variables and their values for the Given section, as well as
randomly selecting the names of other variables for the Find section.

Test’s Complexity. The complexity of the model and the test, including the level
of computational complexity, is determined by the number of characters of operations
in the formula of the test template instance. For the scheme of this level of complexi-
ty, the complexity of the actual test task is also determined based on the number of
quantities in the Find section.

The presented example should be considered rather complicated, since the formula
contains two signs of operations.

To limit the complexity, it is proposed to limit the maximum complexity of the cir-
cuit. In the example, this maximum can be schemes with three operation signs.

For each difficulty level, it is easy to write out all the schemes (test template in-
stances) of a given difficulty level and a test exercise for this model can now be de-
fined as a set of test tasks with a given distribution of difficulty levels.

2.2 Example 2. Mixing liquids’ model.

The elementary process of mixing liquids can be described as follows: two vessels
contain liquids, the physical characteristics of which are given by the heat capacities
¢, the temperatures t of the masses m. It is required to determine the physical charac-
teristics of their mixture contained in the third vessel (Fig. 3).

As in the first example, the formal model of a physical quantity is a five (name,
unit, range of values, step of change, value).

In the definition of a fluid mixing model, formal models of such physical quantities
are used: heat capacity, temperature, mass, heat.

Formal fluid model: heat capacity c, temperature 7.

The formal model of a vessel with a liquid is an element of the scheme: a model of
a liquid, mass m.

The formal model of mixing liquids uses formal models of vessels with liquids (ci,
t, ml), (Cz, b, M2), (63, 13, }’}13).



The testing system should verify the application of the following physical laws:

m=m + my,

0 = 01 + O, (heat balance equation),

where
O1 = cimi(ty — 1), Or = coma(t2 — 1)
_ aamytceomy
m1+m2
_ C1m1t1+C2m2t2
c1m1+c2m2

mp; =
Cl= ...
h=...
my =
Cr =
Hh=

Fig. 3. Test task on the topic of "Mixing liquids".

Formal model
Physical quantities:
Mass = (Real, kg, [1; 100], 1),
HCap = (Real, J / kg - ° C, [0.2; 20], 0.2),
Tem = (Real, ° C, [10; 100], 1),
Element of the model L = (Mass, HCap, Tem),
Schematic construction operation: L = Ly + Ly, or L = Mixt(L1, L2)
Examples of test tasks:
Example 1
Given:
L](I’I’H, ci, t1), Lz(mz, C2, tz).
Li=(2kg), (4.19-103J/kg° C), (15° C)) - H20;

“

&)

(6)

)

®)




Lr=((1kg), (2.39-103J/kg° C), (5°C)) - C2H50H;
Find
L=(m,?1).
Example 2
Given: Ly, L;
Find L.

Method of test task generating. As in example 1, the installation of mixing lig-
uids can be considered as a sequential mixing scheme. If the operation of mixing two
liquids is denoted by a symbol “+”, i.e. the scheme of example 2 is given by the for-
mula L = L, + L, schemes are possible L = (L; + L) + L3, L = (L1 + Ly) + (L3 + La4).

In this case, the test task is generated:

- selection of a test construction template;

- random selection of the type of template from the list of liquids;

- random test generation by generating data from the Given section and the names
of the Find section.

Test complexity. As in example 1, the complexity of the test task is determined by
the complexity of the scheme - the design template, i.e. the amount of mixed liquids.
You can mix 2, 3 and even 4 substances according to the following schemes:

(1,2),(1,2,3), ((1,2), 3), (1, 2), 3), 4, (1, 2), 3, 4))

The complexity of the construction template makes sense to specify a discrete

probability distribution. For example:

Table 1. Test task template.

Scheme (1,2) 1,2,3) | ((1,2),3) | (((1,2),3),4) | ((1,2),(3,4)
Probability 0.5 0.2 0.2 0.05 0.05

In addition, for this particular example, the complexity of the test task is influenced
by the fact whether two identical or two different liquids mix with different heat ca-
pacities. As in example 1, the complexity of the test task is determined by the com-
plexity of the construction template, the amount of data in the Find section, taking
into account the number of different mixable liquids.

3 Formal model of physical knowledge testing system

3.1  The course of the discipline "Physics"
is represented by a hierarchy of dependence of the subject (training) modules
(structural-logical scheme of the discipline).

3.1.1 In the training module, a list of the intrinsic physical quantities used in it is
defined (Fig. 4). Each physical quantity is defined by a five:
(name, basic physical dimension, type of value, range of values, step of
change)



Training module "Name"
Physical value

Physical value

Fig. 4. Model of the training module.

3.1.2 Relationship dependence determines the sequence of study of relevant
topics of the training course (Fig. 5).

Training module "Name"

v

Training module "Name"

Fig. 5. Model of hierarchical relations of dependencies of training modules.

3.13 In addition to the attributes described in 4.1.1, the training module is repre-
sented by a set of formal models of physical phenomena and processes

(Fig. 6).

Training module

Name, List of models of physical quantities

Model "Name" | | Model "Name" | | Model "Name"

Fig. 6. Model of a subject module as a set of models of phenomena, processes.

3.2  The formal model of a physical phenomenon, a process

The formal model of a physical phenomenon, a process is a scheme (formula) in the
signature of the operations of constructing schemes, a list of types of elements of the
scheme, a set of interpreters of operations for constructing a scheme (Fig. 7).

Physical value is defined as the five attributes:

(Name, type of value, physical dimensionality, range of values, step of change)

The element of the scheme (primitive scheme) is a set of physical quantities. Thus,
if ois an element of the, and ay,...,a; are physical quantities, then o = (ai,...,a:). The
schema element has its own type: Type(o) = (type(ar),..., type(ar)). If x1,...,x; — varia-
bles are physical values, then a structured variable o = (xi,...,x;) is a scheme element.

Scheme construction operations. Each scheme is composed of scheme elements
and other schemes using construction operations. The set of names and arity of con-

struction operations is called the schema signature: OPs = < fl(kl), ) f,ﬁkm) >.
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Fig. 7. The system of categories for the formal model of a physical phenomenon, process.

The construction operations are, generally speaking, multi-sorted. If y =
fi(x1, ..., xi;) € OPr, then the types of variables y, x;, ..., Xy, belong TPs and, general-
ly speaking, are different. The types of operations for constructing schemes are de-
termined by the types of variables y.

Test schemes (templates) are constructed from the elements of schemes and other
schemes using construction operations: Z¢, = f;(0y, ..., 0y;) €. Thus, the test template
2 is the formula in the signature OPs. All the arguments of the schema 2 are the vari-
ables — the schema elements. Thus, the template (formula scheme) has the form
2(x1,...,X1).

The complexity of the scheme is the number of symbols of functions in the formula
2. Since the value of any function for a given variable requires computation, the con-
cept of the computational complexity of a scheme is closely related to the concept of
the complexity of a scheme.

The test task is obtained as a schema specification with the values of some subset
of the set (x1,...,x;). The test task has the form X(ai,...,akXe+1,...,x1). Values ai,...,ax
form Given section of the test task. In the simple case, Find section contains the
names of one or more variables from the set (xi+1,...,x1).

The test template interpreter is a software function that calculates the value of a
scheme given the values of its arguments. Let o (xi,...,x;) be an any element of the
scheme. Variables xi,...,x; are related by relationships @(xi,...,x;) — physical laws
whose knowledge is being tested. Therefore, all values (xi+1,...,x7) of the Find set
variables can be calculated by values aji,...,ar. Thus, for any type scheme f(X,..., 2),
its value y = Value(f{21,..., 21)) can be calculated from bottom to top:

a1 = Value(2),...,a;= Value(X)), y = Int flai,. .., a1),

where Intfis the interpreter of signature operation f.

Thus, the interpreter of the scheme calculates not only the values of the variables
of the set (xx+1,...,x;), but also all the physical values of any subscheme of the test
template.



Thus, the number of test case variables includes not only variables xi,...,x;, but also
all intermediate variables of a form y = f{xy,...,x;) for any subschem of a type f{21,...,
2).

4 Methods for generating and validating test items

4.1  Test template selection

In principle, there are two approaches to solving the problem of choosing a test pat-
tern. First, for each model of the physical process, the phenomena are created manual-
ly by the table of templates (see tab.2), which are stored in the database. With this
approach, together with the table of templates, it makes sense to keep a table of the
distribution of probabilities for choosing this template. Secondly, it is possible to
implement an algorithm for automatically generating circuits of a given complexity.
In this case, first with a given probability, the level of complexity is selected, and then
a circuit of this complexity is generated. Each of these approaches has its own ad-
vantages and disadvantages. In the first case, you need to spend a lot of time filling
the database with template tables. In the second case, time is spent on the implemen-
tation of an algorithm for automatically generating a circuit of a given complexity.

Another technological challenge is to implement a graphic image of the physical
process, the phenomenon. The test window contains the fields Picture, Given, Find.
The Picture field displays the scheme in which variables are marked. Fields Given and
Find are filled in at the stage of test task generation. The uniqueness of the model
leads to the fact that each drawing scheme is programmed separately.

4.2  Test generation

Let be the test pattern template. Consider a set of schemes of a given circuit contain-
ing all elements and all composite schemes 2 = < 2| = oy,..., 2k = Ok, Zk+1 = 01 >.
Each element of this set depends on the variables - physical values: Xi(x11,...,X12),. ..,
2i(xn1,...,Xim). As already mentioned, for each subscheme Zj(xji,...,x;,) the following
property takes place: if the values of any m variables from the set (xji,...,xj,) are
known, the values of the other n — m variables can be calculated. Therefore, the pro-
cess of calculating the data values of a particular test task is carried out from the bot-
tom up to the structure of the circuit.
Our approach to growing the practical knowledge testing system is as follows:

1. On the basis of algorithmic analysis, define a specific subject area as a set of mod-
els of physical quantities, models of elements of schemes and schemes as formulas
in a given signature.

2. Develop a unified general model of this class (test pattern design), as well as test
pattern templates as an implementation of the test pattern design
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3. Implement the algorithms for generating conditions and responses to this model
pattern, thereby determining the algorithm for generating a test task and verifying
1t

4. Develop CASE-technology for describing subclasses of test items based on a sin-
gle common model for users of the computer-aided mathematics system for educa-
tional purposes.

5. Develop common mechanisms for storing and invoking algorithms for generating
specific test items.

6. Develop methods for generating and validating test items.

5 Test template selection

IMS QTI standard specifications allow you to develop a model and create software
for testing physical knowledge and skills in the DLS. For this purpose, specifications
of Adaptive Items and Item Templates [16] can be used.

5.1 Adaptive test items

The software module for creating and executing test tasks for testing physical
knowledge and skills can be based on the technology of developing adaptive tests.
The IMS QTI version 2.2 specification provides support for adaptive tests in distance
learning systems. In accordance with this standard, adaptive test questions may con-
tain software object modules that provide interactive user interaction with them. For
such questions, we introduce into consideration a new type of test question — an
object type, and tests containing object-type questions will be called adaptive (labora-
tory) tests. Below is the specification and schema of the attributes of the object type
question of the adaptive (laboratory) test (Fig. 8) [19].

Each type of question separately has its own characteristics in the specification.
This is due to differences in the parameters of these types.

The response of the test is processed in the Response Processing module. Evalua-
tion of the answer in the module can occur in two ways: a differentiated assessment of
the entire question and the accumulation of evaluation of the response options.

According to the IMS QTI Specification, when working out questions of the adap-
tive test, there is a feedback with the test person, determining the response adjustment
at each stage and thus forming the variability of the response. In this question there
may be additional parameters that are not specified by the standard. An example of
the implementation of such an object question is a controlled interactive Flash anima-
tion in which a specific task is programmed [19]:

¢ module initialization with some input parameters,
e interactive game situation in which the tested person participates,
e output as a result of the action of the test.

11
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> Identifier of correct answers

Fig. 8. The question attributes scheme of the object type of the adaptive test and its specifica-
tion.

The result of answering a question of a laboratory (adaptive) type can be determined
in the test passing object, taking into account the value of the maximum mark for
correct passing the test, and used in automatic (software) assessment. Alternatively,
the score can be determined (changed) by the tutor during the check.

Due to the lack of a separate specification of the IMS standard for laboratory
(adaptive) tests, we consider the method of their simulation, which consists of the
following. Two object modules are developed that are interconnected by a special
format data transfer interface. The first module (the test passing object) is designed to
pass a laboratory (adaptive) type test, and the second (answer display object) is in-
tended to reflect the test passing results during the test. The scheme of interaction
between the objects of the testing module and the database is shown in Fig. 9.
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Fig. 9. The scheme of interaction between the objects of the test module and database.

Object modules can be Java applets, COM objects (for example, Adobe Flash) or
HTML 5 program objects, which upon initialization receive the values of input pa-
rameters (attributes) and are set up in a working state. For an object passing the test,
such parameters may be the value of the maximum mark for correct passing the test,
the value of the time limit for passing the test, other values of the object initialization
parameters; for the response display object, the values of the input parameters that
ensure the initial state of the object, corresponding to the final state of the test object.

Thus, the combination of two object modules forms a closed system for passing,
checking and evaluating tests of the adaptive (laboratory) type. The proposed method
of creating adaptive (laboratory) type tests meets the specifications of the IMS stand-
ard and allows packaging for portability in other distance learning systems.

5.2 Template type test items

At developing of the testing module, we will understand the testing process as a se-
quence of calls of operators with a certain behavior in the context of a learning model.

The process of automatic test assembly in the DLS testing module is a workflow in
which certain logic is implemented with the possibility of automation. It is important
to begin by defining an abstract model that contains all the necessary data describing
the purpose of training and explaining the correlation between objects of specific
instances of this model in order to automate the compilation of test questions as a
workflow.

13



Suppose Item Templates is an instance of a test task generated by this template
with the automatic test generation process described above.

Automatic generation of Item Templates will help to significantly simplify the
preparation of practical tasks, reducing the time for their creation and ensuring the
unique nature of each generated task. It will also provide an opportunity to automate
the evaluation of test results without the negative impact of the human factor.

We define the test as a set of learning tasks set and test settings: ST = <S(S, ...,
St), (T, ..., Tn)>, where S(S1, ..., Sz) — a set of test settings, defined by a user (a test
compiler), and 7(71, ..., Ty) — a set of learning tasks. To build the abstract model of
the learning task 7" we use its signature of following view:

T=<M,P, Q>

where M — a set of the task input parameters, and is described as M(X, ..., Xn),
where X, ..., Xn — the task parameters; P — a set of the task conditions, described as
P(P, ..., Pk) , where Py, ..., Pk — task conditions; Q — the task result model, de-
scribed as Q(Q1, ..., Om), where O, ..., Om — sets of metadata, defining the results of
the task. We introduce the following software modules to describe the Item Templates
object: LrnTaskTemplate (abbreviated from Learning Task Template) for 7% Lmmn-
TaskModel (abbreviated from Learning Task Model) for M; LrnTaskValidator (ab-
breviated from Learning Task Validator) for P; LrnTaskModel for Q.

The abstract generator model is a generalized model of math tests. The scheme of
interrelations of the objects described above is shown in Figure 10.

According to this scheme, ISmartTestModule is a library of learning task generator
templates for compiling a test task. The template library of the instructional task gen-
erator module is a program class (LrnTaskTemplate), which contains all the functions
necessary for building learning task instances, validating and solving them using a
named model. The functions of the task generator template use the common (TestSet-
tings) and local (LrnTaskTemplateSettings) user-defined settings (the test compiler)
as input parameters. These settings can provide the template with parameters for gen-
erating and checking specified learning tasks in the form of: instructions for using
preferred question types [17], the number of generated answers, fine-tuning the mod-
ule with the inclusion / exclusion of certain templates, input parameter fields, etc.
Number of such settings may differ depending on the module and its templates. It is
expected that the test compiler will adjust the parameters when adding Item Tem-
plates to the system. The learning task model (LrnTaskModel) is a program class for
storing the input parameters of the learning task. Depending on the goals, the model
of the training task may contain extended attributes necessary to describe the parame-
ters of the task. The number of parameters is not limited by the system. The next ele-
ment of the learning task generator is the LrnTaskValidator class. The purpose of this
program class is to check the compliance of the model instance with the task settings.
The solver (LrnTaskSolver) is the last element of the template. The solver's task is to
solve the specified task (to achieve results) using the LrnTaskModel parameters with
the conditions specified in the LrnTaskValidator. The results of the solver are formal
expressions in the signature of a specific subject field, which can be defined in the
heir to the LrnTaskResponseModel class. In particular, there can be atomic expres-
sions — numbers, strings, dates.
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Fig. 10. Scheme of interrelations of elements of model Item Objects.

6 Conclusions and Outlooks

The approach to building a system for practical physical knowledge testing described
in this paper allows you to:

1. Quickly and correctly draw up a system of tests for practical knowledge testing on
a given topic, in accordance with a given level of computational complexity of this
system.

2. Automate the procedure for generating a sufficiently large number of specific test
tasks based on a single template.

3. Solve the problem of automatically checking the correctness of the answer and the
progress of the test solution.

4. Solve the test task step by step, applying symbolic expressions and checking at
each step the correctness of their use.

5. According to the proposed model, develop software for physical knowledge and
skills testing.

The proposed approach to the process of physical knowledge and skills testing can
be used to build a model and develop software for a testing module in a distance
learning system in accordance with the requirements of international standards IMS
and SCORM.
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Abstract. The article deals with the examination of distinct aspects of the ap-
plication of 3D modeling technologies as the promising trend, which found its
application in the process of creation of models for 3D printout, virtual and
augmented reality, in the process of development of gameplays, in modeling of
objects for educational aims etc. The urgency of the study of the 3D model pro-
cessing considering the conditions by bachelors of computer sciences, nominat-
ed by competitive environment of labour market has been defined. The necessi-
ty of improvement of methods of graphical discipline teaching and the actuality
of the introduction of the study of 3D modeling technologies in the process of
professional training of future bachelors of computer sciences as a promising
trend considering the demands of labour market and as the factor raising the
level of student motivation to a professional activity in general and the for-
mation level of graphical competence in particular have been grounded. The
methodological support of the course has been described, the aim and content of
the study of the “Computer Graphics” discipline have been presented. The
structure and the content of theoretical and practical parts of the course have
been provided, which are oriented to the use of the 3D graphical Autodesk Ma-
ya processor. The algorithm has been examined and the stages of creation of
organic form objects have been described on the example of modeling of game
characters and the algorithm of creation of 3D surroundings on the example of
modeling of the game level interior. The certain aspects of informational and
communicational support of the “Computer Graphics” course have been exam-
ined, within the frames of which the approbation of the developed educational
and methodological complex has been performed.

Keywords: future bachelor of computer sciences, computer graphics, 3D mod-
eling, game characters, game surrounding.
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1 The introduction

1.1  The problem statement.

The modernity is characterized by extensive computerization in almost all spheres of
the social life. Computer graphics gains its advancement in the creation of photo-
realistic virtual images, it is used in 3D print technologies, in the modeling of the
objects for virtual and augmented reality, in the process of development of gameplay,
in the modeling of objects for educational aims, in the performance of complicated
graphical projects and many other spheres of people lives. The progressive develop-
ment of informational and communication technologies has influenced to the ad-
vancement of computer games, which became the integral part of everyday lives of
majority of people. As it was noted by N. Marenich, the usage of graphics in the
quality of processing of visual components of computer games has the rich history,
beginning from the traditional pixel graphics and finishing with the leading progres-
sive and prospective technologies of polygonal graphics, capable to create detailed 3D
objects [1]. The prerequisite of special requirements to the professional training of
future bachelors of computer sciences under the conditions of competitive environ-
ment has been the fact that skilled specialists in the sphere of game design have the
competitive salaries and often are the most well-paid professionals in the industry of
games production. Taking into account the swift growth of demand for highly skilled
specialists in the industry of game design and developers of surrounding for virtual
and augmented reality [2] the high level of motivation of students to the study of the
methods of computer graphics has been observed, in particular 3D modeling, that in
its turn raises the role of graphical competence in the modern system of education of
future bachelors of computer sciences [3]. Thus, the question of revision of the con-
tent and methods of teaching of the number of disciplines stands now, which is aimed
at the formation of graphical competence of future bachelor of computer sciences, that
is grounded by the researches of needs of contemporary labour market and thus is
actual.

1.2  Problem state of the art.

Aesthetic aspects of an art project activity, to which the 3D modeling refers, have
been considered in the research of V. Bychkov, E. Iljenkov. The distinct factors of the
development of spatial thinking have been studied by such scientists as N. Bondar,
I. Nishchak, A. Rajkovskaya, Y. Feshchuk. The formation of graphical knowledge
and skills with the help of informational technologies have been grounded by
P. Buyanov, M. Ozga, A. Glazunova, R. Gorbatyuk, M Kozyar, V. Kodratova,
N. Polishchuk, Y. Ramskyj, I. Semenov, M. Yusupova. The methods of work with 3D
modeling software have been highlighted in works of D. Banakh, T. Bordman,
G. Greham, M. Dzambruno, J. Johns and others. The issue of 3D modeling also has
found its reflection in the research of I. Bratchikov, T. Bulyanitsi, V. Goncharova,
T. Koroteeva, T. Nikitina, I. Popova, E. Romanycheva and others. The biggest hum-
ber of researches in the theory and methods of teaching of 3D modeling of students of
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“Computer sciences” specialty have been investigated in foreign publications [4, 5, 6,
7, 8]. In the overwhelming majority of studies of the methods of training of 3D mod-
eling the attention has been paid to engineering graphics by means of CAD-systems
for the training of students of technical specialties. But the researches, devoted to the
methods of 3D modeling training for the students of I1T-specialties, namely the model-
ing of 3D objects for gameplay or for virtual (VR) or augmented reality (AR), have
not been studied sufficiently, thus this issue needs particular attention and thorough
scientific research.

The aim of article is the research of effectiveness of introduction of methods of
3D modeling training in the content of “Computer graphics” discipline for the
formation of components of graphical competence of future bachelors of com-
puter sciences.

2 The results of research

2.1 The description of educational and methodological complex on
“Computer graphics”

The study of the methods of 3D modeling in the process of mastering disciplines,
forming the graphical competence, needs the developed spatial thinking, an aesthetic
taste, a creative approach and analytic thinking, an exclusive sense of composition,
the skills to perceive and produce graphical content, that is caused by the specificity
of the discipline. All the qualities of a creative personality mentioned above, as any
other ability of a person, are to be and can be developed. Not only perfect knowledge
of disciplines of the professional cycle, aimed at the development of skills of pro-
gramming in various languages influences on the level of professional training of
future bachelor of computer sciences, but also the formation of graphical competenc-
es. The specialists in the field of computer sciences have to demonstrate the integra-
tion of technical, informational and designer skills [9]. At the same time with the
mastering of contemporary graphic processors, including the means of 3D modeling,
the process of formation of the graphical competence of future bachelors of computer
sciences stipulates the acquisition of stable motivation for the usage of 3D processors
by students; mastering of skills, ensuring the effectiveness of a professional activity
under the conditions of the modern competitive surrounding; the development of crea-
tive orientation of the professional activity and critical thinking; the constant work on
the increase of professional level; the aspiration for self-education and self-perfection.
Modern computer graphical processors, specializing in the 3D modeling, have at their
disposal the opportunities of 3D parametric modeling, have big libraries of standard-
ized objects, logical operators and built-up languages of programming. With the aim
of formation of graphical competence of future bachelors of computer sciences, the
educational and methodological complex has been developed, based on the study of
the 3D modeling technology, the approbation of which has been performed in the
process of studies of the “Computer graphics” discipline for the students learning the
“Computer sciences” speciality. The “Computer graphics” discipline according to the
curriculum is studied during the fifth semester. For its study 5 credits ECTS are given,
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from which 16 hours are devoted to the lection material, 30 hours are dedicated to lab
work and 104 hours to student self-study. The aim of the study of the “Computer
graphics” discipline is the acquaintance of students with the peculiarities of modeling,
texturing, rendering and animation. For the selection of the content of the course the
analysis and the selection of software for 3D modeling have been undertaken [2],
according to the results of which for the study of students the 3D graphical Autodesk
Maya processor has been chosen, the license for which the Autodesk company has
been provided free of charge for three years for the usage at educational institutions.
Maya has a powerful toolset for 3D modeling, it fully satisfies the qualifying stand-
ards for the development as game characters and also the modeling of game surround-
ing, that allows to create 3D models of any complexity level [10].

The tasks of study of the “Computer graphics” discipline are the expansion of im-
agination of students about the purpose and opportunities of the programs of creation
of computer graphics and animation; providing for the students the necessary
knowledge about 3D modeling; the formation of skills and abilities of students on the
creation and application of 3D graphics and animation on the examples of projecting
of game characters, surrounding for game levels and the creation of 3D scenes with
the usage of the light source; the demonstration of practical significance and orienta-
tion of received knowledge and skills in the future professional activity. The obtained
knowledge and skills can be used for the further independent study of more complex
modes and methods of work in the professional programs of 3D graphics processing,
such as 3D Studio Max, ZBrush, Cinema 4D and others. The structure and content of
educational methodical complex are represented in the illustration. (see Fig.1). While
the development of the methods of study of 3D modeling in the content of the “Com-
puter graphics” discipline with the aim of formation of components of the graphical
competence of future bachelors of computer sciences, the training of students in the
usage technology of a 3D graphical processor for modeling of game characters, game
surrounding and modeling of game levels has been chosen to be the main idea. This
allowed to take into account the development of professional competences of future
bachelors of computer sciences (the study of the software functional for creation of
computer graphics), also the mastering of competences, which are prospective con-
sidering the demands of the labour market (to acquire the skills of development of 3D
models and surrounding for a gameplay, virtual and augmented realities and so on).
The content of educational and methodological complex includes theoretical and
practical modules, based on the technology of 3D modeling. Each lecture is accompa-
nied with the demonstration of illustrative material, videos and other materials, which
allows to organize systematically the educational material and to form the graphical
competence of future bachelors of computer sciences.
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Fig. 1. The structure and the content of educational and methodological complex of the
“Computer graphics” discipline for future bachelors of computer sciences.

In the process of usage of obtained knowledge in the practical activity, students
form the skills of work with technology of 3D modeling and the motivation for the
study of disciplines of the professionally oriented cycle grows. The development of
the practical part of the course is built in such a way to accumulate logically the com-
plexity of the developed model, gradually study the model: starting with the develop-
ment of the concept and projecting all details and images, the creation of structures,
studying the texture of model, setting the light and finishing with animation of the
model and its rendering. The logical structure of the practical part of the course is
represented in the illustration 3, where the sequence of processing of practical lessons
is demonstrated by white arrows (see Fig. 2).
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Fig. 2. The theoretical material (a) and the practical material: the algorithms of modeling of
3D objects of an organic form on the example of the characters of the game (b) and space sur-
rounding on the example of the interior of the game level (c)

The result of processing of practical part is two complete 3D models — the model
of the character and the example of space organization for a game level. Taking into
consideration the necessity of the gradual increase of the complexity of processing of
3D objects, we offer the rotation of practical tasks: performing of every stage of algo-
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rithm at first for the modeling of surroundings (as a less resource consuming stage)
processing of this very stage of algorithm, but already for modeling of a character (as
a more resource consuming one). Such study trajectory of 3D modeling technology is
reasonable due to the fact that students in the course of such work during lectures
learn the certain stage of modeling theoretically a), and further in the course of practi-
cal work they study two branches of modeling of objects simultaneously (person-
age b) and surrounding c)).

2.2 Description of educational and methodological complex of the “Computer
graphics” discipline

The application of information technologies in the education is called to serve the
increase of quality, effectiveness and accessibility of training, and the Internet is the
unique environment for getting the access to educational materials, gives the potential
for teaching and studies, uniting digital technologies and informational resources in
the global informational educational surrounding [11]. The important aspect in the
training of future bachelors of computer sciences is drawing the process of training to
the future professional activity with the use of modern informational communication-
al technologies and the latest methods and means of ensuring of distant learning near-
er. The big volumes of information for students are complicated for mastering in the
full mode in the frames of classroomtime, and as consequence the materials should be
available for students as while studying in the classroom and also during extracurricu-
lar time for their independent study. In the result of unification in the frames of the
united curriculum and the educational process of full-time and distance form of stud-
ies, the studying process is optimized and the opportunities of participants of the edu-
cational process become balanced. Relying on the generic international experience of
usage of the distance learning model of the Athabasca University [12], with the aim of
support of self study of students and for ensuring of the possibility of the free and
comfortable access of students to educational materials, the distance course has been
developed. Lectures and practical materials, videos and other useful materials have
been located on “The center of educational distant technologies” site of the university,
built on the Moodle learning management system. The complex of enumerated ele-
ments creates the environment in which students receive the knowledge and trans-
forms their social and professional experience, taking into account various kinds of
cooperation. The developed educational and methodological complex is aimed at the
formation of the flexible and integral model of training, which can be realized while
full-time and distance learning. For the achieving of better results in the process of
teaching with the help of distance course we have taken into account the requirements
of labour market and specificity of the future professional activity of bachelors of
computer sciences. The materials of the educational and methodiological complex are
structured on separate educational units (modules) with the outlined educational aim,
the introduction, the theoretical part, educational tasks, progress tests and estimation
of obtained knowledge. The components of the complex comprise a curriculum, mate-
rials for lectures and practical lessons, self-study materials, video series, accompany-
ing every lecture, means of knowledge control in the form of tests, supporting litera-
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ture, the electronic register of progress. For the tracking of course element processing,
the academic electronic register is provided, which gives the opportunity to record
students’ progress, reflecting elements, contained in the electronic educational and
methodological complex of the discipline and by default rated by the system. The
elements, which are rated, include tasks for practical works and tests of theoretical
knowledge. The control of practical skills and abilities of students is carried out ac-
cording to the results of processing of lab works, where students design game sur-
roundings or game characters. The control of theoretical knowledge of students is
realized with the help of testing (see Fig. 3).

Fig. 3. The example of questions of control

As a means of feedback for realization of communications and qualitative educa-
tional support of students the forum has been used, which is the default element for all
courses of the Moodle platform and provides all necessary tools for effective commu-
nication of students with tutors.

2.3 The results of the pedagogical experiment

Let us examine the results of experimental testing of effectiveness of introduction of
methods of 3D modeling learning in the content of the “Computer graphics” disci-
pline and the distance learning course for the understanding of the level of the graph-
ical competence of students. As an experimental group of students third-year students
of the “Computer sciences” speciality have been chosen. The pedagogical experiment
has been performed in two stages: ascertaining and formative ones. With the aim of
research problem revealing, the ascertaining experiment has been conducted, in the
course of which the entrance control has been carried out for the study of the initial
level of student knowledge on the technology of 3D modeling and the insufficient
level of knowledge on 3D modeling technology has been revealed. The results of the
entrance control are represented in the form of chart (see Fig.4).
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Fig. 4. The results of the entrance control

Thus, the research urgency has been defined and its problem has been formulated,
which consists in the necessity of development of methods of 3D modeling teaching,
aimed at the formation of spatial thinking, creative approach and aesthetic perception,
which are components of the graphical competence of future bachelors of computer
sciences. Relying on the conducted research, we have offered an idea that for the
increase of the graphical competence level of students, namely the development of
spatial thinking, creative approach and aesthetic perception as components of the
graphical competence, the use of educational and methodological complex on the
“Computer graphics” discipline is necessary. After the conduction of the ascertaining
experiment for third-year students the study of educational material has been orga-
nized with the use of the developed educational and methodological complex and the
distance learning course on the “Computer graphics” discipline. During the formative
stage of the experiment the hypothesis was formulated: the introduction of methods of
3D modeling teaching in the content of the “Computer graphics” discipline and the
distance learning course will assist the increase of the formation level of graphical
competence components of future bachelors of computer sciences, namely the devel-
opment of spatial thinking and skills of shaping, creative approach and aesthetic per-
ception. For the checking of the effectiveness of introduction of 3D modeling teach-
ing methods in the content of the “Computer graphics” discipline and the distance
learning course, the first checkpoint was conducted during the progress control and
the second checkpoint was performed at the end of studies of the discipline. Let us
build the diagram of the dynamics of students’ progress level according to the data of
the second checkpoint on the base of obtained data (see Fig. 5).

Level of students’ progress during
M the first checkpoint

Percent

80%

M the second checkpoint
60%
40%

0% success

0-59 points  60-74 points  75-89 points 90-100 points ¢Vl

Fig. 5. The dynamics of levels of students’ progress points

After analyzing the diagram (see Fig. 4), we can make the conclusion that after
conducting the experiment, the general level of progress and the level of formation of
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graphical competence components both in the group in the whole and each student
individually have increased (see Fig. 6).
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Fig. 6. The comparison of results of the first and second checkpoints of students’ knowledge

The comparison of individual progress indicators of students is liable to statistic
processing, namely: the number of received points of experimental group during the
first and second checkpoints of the experiment. The aim of the research consists in the
determination, whether there are enough significant changes and whether it is possible
to state that introduction of 3D modeling teaching methods in the content of the
“Computer graphics” discipline and the distance learning course have led to the sig-
nificant change of the level of graphical competence formation. For proving this, we
calculate data with methods of mathematical statistics, using Student’s t-measure. For
the research the null hypothesis have been formulated (HO): the intensity of positive
improvements of students’ progress while the use of methods of 3D modeling teach-
ing in the content of the “Computer graphics” discipline and the course of distance
learning does not exceed the intensity of improvements of student knowledge level
while studying offered educational materials without it. We will formulate the alterna-
tive hypothesis (H1) in the following way: the intensity of positive improvements of
students’ progress while using 3D modeling teaching methods in the content of the
“Computer graphics” discipline and the distance learning course exceeds the intensity
of improvements of students’ progress without its usage. According to Student’s t-
measure HO can be rejected in favour of H1, if according to the results of the statisti-
cal analysis the probability of the accidental appearance of the found difference does
not exceed 0,05 or 5%. If the level of credibility is not achieved, then it is impossible
to reject null hypothesis. Let us define the value of temp according to formula 1: [13]

t= (Ml_MZ) (1)

2 o2
51,52
Ni N

where M1 and M2 — the average value of the first and second points; S1 and S2 —
dispersion (standard deviation) for the first and second points respectively; N1 and
N2 — the number of grades of the first and second points. Let us define the dispersion
according to formula 2 [13]:

n Y
52 = 2t 2)
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where (x1 — x2)? — the deviation square of separate values of signs from arithmetic
mean; N — the number of signs. The dispersion is the indicator, which shows how the
grade distribution curve is diffused regarding the value of its arithmetic value. The
calculation of the dispersion of student training level is represented in Table 1.

Table 1. The calculation of the dispersion of student training

< Product
% 3 Arithmetic Deviation of the _ _
o O from ~ number  Dispersion
35 o S o mean . . Deviation of grades
2. o = arithmetic .
=3 5 o o s ) squared ondevia-  yn (x - x,)?
2 ® ¢ g n=-=== vale tion ST=T ny-1
& X1-X2 squared
% Ni (X1-X2)?
0-59 2 5 -0,6 0,36 1,80
n 6074 3 4 9 04 0,16 0,64 44
3 — =26 =0,4889
~ 7589 4 1 10 1,4 1,96 1,96 9
90-100 5 0 2,4 5,76 0,00
0-59 2 0 -1,3 1,69 0,00
& 6074 3 8 33 -0,3 0,09 0,72 1
8 —=33 =0,4556
2 7589 4 1 10 0,7 0,49 0,49 9
90-100 5 1 1,7 2,89 2,89

After the determination of dispersion, let us calculate temp. according to formula 1:

(2,6-33)

t =
emp 04889 04556
10 10

=2,2778 (3)

After the determination of temp. We compare it with the table value. The table value
of t-measure is smaller than calculated (txr.(0,05(2,228)< temp.(2,2778)). Let us build the
axis of significance. (see Fig. 7).

Zoneofno g | Zoneof
significance \Yﬂ - significance
62228 t...22778

Fig. 7. The axis of significance

In this case, the empiric value gets in the zone of significance. Since ty (0,05) <
temp, this indicates that null hypothesis is rejected, the alternative hypothesis is ac-
cepted, namely: the intensity of positive improvements of student progress while us-
ing 3D modeling teaching methods in the content of the “Computer graphics disci-
pline” and the distance learning course exceeds the intensity of improvements of stu-
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dent progress without its usage for the level of credibility 0,05. Relying on the derived
data of the experiment we can affirm that the usage of 3D modeling teaching methods
in the content of the “Computer graphics” discipline and the distance learning course
has positive influence on the development of spatial thinking and skills of shaping,
creative approach and aesthetic perception, which are the components of the graphical
competence of students; influences the development of intellectual potential of stu-
dents, skills of work with 3D processors, improves knowledge required at the labour
market; allows to increase the quality of training of future bachelors of computer sci-
ences. The effectiveness of usage of 3D modeling teaching methods in the content of
the “Computer graphics” discipline is aimed at the development of 3D models for the
gameplay, virtual and augmented realities, in the educational process of training of
future bachelors of computer sciences has found its confirmation according to the
results of the experimental work.

3 Conclusion

The usage of education materials in the process of professional training of future
bachelors of computer sciences is aimed at the development of skills in 3D objects
modeling (game characters, objects, surrounding) is the effective method of the in-
crease of motivation and cognitive interest of students. The learning activity, aimed at
the development of spatial thinking, creative approach and aesthetic perception allows
to bring the training closer to the future professional activity, develop important com-
petences in students: the ability to generate creative solutions, skills to approach criti-
cally to solution of set tasks, to base their own conceptions and ideas, to work in a
team. The application of educational materials with the developed step-by-step algo-
rithm of modeling of 3D objects in contemporary graphical processors on the example
of 3D graphical Autodesk Maya processor makes the training more effective. Taking
into account the actuality of the development of 3D models and surroundings not only
in the industry of development of computer games, but also in the modeling of virtual
and augmented reality, in the movie industry, in the educational process, the usage of
3D modeling teaching methods in the content of the “Computer graphics” discipline
will assist the growth of the creative potential and the rise of the professional signifi-
cant qualities of future bachelors of computer sciences. According to the results of the
pedagogical experiment it has been revealed and proved with the help of statistical
calculations, that the usage of 3D modeling teaching methods in the content of the
“Computer graphics” discipline and the distance learning course in the process of
professional training of bachelors of computer sciences is effective, in which the sig-
nificance of research consists.
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Abstract. The article substantiates the expediency of using the ontological
model of presentation of knowledge, which combines the properties and ad-
vantages of other models of presentation of knowledge and data in the process
of construction, development, processing and application of ontologies. The
analysis of application of systems of computer ontologies has been analyzed
and the criteria of their selection are selected: software architecture and tools
development; functional compatibility; intuitive interface. Determined to be the
most optimal with regards to the training of future pedagogical engineers in the
field of computer technology Protege OWL. The requirements, which are put in
the process of designing an ontological model of representation of educational
resources of the university, are singled out. The ontological model of represen-
tation of university resources used for unified description of knowledge bases
from the point of view of competency requirements (knowledge, skills, skills)
to student learning outcomes with the possibility of constructing repositories of
electronic and educational resources was designed. The set of concepts and set
of relations of computer ontology are presented. The method of filling the onto-
logical base of knowledge of educational resources of the University is pro-
posed. Experimentally, the efficiency of using the proposed ontological model
for representing the University's learning resources in the process of training fu-
ture engineers-educators in the field of computer technologies has been proved
by the indicators: speed of construction under ontologies; number of defects.

Keywords: computer ontologies, knowledge representation, ontological model
of university resources, designing.

1 Introduction

1.1  Setting of a problem

An analysis of the development of modern educational systems suggests that the
amount of human knowledge accumulated today has a tendency to exponential
growth and has long gone beyond the reach of one encyclopedia specialist, even for a
particular part of one branch of science. The paradoxical consequence of such a spe-
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cialization could be the slowdown in the development of science and technology in
general, therefore, there is a need for the emergence of cognitive sciences and the
corresponding knowledge engineering, the achievements of which enable the formali-
zation of a certain field of knowledge through an appropriate information model that
takes into account all objects, their attitude, proven statements about them, and so on.
The answer to these needs is ontology simulation and computer ontology.

1.2 Analysis of recent research and publications

According to most studies in this area, the problem of ontological modeling and the
use of computer ontologies in higher education institutions is very relevant. However,
most scholars focus on using computer ontologies, such as: N. Noy [15], B. A. Lap-
shyn [10], O. S. Narinyany [13], O. G. Yevseyev [22], V. V. Lyubchenko [11]. The
process of developing and using computer ontologies is considered in the works of T.
Gruber [6], T. Jeffrey [7], Y. Ding [3], S. Nirenburg [14], J. Zura [19]. A general
review of the instruments of ontology engineering was undertaken only by O. M.
Ovdey and H. Y. Proskudina [16]. The modeling of the ontology of the educational
subject-based industry as a means of integrating knowledge was studied by O. H.
Yevseyeva [22], V. V.Lyubchenko [11], O. E. Stryzhak [18], I. M. Tsidylo [21].
Modeling the categorical level of the language and ontological picture of the world —
0. V. Palahin and M. G. Petrenko [17]. Ontological representation of the decision-
making processes is Y. P. Chaplynskyy [2]. Using the ontology of the subject area to
eliminate ambiguities in the computer translation of technical texts — A. V. Morentso-
va [12] etc.

The works of the above mentioned authors contributed to the accumulation and
systematization of knowledge for improving the practical training of students on the
creation and use of computer ontology. However, they do not fully disclose the spe-
cialty of ontological modeling in the context of studying in institutions of higher edu-
cation and the creation of ontology of a certain subject field of educational resources
of these institutions.

1.3 Purpose

The purpose of this study is to develop an ontological model for representing univer-
sity resources in the process of training future engineering teachers in the field of
computer technologies.

2 Results of the study

2.1  Prerequisites for ontological modeling

The modern stage in the development of science, education and production is charac-
terized by the development and the use of information technologies based on
knowledge, on the basis of computer technology, the relation of artificial intelligence
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methods in the design of information systems. Currently, one of the prior directions of
the development of information technologies is the transition to working with the
semantics of information [1, p. 221]. In the process of working with semantic data,
based on the facts obtained from the database, users can use logical rules to obtain
new information (new statement). The possibilities and areas of relation of work with
knowledge are expanding.

At the beginning of this century such processes are observed in the development of
the theology associated with ontological modeling. Most research has already formed
an understanding that the use of ontology libraries in the organization of information
processes in the near future will be as widespread as the use of databases now. There-
fore, ontological modeling is the answer to this need, because it allows to look at the
process of designing, development, processing and use of the ontology of the predom-
inant industry, and the development of an ontological model of presentation of uni-
versity resources will allow: simulation of processes in order to optimize them; rapid
receipt of logical conclusions based on a large amount of information in order to sup-
port decision-making; ensuring accessibility for users of large volumes of highly
structured information; solving a number of technical problems, especially in the field
of integration of information systems; automating the annotation of the learning re-
source and reducing the complexity of this process, to accumulate learning resources
and further automate processing in the process of solving search and integration prob-
lems by means of computer ontology systems (COS); designing computer ontologies
of personalized electronic didactic materials describing a plurality of university re-
sources selected on the basis of the student profile, the relations between them, which
specify the order of learning the study material included in the collection, and include
in self-semantic rules for designing didactic materials based on ontology.

In addition, the training of engineering teachers in the profile "Professional Educa-
tion. Computer Technologies" is becoming especially important in the current condi-
tions of social and economic development of the country, which can be explained by
the shortage of competent specialists of the new formation. However, the specifics of
the training of future engineers and eductors of the computer profile is that all disci-
plines of the curriculum can be traced to two interrelated areas of training related to
the field of computer technology: pedagogical and engineering. The practice convinc-
es that the prospective direction of professional training of future engineering teachers
are ontologically managed information systems, the design of which is essential
choice such as a formally-logical representation of knowledge, and sources of acquisi-
tion and renew of knowledge [4, p. 9].

In recent years, the number of tools for working with computer ontologies has
sharply increased (more than 50 editing tools) [10, p. 101]. Therefore, in order to
further design computer ontologies for representing the University learning resources
in the context of training future engineering teachers in the field of computer technol-
ogies, it is advisable to use systemic computer ontologies (COS) [9, p. 61]. Their use
is much to rapid and accelerate the process of designing computer ontologies on the
basis of the proposed model.

In order to decide on the choice of a specific COS, having analyzed the skills of an
engineer and educator and the use of computer ontologies in various fields, we distin-
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guish three main criteria for choosing the COS [10, p. 178-179]: software architecture
and tool development; interoperability covers; intuitive interface.

The choice of the most convenient COS depends first and foremost on the goals of the
developer and the ontology developed, therefore, in the process of choosing COS for
the training of future engineering teachers, Protégé, which meets all the necessary
criteria for their successful practical activity, is the most appropriate means [8,
p. 180].

It is based on a logical model that is designed to create definitions that are relevant
to the informal description. Thus, the definition of complex concepts can be designed
on the basis of simpler definitions. In addition, the logical model allows to find out
which concepts correspond to the given definition and check that concepts and defini-
tions in the ontology are mutually consistent [7, p. 233].

2.2 The justification of the ontological model of representing the university
educational resources knowledge

To implement a model of presentation of knowledge and data, it is expedient to use
the ontological model of presentation of knowledge, which combines the properties
and advantages of other models of representation of knowledge and data (graph mod-
el, tree-based model, relational model, semantic network, framing, logic model, etc.).

Solving the tasks of searching and integrating educational material in a person-
made educational collection can be implemented in the ontological model as a result
of the development and inclusion of the corresponding semantic rules in computer
ontology [9, p. 99].

The ontological model of presentation of university resources (see Figure 1) used
to unify the description of knowledge bases from the point of view of competency
requirements (knowledge, skills) to the results of training students with the ability to
build electronic repositories of the resources will look like:

Onr = <Cnr, Instnr, Rngr, INR>,

where: Cnr — the final set of concepts of subontology of university resources; In-
stnr — a set of instances of classes of subontology, annotated on the ontology of learn-
ing resources, which form a repository of learning resources; Rnr is the set of rela-
tions of subontology of learning resources. Ing is the set of rules of interpretation,
InkR = @.

The learning resources described in the ontological model may belong simultane-
ously to several concepts of the ontology of the university educational resources and
inherit the corresponding properties (attitudes). In the process of describing the con-
tents of the teaching resources of future engineering teachers in the field of IT, the
concepts of the ontology of the subject discipline of the discipline are used, which
allows describing different learning resources in terms defined in the general domain.

The set of concepts of the ontological basis of university resource knowledge of
learning resources is presented in Table 1, and the set of relations is given in Table 2.
The defining areas and the domains of relations of values can be both defined con-
cepts and their daughter concepts within the framework of ontology.
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Fig. 1. Ontological model of educational resources of the university

Table 1. A set of concepts of computer ontology representing the learning resources of the

university

Ontology concept

Parent Concept

Description of the concept

EduResource Thing University learning resources
PCollection EduResource Personalized learning materials
EduResource Educational facilities currently available at an

Learning Object

educational institution
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EduResource

Information resources of the University aca-

Content Object )
demic resources
Book Content Object | List of available books from various subject
areas
Article Content Object | List of scientific articles from various subject
areas
. Content Object | A variety of presentations from various sub-
Presentation .
ject areas
Content Fragment | EduResource Information fragments of university resources
ContinuousCE Content Frag- | Dynamic information fragments of university
ment resources
DiscreteCE Content Frag- | Static information fragments of university
ment resources
GraphicsCF DiscreteCF Graphic elements of the University learning
Resources
ImageCF DiscreteCF Image
TextCE DiscreteCF Text fragments of university learning re-
sources
LinkCF DiscreteCF Links to other training resources
Quote LinkCF Quotes
Reference LinkCF Link to additional information
URI LinkCF Hyperlinks
AnimationCE ContinuousCF Animation elements of university learning
resources
AudioCE ContinuousCF Audio elements of university learning re-
sources
VideoCFE ContinuousCF Video elements of university learning re-
sources
. . ContinuousCF Simulation models and simulation learning
SimulationCF

resources of the university

Didactic object

EduResource

Didactic objects of learning resources of the
university

Lection Didactic object | Lectures on all disciplines

Lab Didactic object | Laboratory work on all disciplines

Task Didactic object | Tasks from all disciplines

Test Didactic object | Tests on all disciplines

Question Didactic object | Test questions from all disciplines

Description Didactic object | Descriptions of all academic disciplines

Example Didactic object | Examples of tasks

Definition Didactic object | Definitions

Competence Thing Competences that are formed when studying
one or another discipline

Complexity Competence Level of mastery of each competency

Language Thing Language of presentation of information

34




Table 2. The set of relations of the computer ontology of the representation of the university
learning resources

Peculiarity Definition [Competence Description
area area

haslInput- EduResource| Competence | The ratio that gives competence is needed to

Competence study this learning resource

hasOutput- | EduResource| Competence | The ratio of competence, obtained as a result

Competence of the study of this learning resource

hasLanguage| EduResource| Language Information presentation language

haslInput- Competence | Complexity | Input level of mastering of competencies

Complexity

hasOutput- | Competence | Complexity | Initial level of development of competencies

Complexity

hasTitle EduResource| string The ratio that specifies the name of the
learning resource

hasURI EduResource| string The ratio that specifies the storage location
of the learning resource (for example, URI)

hasBibRefer- EduResource| string Bibliographic description

ence

2.3

resources

Methodology of filling the computer ontology of university learning

In addition to designing the ontological model of presentation of university learning
resources, we conducted a research on the study and relation of computer ontologies
by future engineering teachers in the field of computer technologies, which covers
both cognitive knowledge of knowledge database and their engineering tools, as well
as the structure of information (a list of its types and interconnections), necessary for
a decision, means of receiving and preparing this information, the procedure for set-
ting tasks for the design of computer ontologies, solving these problems and getting
results. For the implementation of this ontological model, future engineering teachers
need for each annotated learning resource to follow the methods of filling it by fol-
lowing the next steps:

— ldentify the possibility of decomposition of the learning resource. For methodical
instructions for individual laboratory works, presentations for lectures, other edu-
cational resources, the use of which is limited by separate modules of the work
program on a academic discipline, annotation is conducted for the entire resource
as a whole. For teaching manuals and other educational resources, the use of which
is possible in several modules of the work program of the discipline, which have a
large volume and complex structure, it is expedient to decompose such resources
into separate elements (sections) and annotate them as a separate educational re-

source.
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— Create a representation of the annotated learning resource as an instance of the
class of computer ontology of the University academic resources, the correspond-
ing type (Course, Lection, Lab, Task, etc.).

— Describe the name of the learning resource and the language (s) of the information
submission using the hasTitle and hasLanguage relations.

— Describe the bibliographic link for the annotated resource, in accordance with the
references to bibliographic references using the hasBibReference relation.

— On the basis of the analysis of the learning resource and the first stage of the com-
puter ontology of the discipline developed, identify the competencies gained in the
process of learning about the other learning resource and the level of mastering
them (high, necessary, critical or low). Describe them as instances of the Compe-
tence classes, linking the created instances to the relation with the corresponding
instances of the description of the discipline and the relation isOutputCompetence
in the computer ontology of the university learning resources. The level of posses-
sion of each competence as a result of studying the resource is determined by the
relation hasOutputComplexity.

24  Results of the experiment on the feasibility of using the proposed
ontological model

An experiment was conducted on the basis of the engineering faculty of the TNPU
named after V. Hnatiuk in the process of realization of the designing method using the
Prototype (COS), in which 50 future teachers in the field of computer technologies
(25 experimental group and 25 control group). The assessment was carried out ac-
cording to the following indicators: speed of designing subontologies; number of
defects. For the students of the experimental group, the process of designing the com-
puter ontology of university resources was carried out on the basis of the proposed
ontological model and methodology based on the use of COS (in our case Protégé).
The students of the control group carried out the design of the computer ontology of
the University educational resources without using the model and using declarative
programming languages.

The design of the computer ontology of the University learning resources, both in
the control and experimental groups, was conducted modularly, that is, it was devel-
oped as a set of small modules (subontologies), which were later developed for the
formation and use of one modular ontology. Like the learning process, the ontology
design (ontology extraction, generation of ontologies or ontology acquisition) is an
automatic or semi-automatic creation of ontologies, including obtaining the concepts
of the corresponding domain and the relation between these concepts from the block
of the natural language text and their coding with the ontology language for easy
search. Therefore, each student (experimental and control group) built 1 subontology
of educational resources for a particular discipline, which then were merged into the
computer ontology of university resources. Therefore, as a result of the experiment,
future engineering teachers in the field of computer technology built on one of the
ontologies of the university academic resources for each of the groups.
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In the process of designing subontologies, students use general concepts that are
sufficiently defined in one ontology, while they are available from other ontologies,
which avoids over-describing objects by reusing already-defined concepts. It will also
make it possible to simplify semantic rules for the search of learning materials.

Comparison of the process of designing computer ontologies of university re-
sources by students of experimental and control groups was carried out according to
the following criteria:

e The speed of design of subontologies. Between the future engineering teachers of
the control (students) and experimental groups (25students), 25 disciplines were
distributed with the corresponding learning resources, on the basis of which stu-
dents had to build ontologies, and the time taken for the students of each of the
groups for these 25 subontologies, which should be included in the ontology of the
university educational resources. The results show (Figure 2) that students of ex-
perimental groups cope with this task faster 2.5-3 times on average.

4,50

Time of subontology design
= = o~ ~ w w Kl
[=] wu (=] o [=] w [=]
o (=] (=] (=] (=] o o

o
n
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o
=}
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Number of a subontology

Control Group Experimental Group

Fig. 2. Comparison of the speed of designing subontologies by students of control and experi-
mental groups

o Number of defects. The study of this indicator took place on the basis of the analy-
sis of 25 constructed subontologies, which, in aggregate, give an ontology of uni-
versity resources. According to the results of the analysis (Figure 3), it has been
found that future engineering teachers in the field of computer technologies of ex-
perimental groups, in the training of which the proposed ontological model of the
representation of university resources and the method based on the use of COS (in
particular, selected during the Protégé analysis) has considerably fewer defects
(almost 3 times) than that by the students of the control groups who have been de-
signing the computer ontology of the University academic resources without using
the model and by means of declarative programming languages.
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Fig. 3. Comparison of the number of defects in the subontologies constructed by students of
control and experimental groups.

3 Conclusions and perspectives for further research

— The ontological model of representation of the university learning resources is
proposed, on the basis of which future engineering teachers in the field of comput-
er technologies will be able to automate the annotation of the learning resource and
reduce the complexity of this process, to organize training resources and further
automate processing in the process of solving search problems and integration by
means of COS, which meets the requirements of the model of presentation of
knowledge. It is appropriate to use this model for a unified description from the
point of view of the competence requirements (knowledge, skills, abilities) to the
results of training students with the ability to build repositories of electronic educa-
tional resources.

— In the process of analyzing the COS and selecting the methodology for designing
computer ontology of university resources, it has been discovered that Protégé,
which meets all the necessary criteria for their successful completion, is the most
optimal means for the training of future engineering teachers in the field of com-
puter technology practical activity. A methodology for filling this ontology is pro-
posed, which includes: determining the possibility of decomposition of the learning
resource; creating the presence of annotated learning resource as an instance of the
class of computer ontology; creating a description, the names of the learning re-
source and the languages of the presentation of information; creating a description
of the bibliographic reference for the annotated resource; the ability to identify and
describe the computing skills gained in the process of learning about a learning re-
source and its level of mastery.
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We have experimentally verified the effectiveness of the proposed ontological
model of representation of the University learning resources in the context of the
training of future engineering teachers in the field of computer technology on the
following indicators: 1) the speed of designing subontologies; 2) the number of de-
fects. On the basis of the analysis of the results, it should be noted that according to
all the criteria the students of the experimental group, where the process of design-
ing the computer ontology of the university resources was carried out on the basis
of the proposed ontological model and methodology based on the use of COS (in
this case Protégé) higher, than the students of the control groups who carried out
the design with the help of declarative programming languages.

The continuation of scientific research on the given problem is expedient in the
investigation of the dependence of constructed hierarchies of concepts and con-
cepts in the computer ontology of university resources and the development of on-
tologically managed information systems on their basis.
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Abstract. The article is devoted to the problem of supporting the course of
solving tasks in geometry in systems of computer mathematics of educational
purposes. In the work: - the mathematical model of the learning geometric task
is defined; - the object-oriented approach to the description of mathematical
models of geometric training modules is presented; - the methods of supporting
step-by-step solving of learning geometric task are proposed; - the classification
of elementary transformations in geometric subject modules is proposed; - the
implementation of the concept of support for the solution of geometric tasks in
the systems of computer mathematics of educational purposes is illustrated. Ob-
ject-oriented analysis of the problem revealed three major classes of transfor-
mations of geometric objects. These are constructors, selectors, and converters
(elementary geometric tasks).

Keywords: Systems of computer mathematics for educational purposes, learn-
ing geometric task, computer software, support of learning processes.

1 Introduction

The quality of mastering mathematical knowledge largely depends on the student's
practical mathematical activity. This is the main form of educational activity in the
study of disciplines based on mathematical models and methods, and is to solve learn-
ing mathematical tasks.

Review most domestic and foreign software for educational purposes in mathemat-
ics (GRAN, DG, Geometer’s Sketchpad etc.) reveals the lecture part of the course is
the maximally advanced one from both methodical and technical points of view [16,
17]. But practical functionality of these software tools is limited. Educational purpose
practical mathematical activity is to construct the course of solving the learning math-
ematical task, but not to receive an answer [9].

The function of supporting the process of solving the learning mathematical task
(LMT) is realized in the concept of systems of computer mathematics for educational
purposes (SCMEP).
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SCMEP is a programmed educational system for exact and natural educational dis-
ciplines that uses mathematical models and methods of subject areas based on tech-
nologies of symbolic transformations and methods of computer algebra.

The general theoretical and methodological foundations, the formulation of func-
tional requirements for SCMEP and the development of a model of SCMEP as a sys-
tem for supporting learning processes based on the analysis of actual forms and pecu-
liarities of learning processes in precise disciplines are described in [3-5].

2 The outline of the problem

The implementation of the tasks of supporting the solution of LMT requires the defini-
tion of a mathematical model of LMT in the framework of a mathematical model of
the training module and the construction of appropriate algorithms of computer alge-
bra.

The SD curriculum is defined by the quadrants SD = <2, MM, ET, Task>, where X
- own signature of the training module, MM - list of models of the training module,
ET - list of own elementary transformations of the training module, Task - a class of
learning tasks, which defines the content of the SD.

The educational task P is determined by the list of mathematical models of the
training module MM, the relation of the dependence ¢ between the models and their
elements (the condition of the task) and the questions of the task Q:

P =<MM, ¢, 0>. 1)

The scope of application of models of the module is mathematical discipline. Each
of the mathematical disciplines has its own class of LMT. Of course, mathematical
models of LMT, depending on the mathematical discipline, have their own peculiari-
ties.

Mathematical models and methods for solving algebraic tasks in computer science
mathematical systems are described in [6, 15]:

- functional requirements for activity environments supporting the solving of edu-
cational tasks in algebra are developed;

- definition of the concept of a training module in school algebra (signature, list of
mathematical models, list of own elementary transformations);

- definition of the concept of LMT in algebra, algebraic object, types of LMT in al-
gebra;

- the main specific tasks of supporting the step-by-step solution of the National
Academy of Sciences are described.

The problem of this study can be formulated as a study of the specifici6y of the
construction of mathematical models of learning geometric task, formal tasks support-
ing the process of solving the learning geometric task in the SCMEP and its imple-
mentation in the SCMEP.
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3 Results

Model of educational geometric task. Under the learning geometric task (LGT), un-
like school algebraic tasks, we understand the task that is formulated in terms of geo-
metric objects, which is the subject of study and is supported by SCMEP. Learning
geometric task as well as LMT in algebra are determined and solved by analytical
methods. The peculiarity of LGT support is that the geometric object and the elemen-
tary transformations of the LGT can be interpreted geometrically, and therefore
should be reflected in the corresponding graphical interpretation.

In order to implement the support of the solution of the learning geometric task, it
is expedient to introduce the notion of a mathematical object. A mathematical object
is: an algebraic object (40) and a geometric object (GO).

Algebraic objects are numbers, variables, numerical and symbolic expressions, de-
terminants, matrices, equality, inequalities, systems, sets of equalities or inequalities.

Primitive geometric objects (PGO) is the point of the plane and space, lines, curves
2-order curves in polar coordinates, surface 2nd order.

Primitive geometric object (PGO) is defined identifier (/D) and algebraic object for
this syntax: PGO:: = <ID> (<A0>).

Algebraic objects that determine the PGO are equations, inequalities, systems of
equations or inequalities.

General definitions of PGO, except for variables, include alphabetic designations
of AO coefficients - its general parameters. The general parameters of the PGO are
the alphanumeric coefficients of the algebraic object that determines it.

Mathematical models of geometric modules. The structure of the geometric learn-
ing module is defined in the framework of the object design paradigm. Each PGO is
an instance of the class.

For analytic geometry on a plane, these are the classes Point, Line, Curve2, Circle,
Ellipse, Parabola, Hyperbola. The Curve2 class defines the PGO curve of the 2nd
order. The PGO Hierarchy of Inheritance allows to distinguish general and specific
signatures, models, elementary transformations and standard learning tasks.

[ Ellipse | | Parabola | [ Hyperbola |
7

Circle

Fig. 1. Fragment of the tree of the classes of the module "Curves of the 2nd order"

Definition of the PGO class contains, in particular, the 40, which determine it.
Class PrimitiveGObject(

CoordinateSpace Varset; 7 (x ),
Variable ID; /1
AlgObject F(x,y),

Virtual CartesianSpace Draw();

i
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Here is an example of a straight line class definition.
Class Line :: PrimitiveAnalGeomObject (
Canonicalforms (

Genequa *x +b *y =c, // general equation

Canequy =k *x + b, // canonical equation
Segmequx/a+y/b=1, // the equation in the segments
).

)i

Thus, the classes determine, in particular, various algebraic objects (general canon-
ical forms), which, in turn, determine the geometric objects of the class.

Definition of the class of PGO allows you to list the various forms of algebraic
representation of the GO, to indicate the parameters in letters, thereby defining the
functions of access to the parameters, as well as their geometrical predictions. In addi-
tion, the class defines the specifications of the functions of algebraic transformations
PGO.

A composite geometric object (CGO) is determined by the name, a set of PGO and
the relationships that determine them. CGO are, in particular, punctures, directed
segments, angles formed by rays, triangles formed by point-vertices, etc. The ray is
determined through straight line, point and inequality. Directional segment is an or-
dered pair of points. The angle is a pair of beams with a common point. A triangle is a
triple point.

From the point of view of the object-oriented programming paradigm [10], the
CGO is defined by the aggregation classes and, possibly, the relationships between
them and their parameters. Example:

Class Segment = (Point A, Point B);
Class SemiLine = (Line I, Point A)((4 in ) &(x >= x4)).

Parameters of a composite object are marked by qualified identifiers. For example,
if D is a triangle, the coordinate x of its vertex A has the xp 4 identifier.

Classes of the CGO contain the definition of class member functions (transfor-
mations) that characterize the corresponding CGO. For example, in the Segment
class, you should define the segment's characteristic as its length.

Length(A,B) = Sqrt(Sqr(xsg — x4) + Sqr(ys —ya))

Apart from the classes of primitive and complex objects, the domain analytic ge-

ometry also defines elementary transformations - operations on objects. Example,

y_yA — X_XA ))

LineAB(A(X,, Y 4) B(Xg > Yg ), (=—
Yo =Ya Xg =X,

is a transformation that defines a direct plane passing through two points.

The result of an elementary transformation may be several objects. So, the intersec-
tion of a circle and a straight line determines either two points, or one point, or none.

The names of the GO, whose mathematical models are defined, are used in the
CGO constructors as variables whose values are the corresponding mathematical
models.

Each specific LGT can be formulated in terms of model, condition and question in
the form (1):

Given: list of geometric objects; list of relations between them.
Find.: a list of objects (geometric, algebraic, logical).
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The LGT model is a GO or a set of GO and AO. The task /D is the service word
Task with the task number in parentheses. Example:

Task 1. The distance between the points A (-2; 5) and M (x; y) is equal to three
units of scale. Determine the coordinates of the point M if A and M are located on a
straight line parallel to the abscissa.

Given: Points A, M, with | AM| = 3, X4 = Xum.
Find: Point M.

Hence the formal definition LGT: Task(l) = (MM, ¢, Q), where MM = (4 (-2; 5) &
M (x; y)) — mathematical model, ¢ = (|AM |= 3)&(v4= yum) - condition, Q = M - ques-
tion (denoted as ?M).

To solve this task, it is necessary to determine the length of the segment:

| AB| = Length(4, B) =\/(xB X, )+ (Ys —Ya) -

Substituting an algebraic object instead of its name into a mathematical model of a
task defines a complete algebraic model of the task:

Xy =—2
{YA =5
Xy = X
bl
VO =X)7 +(Yy —¥a)* =3
Ya=Ym

The solution of the task can now be obtained by solving the systems of algebraic
equations.

That is, the solution of LGT is carried out in terms of the simplest tasks, which are
elementary transformations of analytic geometry, and algebraic transformations.

Support for a step-by-step solution to LGT. The introduced concept of the mathe-
matical model of LGT allows us to investigate the problem of supporting the course of
solving LGT in SCMEP.

LMTs are used to support the step-by-step solution in SCMEP using equivalence
inference - an example based on the application of the rules of rewriting [1,2], is
investigated in [6]. This type of inference naturally represents the course of the solu-
tion for LMT in algebra.

In order to support the course of solving LGT, it is proposed to use both an equiva-
lence inference and a logical inference, since the mathematical models of LGT essen-
tially use logical and algebraic means.

The course of the solution of LGT has two stages: the stage of compilation of the
mathematical model and the stage of transformation of the model.

At the first stage the user must enter into the program the condition of the task. For
LGT, the first stage plays a methodically important role. At this stage, support for user
actions is to verify the mathematical model of the task [14]. Technologically, this is
implemented in a separate window "Building mathematical model", which opens with
the Start Solution command (Fig. 2). The Verify command has the function of verify-
ing the correctness of the model.
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Given: A(-2;5)
M(x; y)

lam| =3
y=5

Find : x

[ Compose 1| [_verinv |

Fig. 2. Window "Building mathematical model" (schematic)

The implementation of this function requires:

1) the presence in the condition of the task of the correct model of this task and the
answer (hidden from the user of the formal model (1));

2) implementation of the algorithm for comparing the model constructed by the us-
er with the model or answer given in the condition of the task.

These requirements, in turn, require that the text of the task conditions all the sym-
bols needed to formulate the mathematical model of the task.

The presence in the condition of tasks hidden from the user model of the task al-
lows to automate the process of testing and debugging the text of the software module
"TaskBook", as well as implement the function of composing the task model in soft-
ware system (command Compose). Thus, if the user can not make a model of LGT
independently, the system will perform this action itself.

The second stage - the stage of step-by-step solving is to form the course of the so-
lution in the form of a sequence of transformations of the model of the task. The in-
ference is a sequence of triples

(M, 0, MY), (Mo, 12, M), ..., (M, 6, M), ..., (My, ta, M) 2

where M;, M} — mathematical object , ¢ - their transformation.

The problem we will discuss below is to define a complete, consistent and method-
ically correct list of transformations that support inference (2) and implemented as a
structure of commands (references) that form the contents of the software module
(SM) "Guide". This module, in turn, is used in the SM "Medium of Solving".

According to the definition of the GO, the SM "Guide" should contain both geo-
metric and algebraic transformations, that is, the section "Transformation of algebraic
objects", which contains equivalent algebraic transformations, the classification prob-
lem of which was investigated in [6,13], and the section "Transformation of geometric
objects", which, in fact, contains the transformation of geometric objects.

Elementary transformations of geometric objects. Analyzing the problem from
the point of view of the object-oriented programming paradigm, we distinguish trans-
formation-constructors and transformation-selectors.

Transformation-constructor PGO builds PGO for its algebraic definition. Thus, the
corresponding transformation has the specification # : 4O = PGO.

In sequence (2), this transformation is represented by a triple (40, ¢, PGO). If the
AO conversion argument is allocated during the solution, the PGO is entered into the
solution as its last (new) row. In Fig. 3 shows the selected equation in the Sth line of
the solution and the transformation-constructor of a straight line by its equation, the
result of which is entered into the course of the solution as the 9th row.
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The course of the solution Reference

e Construct a straight line for its
5. Convert the equation: y=2-x+1 I equation

9. Construct a straight line | by the Highlight the equation of the line
equation (5):  l(y=2-x+1) F(x, y) < I(F(x, y))

Fig. 3. A fragment of the course of the solution of the LGT

Transformation-selector allocates one or more objects that are included in the defi-
nition of the GO. Constructors and selectors, as a rule, can be interpreted as one refer-
ence that contains mutually inverse transformations (Fig. 4).

Reference
@ Construct a circle according to its parameters

()  Highlight circle settings

a, =a
l(r-a) + (- b =) & b =b
n=r

Fig. 4. Reference — constructor and selector circle parameters

Transformation-definition introduces AO - definition of GO. For example, in the
course of the solution of the LGT, we can include the definition of the tangent line to
the function y = f(x) at point 4 (Fig. 5).

Reference
Equation of tangent line L to function graph G (y =f (x)) at the point 4

L (y-ya) =f"0a) (x - xa)

Fig. 5. Transformation-definition of a tangent line to the function graph

The transformation of the CGO, whose classes contain the definition of additional
objects, are described by the reference-selectors of additional objects.

We separately note the necessity of the constructor and selectors of such algebraic
objects as the equation, the system of equations, and the aggregate of equations.
These transformations should be part of the Algebraic section of the SM "Guide".

In addition to the transformations of the classes of GO, one must identify elemen-
tary transformations - operations on objects, so-called elementary tasks of analytic
geometry. For example, a Point x Point = Line transform, which defines a straight
line passing through two points (Fig. 6).

Reference

Calculate a straight line equation that passes through two points
X=Xp Y= Ya
XB_XA_yB_yA)

A, B=(

Fig. 6. Conversion — basic task of analytical geometry
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Logical transformations - the transformations of the type GO X GO = Bool return
the value True, False. These transformations solve the tasks of the mutual position of
the GO - the parallelism (the perpendicularity) of the straight lines, etc.

A special particular type of transformation is the isomorphic transformation of GO.
They include: elementary transformations of the Cartesian plane or space, transfor-
mation of the transition to a polar coordinate system on a plane or transformation of
the transition to spherical or cylindrical coordinate systems in space, transformation
of the transition to vector algebra.

In the analytic geometry on the plane the following elementary transformations are
used: parallel transfer, turning to the angle, stretching / compressing.

Both methodically and technically, these transformations should be realized in two
forms: as an elementary transformation of a geometric object and as an elementary
transformation of a plane. The transformation of the GO is to construct a new GO in
the "old" xOy coordinate system. For example, a parallel transfer of a GO is defined
by the transformation

I(F(x,y)=0)=>m(F(x+a,y+b)=0).
The parallel transfer of the xOy plane is determined by the transformation
I(Fx,»)=0)=> I(F(x' +a,y +b)=0)&x'=x-a,y' =y-b.

In the first form the result is a new object. Consequently, it is determined by the
new ID and the new 4O. The coordinate system remains "old". The second form
changes the coordinate system and the 40. ID of geometric object is advisable to
leave. The graphic illustration of this transformation form is to create a new Cartesian
plane - the plane x'Oy" and the reflection of the GO in a new coordinate system.

The transformation of the transition to the polar coordinate system associated with
the xOy system determines the transformation

I(F(x,y) =0) = I(F(p - cos(¢), p - sin(¢)) = 0).
The inverse transform has the form

I(F(p, @) = 0) = I(F({/x* + y? , arctg(y/x) = 0).

The transformation of the transition to vector algebra. The solution of a LGT by a
vector method consists in constructing a task model in the form of a formula in the
signature of the Euclidean space and solving the task by algebraic transformations of
this formula. Conversion of the transition to the vector method consists in the applica-
tion the type of a reference (Fig. 7).

Reference

Consider the vector
A,B=>a=AB

Fig. 7. Reference - Transformation of the transition to vector algebra
The further course of the solution of the LGT should be based on the list of trans-

formations-definitions of vector geometric formulas and transformations-formulas in
the signature of the Euclidean space. The list of definitions of vector geometric ob-
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jects determines the completeness of the “Guide ” from the section "Vector method in
geometry". Here is an example of this section of the Guide:

Vector method in geometry / Vector properties of geometric shapes

* Axiom of a directed section: AB = -BA

» Axiom of the triangle ABC: AB + BC = AC, etc.

Transformation in the Euclidean Space

1. Axiom Euclidean vector space

I Theorems of geometry

* Definition of the scalar product: (a,b) = lal-1b]-cos(a,b).

« The cosine theorem: | 4B|? = |BC|2+ | AC|?+2-|BC| -1 AC| -cos(BC,AC), etc.

A more detailed analysis can be found in [11]. The basis of the formation of sec-
tions of the “Guide” was chosen [12].

Inference in geometric modules. If the model of LGT is represented in the form of
one formula, the course of its solution, in principle, can be obtained as a result of the
equivalence inference (2). However, the submission of the terms in this form is not
accepted. It is generally acceptable to formulate the condition in the form of a list of
primitive conjuncts that specify the relationship between the PGO parameters of the
condition of the task. Here is an example of the application of the mathematical meth-
ods and models for a geometric task.

Task 2. Compose the equation of the tangent to the graph of the function y = x* + 1
at the point A with abscissa x = 1.

Given: 1. Graph F(y = x* + 1).
2. The point A(1, y4).

This condition must be supplemented by definitions by using the following ele-

mentary transformations-definitions:
3. Point 4 belongs to the graph F: y, = x4+ 1.
4. Equation of tangent line L to graph F in point A: L(y - y4) =f"'(x4)(x - x4).

Rows 1-4 of the solution are a model of the task:

Fy=x>+ D&A(L, y)&(ya = x4 + DEL(Y - ya) = f'(xa)(x - x4).

Consequently, the step of inference (solving) depends on the data presented in the
previous steps. To execute it, the user must specify the appropriate lines, find the
transformation in the “Guide” and apply it.

Realization. The scientists of the Department of Informatics, Program Engineering
and Economic Cybernetics of the Kherson State University under the guidance of the
professor M. Lvov are engaged the implementation of the concept SCMEP.

Here are some SCMEP created by order and recommended by the Ministry of
Education and Science of Ukraine (copyright certificates [7-8]):

- Program-methodical complex «TerM VII» of the support of a practical mathe-
matical learning activity;

- Software tool "Library of Electronic Visual Aids Algebra 7-9 grade for secondary
schools in Ukraine";

- Pedagogical software tool "Algebra, Grade 7";

- Software tool for educational purposes "Algebra, Grade 8";

- Integrated environment for the study of the course "Analytical geometry" for
higher education institutions; and others.
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Features of the support of the course of solving LMT in algebra and the principles
of classification of elementary algebraic transformations for school algebra on the
example of the program module (PM) "Guide" of TerM VII is considered in [6].

The concept of supporting the course of solving geometric tasks in SCMEP is par-
tially implemented in TerM VII-IX, since the content of the course of school algebra
presents educational tasks that contain elements of analytic geometry and are formu-
lated in terms of geometric objects.

In TerM VII-IX there is a program module " Graphs", which is intended for the so-
lution of LGT and LMT in algebra by graphic method. In it, it is possible to formulate
an algorithm for solving a task in the form of a sequence of commands defined by the
references of the PM "Guide" of the PM "Graphs". Its content is a structured list of
elementary transformations of this mathematical model of the training module.

The PM "Guide" contains the following references:

Section Formula-Graph

1. Construct a point 4A(x; y) by its coordinates,
2. Construct a straight line ax + by + ¢ =0, etc.
Section Graph-graph
1. Conduct a straight line passing through two given points,
2. Find the point of intersection of two straight lines, etc.
Section Graph -Formula
1. Find reproduction of the coordinates of the constructed point,
2. Find the equation of a constructed straight line, etc.
Section Converting Function Graphs
1. Parallel movement in the direction of the abscissa axis x => x —a,
2. Stretching (compression) from the abscissa axis x => kx, etc.

The use of the "Graphs" for solving a system of linear equations graphically and an

algorithm for solving it using references of the “Guide” are illustrated in Fig. 8.

D Y ot
-
2x03x - S Polata and staight liecs
STxey . 2,6
Points and straight limes

The poist 4 has coordineses
14 201

[
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P DOV =S) Kax:by « ¢) - >Graph
Comnet apoie. €072 ST
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Conuruct & pobet D(l:—‘r.) Fird oy coor drates v e
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Fig. 7. Graphical method of solving the system of linear equations
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We note that often the course of the solution of the LGT can be described as the
language of algebra, as well as in the language of geometry ("find the intersection of
the GO" or "solve the system of equations").

The proposed methodology was verified experimentally during the introduction in-
to the educational process of “Integrated environment for the study of the course "An-
alytical geometry" in higher educational institutions of Ukraine. The experiment
showed that the study of the course "Analytical geometry" provides a higher level of
mathematical competence in the students of technical specialties [18, 19].

4 Conclusions

Practical mathematical activity of the student is the main form of educational activ-
ity in the study of mathematics. It consists in getting the course of the LMT solution.

In the work:

- the mathematical model of the LGT is defined within the framework of mathe-
matical model of the training module and construction of the corresponding algo-
rithms of computer algebra.

- the problem of forming a complete, non-contradictory and methodically correct
list of transformations, by which one can carry out logical derivation, as a step-by-
step solution to LGT, is solved.

- mathematical models of methods for supporting the solution of LGT in SCMEP
are constructed.

Object-oriented analysis of the problem revealed the main classes of transfor-
mations of geometric objects (constructors, selectors and converters (elementary
tasks)).

Obviously, in addition to algebra and geometry, this approach can be applied to
such subject areas, where the content of educational tasks is the formal properties of
interacting objects (physics, engineering, etc.).
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Abstract. Needs of digital transformation requires specific flexibility from
modern universities to ensure the society demands implementation through in-
novative teaching and IC-technologies. Modern universities create a digital
learning environment to support studying activities. This research presents an
experts’ estimate of the current condition and perspectives of universities digital
studying environments in Ukraine. We verified the theoretical model structure
of the university digital studying environments by means of the empirical data
factor analysis. We studied the components of the existing learning environ-
ment and enabling environment and compared them to the results of our previ-
ous research. We proved the digital learning environment theoretical model was
correct. We proved that visions of students and teachers correspond to the key
trends accelerating higher education technology adoption. We assume the digi-
tal learning environment development benefits overcoming significant chal-
lenges impeding higher education technology adoption.

Keywords: Digital Learning Environment, University, Survey, Factor Analysis,
Education.

1 Introduction

The biggest digital transformation ever occurs right now. Unfortunate countries and
enterprises those won’t be able to adapt are done for. The Global Competitiveness
Report 2018 claims that the promise of leveraging technology for economic leapfrog-
ging remains largely unfulfilled [1, p.9]. A number of organizations require help to
envision, structure, and sequence successful digital transformation efforts [2]. Strong
institutions are a fundamental driver of both productivity and long-term growth. Their
benefits extend well beyond economics, affecting people’s well-being on a daily ba-
sis. Thus the question of the educational system improvement and transformation
becomes more than urgent, as it’s connected to preparing the competitive profession-
als at the observed tendency for digital technologies development [3].
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Needs of digital transformation requires the flexibility of modern universities to
ensure the implementation of society demands through innovative teaching and IC-
technologies. Leveraging these technologies requires not only the creation of the
digital learning environment [4], but also changes in the educational process.

The tools to assess competitiveness, along with traditional concepts (such as ICT
and physical infrastructure, macroeconomic stability, property rights, years of school-
ing) become crucially important concepts those go in a row with an entrepreneurial
culture, multi-stakeholder collaboration, critical thinking, and social trust [1, p.7]. All
these factors together influence the universities’ competitiveness. Under a condition
of the education system digital transformation enabling environment is meant to be-
come the university digital learning environment (DLES) with its following integra-
tion to the global digital environment.

Digitalization of the educational environments will improve the university compet-
itiveness, that is important both for the students who decide on what university to
choose and for the universities interested in attracting potential students, best teachers
and researches, investments and grants.

This research aims to prove the theoretical model of the university digital environ-
ment structure and evaluate its relevance and perspectives for universities in Ukraine.

2 Theoretical Background

Existing research studies in higher education proved that it’s easier to engage students
to learn with when ICT [5, 6]. The universities’ key priority is improving their digital
environment, that would support new academic policy, practices and technological
landscape [7]. Accepting the digital learning environment in many ways depends on
the educational trends and the most recent educational requirements. However, the
technologies are also important for DLEs development. Digital learning environments
include any set of digital tools and technology-based methods that can be applied to
support learning and instruction [8]. We can claim that DLE is a next stage for the e-
learning environment and the virtual learning environment [9], however, some re-
searchers use these terms as synonyms. Universities and non-commerce organizations
research on designing and developing digital learning environments and their effectiv-
ity. The digital learning environment Manifesto from the Edutainme aims to proclaim
the principles of how to create digital learning environments, where the student will
be a performer of his own learning, entitled to influence his own growth [10].
DUCAUSE (e.g., https://library.educause.edu/topics/teaching-and-learning/next-
generation-digital-learning-environment-ngdle) helps elevate the impact of IT, thus
the next generation digital learning environment (NGDLE) concept seeks for a bal-
ance between the openness of learning and the need for coherence in the environment
and emphasizes personalization, collaboration, and accessibility/universal design — all
essential to learning.

The university digital learning environment on different levels can be indicated by
electronic scientific and educational resources, communication in the scientific and
educational environment, management of scientific and educational activities, the
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formation of new scientific and educational relations, competences. An international
Project IRNet studied its participants' evaluation indicators of the digital environment
in various universities and 1C-competencies [11].

Herewith, the projects on improving the digital learning environments require both
the teachers and students to participate in
(https:/iwww.plymouth.ac.uk/news/connect/spring15/digital-learning-environment).
As soon as the students order educational service, and the teachers are responsible to
provide these services at a great level, they become the categories to ask for an expert
estimate of the higher education level and its components [12].

This assumption corresponds to the quality management principles of ISO quality
management standards [13], namely QMP 1 — Customer focus and QMP 3 — En-
gagement of people.

3 Methodology of Research

3.1  General Design

There exist various approaches to define the university digital environment compo-
nents [14]. This paper considers the university digital learning environment as a clus-
ter of components, which structure was modeled and proved by Ukrainian researcher
L. Panchenko [15]. The author distinguishes such components as available equipment
and Internet access (Space-semantic component), students and teachers information
competency (competency component), communication, and organization of the learn-
ing process (technological). As far as the received results validity depends on the
research reproducibility [16] we conduct the repeated expertise on the mentioned
components, taking into account the changes occurred lately. The MC Horizon Report
claims there exist consistent educational trends, new trends appear all the time, and
some trends and issues reappear over time [3, pp. 4-5]. For example, the need in
growing focus on measuring learning and redesigning learning space is still immedi-
ate. The requirements to the open educational resources (OER) and their proliferation
change the requirements of cross-institution & cross-sector collaboration; rise of new
trend. The new forms of interdisciplinary studies step forward. The modern universi-
ties react to the changing requirements. The technology development (open source
software for scientific communication), wider access to the external resources (scien-
tific platforms and databases), rising demands and educational requirements from the
students and such objectives as academic mobility and scientific cooperation, includ-
ing the international cooperation, lead to specifying the components of the suggested
theoretical model. The common tendencies rely on the transformation of the educa-
tional and information environments into the digital one, information competency into
the digital competency, communication in education, that is not limited to the univer-
sity environment. Scientific researches in the field of advancing cultures of innova-
tion, advancing digital equity plays an even more important part.

55



To understand the attitude of the Ukrainian teachers and students to the universi-
ties’ digital learning environment we put together a set of the theoretical model com-
ponents.

- Space-semantic: Available Internet access, good traffic, equipped studying
rooms, hostings, and educational platforms, particularly LMS, e-library, institutional
repository, e-conference system, access to the wiki-portal and corporate accounts, etc.

- Technological: educational resources integration (e-library, OJS edition, reposi-
tories, etc.), content development and delivery, access to the external educational
sources, scientific databases, well- organized consultation and expert estimation sys-
tem, creating the educational program according to the educational requests from the
students, monitoring and tweaking the processes of using the environments for indi-
vidual work, applying e-learning, project-based learning, blended learning, collabora-
tive learning, combined formal and informal learning, shared research work, etc.

- Communicative: scientific and educational communication through email, cor-
porate resources (websites of departments professors, and conferences, corporate
clouds, e-libraries, etc.), external resources (social networks and services, forums and
communities, e-conferences, etc.), consulting, experts’ evaluations.

- Competency-based: the level of digital competencies through self-evaluation,
peer-to-peer evaluation, e-portfolio, achievements recognition, motivation and train-
ing those who can improve the level of digital competency.

The authors of the article claim, that the defined challenges impeding higher edu-
cation technology adoption can be solved by building and applying the digital learn-
ing environment. Thus, the digital learning environment contributes authentic learning
experiences, improving digital literacy, adapting organizational designs to the future
of work, advancing digital equity.

Research Tasks:

1. Provide a theoretical model of the university digital educational environment ex-
pertise and to build a statistical factor model of the university digital environment.

2. Analyze if the digital educational environment of the Ukrainian universities corre-
sponds to the digital and educational trends.

Assumptions:

1. The digital environment model planned to build using the statistical methods and
models corresponds to the suggested theoretical model.

2. The universities digital environments development reacts to modern technologies
and educational trends. That is also one of the tools to overcome the challenges
impeding higher education technology adoption and to improve on the higher edu-
cation quality.

3.2 Instruments and Participants

We performed the expert estimate of the university digital environment by means of
online inquiry and in-depth interview (in case if we needed elaborateness). We dis-
tributed the survey (https://forms.gle/7Th56MAXf5JAGQ9Eh6 ) with mailout and spe-
cific-purpose contacts with the educational institutions.
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To perform the expertise of the university digital environment for our research we
invited masters and teachers (professors) from the best universities of Ukraine (where
70% are research universities). Mostly, our respondents’ occupations lie in the field of
Mathematics, Computer programming, IT (28%), Education (22%), those are consid-
ered to be the top-priorities in Ukraine. The age, gender, and positions of the sampled
population represent the real situation in the educational institution: there are more
students and teachers, the age of students and teachers corresponds to the age-grade in
general, there are more women among the respondents that is natural gender correla-
tion for the educational institutions in Ukraine. The research didn’t take into account
the connections between the features, fields of occupation and the educational institu-
tions, that is why it can’t be considered from that point of view. Mostly, our respond-
ents had assessed to the computers and to the international scientific databases. The
non-sampling error on the studied features didn’t exceed 9% (123 person). The full
list of the estimated features that reflect personal data of respondents is provided in
Table 1. Every feature has calculated beforehand descriptive statistics and constructed
frequency distributions.

Table 1. The main characteristics of the respondents

Feature Category of Meaning Percent / I.)e.script'ive
a feature statistics
Gender 1 Male 26,00%
2 Female [ 74,00%
Status }’ Student (Magister) E b
2 Teacher (Professor) 41,00%
1 National University of Life and Environmental 40,00%
2 Boris Grinchenko Kyiv University 20,00%
3 National Aerospace University "Khal" 7%
The University 4 Taras Shevchenko National University of Kyiv 6,00%
- 5 National Pedagogical Dragomanov University 11%
6 National Technical University «Kharldv Polytechnic 5,00%
7 Lviv Polytechnic National University 6%
8 Others |: 5,00%
o . 1 Always L 67,00%
Availabiity of mobile and 2 |Notalways I 32%
techical devices 3 The availability is restricted. I can hardly use devices 1.00%
. . 1 Always [ 18,00%
if;‘: zﬁzﬁiﬁg 2 Notalways ___ . C 62,00%
databases 3 The . availability is restricted as the full access 20,00%
requires money
Age of respondents Mean=31,01
Age Median=23,5
Mode=22,0

Knowing the level of the respondents’ digital competency is essential to conduct an
estimation of the digital educational environment. Mostly, our respondents evaluated
heir levels as middle and advanced proficiency [17]. In addition to the questions on
the research topic, they had to answer if they had registered profiles in the scientific
databases such as Web of Science (WOS) or Scopus, personal profiles in the Re-
searchGate social network, publications in the online journals or experience in infor-
mal education. We added these questions to understand if our experts are ready to
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overcome such challenges as advancing digital equity and participating cross-
institution & cross-sector collaboration. The answers we received were mostly posi-
tive. Those respondents who had no profiles in scientific databases or experience with
online conferences and courses claimed they wished to have that experience and be-
lieve in its importance. Herewith, we observe an obvious statistical connection be-
tween the estimated level of the respondents’ digital competencies and the answers to
the mentioned questions. Table 2 contains answers of our respondents.

Table 2. Distribution of answers to questions about the level of competencies gained by re-

spondents
Feature Category of Meaning Percent/ ].)e.s criptive
a feature statistics
1 I participated in a conference/ webinar |i 55,0029
Participation in 2 1 organized a conference/webinar [ 8,00%0
online conferences 3 No. Iintend to take part in a conference/webinar [ 21,00%p
and webinar 4 No. [intend to organize a conference/webinar 4,002%%
b] I don’t think it's neceszary [ 12,00%
1 Yes, [ have |—l 46,00%
Publications i1 2 Yes I have, and I am also an editor, reviewer. etc 3,00%
online-journals 3 No, I don’t, but [ intend to make publications [ 38,0004
4 No, I don't. [ don’t think it's necessary [ 13,00%
Profile in the 1 Yes_ [ am an active member [ 6,00%4
ReserchGate social 2 I have a profile. but [ hardly use it L 18,0029
network 3 I don’t have a profile, though I plan to create it B 42,00%
4 I don’t have a profile. [ don’t think it's useful L 34,00%
1 Yes, [ have publications in these databases I lQ,UU%
Profile in the 2 I have a profile. but [ don’t have my own L 23,00%
WOS or Scopus 3 Idon’t have any publications yet, but I have them I 28.00%
databases in m\,—'_plans _ I
i leon t have any publications, I don’t think I need I 30.00%
em
1 Yes, [am. I am an active listener of MOOCs [ 44,00%/
Experience in 2 Yes, [ am an author for MOOCs 5,00%0
informal studying 3 No, I don't, but I have it in my plans I 38,00%
4 No, I don’t. [ don’t think [ need it [ 13,00%%
1 0 3,00%4%
Own level of the 2 L II 4.00%
digital competency 3 B ’l 27.00%
= - 4 3 L 51,00%)
3 4 [ 15.00%|

Thus, we can claim that aggregated values on the selection that we received corre-
spond to the goals of our research. The level of competencies allows teachers and
students (masters) who participated in our survey to be the experts.

The questionnaire contained two question pools considering the students and
teachers attitude to the educational information environment of the university, the
need for the environment development, and the questions considering the respondents'
personal data and competency level.

The questions consider the university digital learning environment, which our theo-
retical model consider as 4 interacting components. The questionnaire has 4 sections
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that correspond to 4 components: space-semantic, technological, communicative, and
competency-based. Each section contains from 6 to 14 assertions. The respondents
estimated if the mentioned components are available in their educational environ-
ments (1st group of questions) from 1 to 4 points (where 1 stand for the poor level of
availability, 2 is for middle level of availability, 3 is the enough level and 4 stands for
the expert level). The respondents estimated the importance and availability of im-
provement for the mentioned components (2nd group of questions) from 1 to 3 points
(where 1 stands for low, 2 for the middle, 3 for high). For example, respondents have
a request “Please rate the proposed components of the environment on a scale of 0-4”
and several assertions such as: “Your university has access to broadband internet”,
“You can access the internet in every lecture hall in your university”, etc.

3.3 The Methods and Models of Data Processing

The choice of methods is determined by the purpose of the study. We needed to pro-
cess a rather large array of statistical data and identify the main patterns. During the
research, we applied the methods of descriptive statistics to find the frequency distri-
bution and to define the central tendency rates. To prove the hypothesis we stuck to
the statistical inferences methods and models. The method selection based either on
the type of the scale used for estimation or on the datatype of the features we had to
estimate. To analyze connections between the features we applied the methods of
correlation and regression analysis. The calculations were conducted based on the
sampled population, and the statistical results were verified at the 95% integrity level.

During the study, it was necessary to consider a large number of variables that de-
scribe the digital environment of the universities. However, it is difficult to identify
patterns in a large array of features without data reduction. With factor analysis, we
managed the empirical data received in the survey, performed the data reduction and
shortened the number of features, in order to study the received model structure of the
educational environment of the university. The factor analysis was performed in ac-
cordance with the basic stages: defining the preliminary features to be reduce, build-
ing a correlation matrix to find the connection between the elements, defining the
methods of data reduction, choice and explanation of the main factors, calculations
and interpretation of the results we received.

The analysis is not reliable if the basic requirements for the reliability of data and
measurement scales are not taken into account. To estimate the reliability of suggest-
ed scales we used the intraclass correlation coefficients so that later we could calcu-
late the ‘intra respondents’ estimates of reliability. To find out the internal consistency
in the survey we found the Cronbach's alpha and Spearman-Brown coefficient. The
calculations were done mostly using SPSS software [18, 19].
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4 Results of Research

4.1  The Results of a Survey Reliability Estimate

At the first stage of our research, we estimated the reliability if the respondents’ an-
swers and analyzed what different kind of analysis we can apply.

For the questions on the university digital learning environment, we performed
separate analysis considering the availability of required components in their learning
environments. Just the same we performed a separate analysis on the components’
level of development and on ways to improve some component.

For both these questions the Cronbach's alpha and Spearman-Brown coefficients
were quite good: Cronbach's alpha — 0.981 and 0.978; Spearman-Brown — 0.902
and 0.861. According to the correlation matrix we built, the correlation of some points
of the survey was equal to 0.78-0.79. That means, that the features used to build the
theoretical model shared common agents that can be combined. The received numbers
are reliable, that we proved with the Fisher coefficient equal to p<0.05.

4.2 Using Factor Analysis to Model the Informational and Educational
Environment of the University

At the next stage, we leveraged the factor analysis based on the method of main com-
ponents [20, 21]. This method allows reducing the number of features that describe
the university digital learning environment in accordance with a theoretical model
build before. The factor analysis validity was proved both when evaluating the re-
spondent’s answers and based on query obtained from the Kaiser-Meyer-Olkin meas-
ure of sampling adequacy and Bartlett’s test of sphericity [18].

Besides that, we calculated these criteria for the questions that consider the availa-
bility of the required components (group 1) and the importance of components devel-
opment and improvement (group 2).

The Kaiser-Meyer-Olkin measure of sampling adequacy for the questions in the 1st
group is equal to 0.9. High criteria value (from 0.5 to 1) proves that the factor analysis
was viable in this case. Low values (less than 0.5) prove that the factor analysis is not
beneficial for the specific situation. Thus, for our case, we can use the factorial analy-
sis. The Bartlett’s value of sphericity is equal to 9132.97 at df=2080, that is large for
the p<0.001 level, and also proves that factorial analysis is beneficial for this specific
case.

The value of Kaiser-Meyer-Olkin criteria for the questions of the 2nd group is
equal to 0.802. The Bartlett’s value of sphericity is equal to 8599.164 at df=2080, that
is large for the p<0.001 level. This group is also appropriate to use the factor analysis.

At the next stage, we defined a number of factors. There are several methods to do
S0, such as to calculate the proper values, or to use a scree plot and Kaiser’s criterion
[18]. However, for this research, we considered the worked through the information
of the problem structure that we received from the previous stages of the research and
confirmed that structure with statistics (namely, with the sampling variance percent-
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age). As a rule, the researchers recommend selecting the number of factors that sam-
ples at least 60% of the variance.

Based on the environment expertise results and theoretical analysis we received be-
fore, we selected the 4 factor model of the university digital learning environment that
has such components as special equipment and Internet access, educational websites
and portals, teachers’ and students’ digital competencies and communication, and a
well-organized process of education.

According to the sampling variance percentage criteria, we can claim that 4 factors
for the 1st group of questions sample over 60% of the variance (63.51%), and almost
60% for the 2nd group 58.27% (see tables 3 and 4). In these tables, you can also find
the sampling variance percentage after we turned the matrix of main components. The
numbers in the ‘variance %’ column proves that the components we’ve built are quite
informative.

We can see that in the 1st group of questions 3 groups of components sample the
part of variance (20.85%, 17.07% , 16.2%), while for the 2nd group the distribution
is more smooth between 2 first components (16.76%, 16.53%) and 2 following com-
ponents (13.82% , 11.16%). Thus, some factors in the information environment corre-
late more, and so explain the percentage of the factors variation, while the importance
of development is the same for all components. For the factor rotation, we utilized a
common rotation method “varimax” that minimizes the number of variables with high
values and increases the possibility for factor interpretation.

Table 3. The percentage of sampling variance for the 1st group of questions that consider the
availability of required components in the learning environments

Load sum of squares after rota-
Com- Load sum of squares extraction tion
po- Whole % Summary Whole % | Summary
nent Total variance % Total variance %
1 | 30.156 46.394 46.394 13.554 20.852 20.852
2 5.399 8.306 54.7 11.097 17.072 37.924
3 3.248 4,997 59.697 10.529 16.199 54.122
4 2.48 3.816 63.513 6.104 9.391 63.513

Table 4. The percentage of sampled variance for the 2nd group of questions that consider the
importance of the development of components and the ways of how can be improved

Load sum of squares after rota-
Com- Load sum of squares extraction tion
po- Whole % Summary Whole % | Summary
nent Total variance % Total variance %
1 | 28.019 43.106 43.106 10.894 16.76 16.76
2 4.35 6.692 49.798 10.741 16.525 33.285
3 3.022 4.649 54.447 8.985 13.824 47.109
4 2.482 3.818 58.265 7.251 11.156 58.265
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At the following stage, we received rotated solutions of the factor matrix, that allowed
us to combine the features according to the results of the factor values of the 4 sepa-
rate components. In tables 5 and 6 you can see the fragments of the factor loadings, as
they were quite a lot of features for every group. We should also mention that the
features for the groups 1 and 2 were grouped with different approaches, so the main

components were interpreted separately.

Table 5. A part of the factor loads matrix of the learning environment model those correspond
to the availability of components in their learning environments (Group 1)

Components
Features 1 > 3 4
Teachers’ usage of Internet social services 0.825 0.066 | 0.211 |0.107
Participation in scientific communities in the uni-
versity 0.806 |0.024| 0.209 |0.283
Students’ participation in scientific social networks | 0.806 |0.143| 0.175 |0.196
Teachers’ participation in scientific social networks | 0.801 | 0.1 | 0.26 |0.116
Teachers’ participation in the professional Internet-
communities 0.778 |0.158| 0.311 |0.162
Students’ participation in the professional Internet-
communities 0.738 |0.298| 0.357 |0.075
Searching and inviting the experts (scientific con-
sultants, mentors, etc.) 0.734 |0.226| 0.33 |0.264
Consultations and reviewing, in particular at the
webinars and in Internet-communication 0.696 |0.305| 0.369 |0.098
Students’ publications in online journals 0.687 |0.116| 0.377 |0.146
Students’ participation in online conferences 0.684 |0.223| 0.385 |-0.108
Students’ usage of Internet social services 0.681 |0.069| 0.161 |0.004
Teachers’ publications in online journals 0.677 |0.111] 0.381 |0.075
Teachers’ participation in online conferences 0.675 |0.156| 0.421 |-0.021
Teachers’ usage of emails, in particular, the corpo-
rate accounts 0.602 |0.131] 0.182 | 0.25
Students’ usage of emails, in particular, the corpo-
rate accounts 0.594 |0.174| 0.12 |0.161
Systematic publications of records about the com-
pleted plans, scientific activities, cooperations, etc. | 0.537 |0.367| 0.2 0.366

Table 6. A part of a matrix of the factor loads of the learning environment model those corre-

spond to the availability of components in their learning environments (Group 2)

Components
Features 1 > 3 2
The level of students’ digital competency 0.832 | 0.267| 0.195 |0.079
Experience utilizing digital competencies in scien-
tific work 0.814| 0.26 | 0.286 |0.097
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Training courses on boosting digital competencies
for teachers 0.8 [0.317| 0.183 |-0.041
Presentation of the teachers’ achievements (e-
portfolio) 0.795] 0.163] 0.18 |0.292
Self-estimate of the digital competence 0.793| 0.18| 0.248 |0.196
The level of teachers’ digital competency 0.789 | 0.074| 0.2 0.188
The research results approbation 0.788 | 0.307| 0.196 |0.126
Publishing the results of scientific researches 0.781 | 0.229| 0.209 |0.249
Training courses on boosting digital competencies
for students 0.769| 0.31| 0.226 |0.132
Recognition of results in the scientific community:
personal profiles in scientometric databases, certifi-
cates, patents, etc. 0.753| 0.12| 0.157 |0.261
Support from the IT-departments 0.728 | 0.289| 0.291 |0.115
Presentation of the students’ achievements (e-
portfolio) 0.718 | 0.455| 0.207 |-0.017
Distant learning 0.676 | 0.128| 0.213 |0.278

We defined the variables that have high load values on the same factor. Then, we
analyzed this factor considering the mentioned variables. We also interpreted the
variables’ graphics, those coordinates the factor loads (Figure 1.).
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Fig. 1. The graph of the contribution of characteristic values to the main components: groups 1,

2 (Source: Own work)

As a result, we received a confirmation for the university digital learning environment
theoretical model we built, as with small deviations we managed to combine and

group features into four components.

Here we suggest a data interpretation of receive four-factor model for the 1st and
2nd groups. We found a common factor that corresponds to the competency-based
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component that we defined both rot 1s and 2nd groups. To the 2nd group got an addi-
tional element “distant learning” (see Table 6), that we can explain as the readiness of
teachers and students for self-education and online study mode. Today, (group 1) the
face-to-face courses are used mostly for improving the level of competencies in the
universities. The other factors for the 1st and 2nd groups differ.

The second factor (group 1) has high factor loads connected by technological and
space-semantic component. The respondents in the available environment do not dis-
tinguish the space-semantic component, yet consider the technological component as
an optimal combination of infrastructure, resources topology and educational technol-
ogies. The third factor (group 1) corresponds to the communicative component that
has features of scientific communication by means of digital technologies (Table 5).
This component also included the variables connected to the returns automation and
systematic academic and scientific journals declaration, and students and teachers
mobility (technological component). Thus we can make an assumption on the availa-
bility of communication management from the university. The fourth factor (group 1)
we would explain as collaborative and research component, as it contains the varia-
bles of monitoring and correcting the process of environment usage for self-guided
work, formatting the messages of education according to the student’s requests, learn-
ing in cooperation, applying inquiry-based learning, using e-library, wiki-portal, and
availability of internet traffic. Thus, we can argue defining a component that com-
bines separate features of space-semantic, technological, and communicative compo-
nents and corresponds to trends in education.

Among the factors of university digital environment development (group 2) space-
semantic component corresponds a lot to the theoretical model. The respondents as-
sume that building a modern infrastructure and resources topology is a basis to build
the university digital environment. The third factor included the variables connected
to the educational and scientific communication (communicative component) and
organization of the process of education (technological component). In the improved
environment (group 2), the respondents consider communication resources and peda-
gogic strategies to be a part of the technological process. For example, preparation,
organization, and participation in the conferences must be conducted in terms of
learning (self-conducted work), researching, and leveraging training projects. The
fourth factor, that we can call communicative and dissemination, has such features are
participating scientific societies, using the social services, wiki portals, creating and
supporting websites of departments, participating research projects, etc. Thus, we can
assume this component to mostly correspond to the communicative component.
Though, at the same time, it includes some features of the competency-based compo-
nent, connected to the presentation of the achievements and reports automatization.

4.3  Development Analysis of the Ukrainian Universities Digital Learning
Environment

Comparing to the environmental expertise of 2013 [15] we can claim the results re-
peatability. The model of the university digital learning environment that we received
by leveraging the factor analysis corresponds to the theoretical model of the infor-
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mation and educational environment both for 1st and 2nd-factor groups. However, we
observe the development that corresponds to modern requirements [3].

3. The research of 2013 didn’t highlight the competency-based component. Though in
the available environment (group 1) and in the improved environment (group 2)
this component corresponds to the theoretical model. Therefore, it is possible to
express assumptions regarding the strengthening of the competence potential of the
digital learning environment. This doesn’t only support improving digital literacy
but also advancing digital equity.

4. In 2013, 2 factors corresponded to the space-semantic component of the theoretical
model. The respondents told off the topology of resources and It infrastructure, that
can tell us about a probable lack of resources in the universities. Today, students
and teachers do not tell off the space-semantic component, and its features are gen-
erally considered together with the technological component. This can mean that
the infrastructure, communication, and information support are sufficient, but the
students are not involved enough. The teaching practices in the digital environment
are generally created by teachers and oriented for the traditional process of educa-
tion. In the improved environment (group 2) the space-semantic component corre-
sponds to the theoretical model, and the respondents have clear requirements to the
equipment and resources. This fact can be a basis to implement a course of indi-
vidual studying and to start changes in the field of teaching considering the request
and authentic learning experiences.

5. The technological component was defined in all groups, though its interpretation
differs. In 2013 organization of the educational process depended on the teachers’
digital competencies. In the 1st group environment it’s the optimal combination of
the infrastructure, resources topology and educational technologies. The improved
2nd group environment considers a scientific and educational communication as an
educational technology. We can explain it with readiness to use digital environ-
ment in cooperation, in network communities, to develop it with personal experi-
ence to be up-to-date and correspond with trends in education, such as interdisci-
plinary studies i cross-institution and cross-sector collaboration.

6. The communicative component is also defined in all groups. In 2013, in the 1st
group, these components corresponded to the theoretical model, while in the im-
proved environment (2nd group) it’s more about the outer communication that al-
lows to making new connections, finding partners, experts, etc. The latest corre-
sponds to the needs of cross-institution & cross-sector collaboration and adapting
organizational designs to the future of work in the condition of digitalization. We
should mention that distinguishing a component of collaboration and research in
the 1st group environment can be a transition to the development of the communi-
cative and dissemination component of the 2nd group.

5 Conclusions

We used factor analysis to confirm the theoretical model. We used it to find 4 main
components that group all the factors of the digital educational environment into such
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areas of focus as IT infrastructure and resources' provision, students’ and teachers’
digital competencies, scientific and educational communication between the students,
teachers, and stakeholders, and educational process organization.

Comparing to the results of similar researches, even if we take into consideration
the global development of the distance learning, online courses, open electronic re-
sources, and redesigning learning spaces, we observed no significant changes on the
main factors during the 2013-2018. However, messages, contents, and scopes change.

Both students and teachers claim that enabling digital learning environment as an
improvement of the existing learning environment correlates to the mid- and long-
term key trends accelerating higher education technology adoption: proliferation of
open educational resources, the rise of new forms of interdisciplinary studies; advanc-
ing cultures of innovation, cross-institution & cross-sector collaboration. Effective
implementation of the digital learning environment, both at the stage of designing and
applying its methods, helps to overcome significant challenges impeding higher edu-
cation technology adoption. Thus it empowers implementation of authentic learning
experiences and improving digital literacy (solvable); adapting organizational designs
to the future of work, advancing digital equity (difficult). However, having good
enough IT-infrastructure, equipment, and level of digital competencies of the educa-
tional process participants, the solution of the problem depends more on the rethink-
ing the roles of educators in the digital learning environment.

We consider the pedagogic design of the educational and scientific cooperation in
the digital learning environment to be a prospective field for further research. We
need to find out what factors influence the competencies of the digital environment
participants most of all.

Repeating the digital learning environment expertise after a period of time for more
respondents, and engaging participants (universities) from different countries will
allow us to find out if the universities are ready for transformation to confirm the
demands of the modern digital society.
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Abstract. The article considers the use of blended learning as an effective
methodology of encouraging students’ cooperation in the process of solving
practical problems and as a means of developing their essential professional
skills. The following pedagogical approaches and techniques of blended learn-
ing are discussed: combination of face-to-face and distance learning, group
members’ partnership, development of group work skills, heterogeneous group-
ing, combined use of individual and peer assessment, teacher’s monitoring of
the students’ work, task-oriented approach, chance for every member to be a
leader, essential feedback. The authors suggest using private and public cloud
technologies in an integrated academic cloud to support the implementation of
group methodology in the teaching process. The analyzed academic cloud in-
cludes Apache CloudStack and EVE-NG Community platforms. This cloud en-
vironment was deployed at Physics and Mathematics Department of VVolodymyr
Hnatiuk National Pedagogical University of Ternopil (Ukraine). The developed
methodology is used in course "Computer Networks". It has been verified ex-
perimentally by using appropriate statistical methods.

Keywords: blended learning, ICT-competence, cloud-based environment,

Apache CloudStack, EVE-NG Community, computer science trainee teachers.

1 Introduction

Development of cloud technologies visibly affects both the aims and the content of
ICT education. In view of this, researchers are currently looking for new and improv-
ing the existing forms and methods to combine the benefits of face-to-face and online
learning.
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Today it is impotant to develop methodological principles of blended learning in
training students. Various aspects of developing blended learning in an information
society have been studied by C.J. Bonk, C.R. Graham. A.G. Picciano, C.D. Dziuban
[1], [14].

Works of D.R. Garrison, N.D. Vaughan, H. Kanuka [6], [7] offer the ways to im-
prove the effectiveness of the educational process at higher educational institutions.
Some aspects of using blended learning as an effective model of building ICT compe-
tence have been researched by U. Kose [10]. N.P. Napier, S. Dekhane, S. Smith, R.
Collopy, J.-M. Arnold describe the experience of blended learning organization from
the perspective of teaching a specific discipline [12], [2].

In view of the appropriateness of using cloud technologies for systemic implemen-
tation of the principles of blended learning and activity approach, as well as for
hands-on in-context learning based on cooperation, these technologies are seen as an
effective teaching tool in training computer science teachers.

For higher educational institutions, deployment and use of cloud-based environ-
ment remains a priority, a prerequisite for effective addressing of current educational
challenges.

0. Glazunova and M. Shyshkina in the paper [8] develop the concept of cloud-
oriented educational scientific environment of a higher educational institution. Vari-
ous aspects of introducing such environment in educational practice have been re-
searched by O. Pinchuk, S. Lytvynova, O. Burov. The authors conclude that the effec-
tive learning environment should be immersive, creating the effect of "immersion” on
the part of a student [15]. H. Kravtsov and V. Kobets in their study develop the model
of the curriculum revision system in computer science. The authors single out generic
competences for Master program in Information Systems [11]. O. Spirin and
0. Holovnia suggest a variant approach to the application of virtualization technolo-
gies in the training of computer science bachelors. This approach involves integration
of several virtualization tools and appropriate adaptation of training materials [17].
Yu. Nosenko’s paper [13] studies cloud technology in Open Education Space.

Cloud-oriented environment of an educational institution, which combines hard-
ware, software and information resources and services, functions on the basis of cloud
computing technologies and provides the academic process with the resources of the
university’s local network and Internet access. University clouds are aimed, above all,
at facilitating personal development of the faculty and students, encouraging their
professional self-realization.

The goal of this article is to design the cloud-based environment for learning
computer networks and to research effectiveness of blended learning in such envi-
ronment.

2 Presentation of the main results
Currently, a major challenge in training computer science teachers is adjustment of

education content and tools to the continuous advance of information technologies.
This problem can be solved by means of combining students’ theoretical education
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and practical training, on the one hand, and increasing the effectiveness of their self-
study through creative tasks and project methodology, on the other. Such approach
lies at the basis of the blended learning concept. Literature on the subject makes use
of several terms, among them hybrid, mixed, integrative, blended learning, technolo-
gy-mediated instruction, web-enhanced instruction, mixed-mode instruction. The
main interpretations of the concept are as follows:

1. A learning process which combines traditional and innovative technologies - elec-
tronic, distance, mobile learning.

2. Mixed learning combines various pedagogical approaches (e.g. constructivism,
behaviourism, cognitivism) to achieve the optimal effect.

3. Mixed learning combines technological teaching facilities and face-to-face learn-
ing under the teacher’s supervision.

4. Mixed learning combines traditional teaching with solving hands-on professional
tasks.

Currently, researchers tend to look at the blended learning as a synergetic concept (a
system of ideas, theories, models, levels, methods and tools of organizing educational
activities) characterized by a new vision of the process and results of learning.

We see the following benefits of blended learning of computer science trainee
teachers:

— blended learning improves students’ performance, especially when ICT-
technologies support cognition (for instance, in modeling) or facilitate students’ in-
teraction with other students and the teacher;

— blended learning changes the role of the teacher, who becomes a facilitator in stu-
dents’ research, a manager of educational projects;

— the traditional classroom is converted into an open virtual space, where students
can study at their own speed;

— students” motivation for self-study and self-improvement increases;

— study based on reproduction and repetition is transformed into the process of dis-
covering knowledge and presenting the results of such discovery;

— students get an opportunity to go through all stages of creating an IT-product, from
an idea to creating a model, and then to final realization and testing.

In the previous study we developed a group methodology of using university cloud,
which involves the project method as an effective tool of encouraging students’ coop-
eration while solving practical problems and as a means of developing their essential
professional skills [16]. At the second stage of our research we further developed the
proposed methodology of blended learning in the course "Computer Networks",
drawing on the approaches suggested in [9].

The essential characteristics of the used methodology are:

— transformation of a classroom into a virtual cloud laboratory;
— unlimited access of students and teachers to the objects of study;
— combination of formal and informal modes of study;
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— focus on visuality, necessitated by the fact that virtual objects are often not easy for
students to perceive and comprehend;

— combination of face-to-face and online communication, of self- and teacher di-
rected instruction;

— achievement of personal and group goals.

The components of the educational model of blended learning include [5]:

— specification of mixed learning environments, modes of interaction and corre-
sponding resources and facilities;

— study of knowledge attainment options;

— knowledge organization decisions.

It is important that the content be structured, in particular, by means of singling out
the key concepts. Here the course developers can use a three-dimensional educational
project, which includes key concepts, basic facts and basic skills required to perform
the tasks [4].

For the course "Computer Networks", we enhanced the academic cloud, modifying
its infrastructure so as to be able to create a lot of virtual subnetworks. Each of these
subnetworks can be associated with a certain physical hypervisor network. Traffic
marking in these networks is done using virtual local area network (VLAN) technolo-
gy. Correspondingly, on the basis of OS FreeBSD, we configured a router to transmit
data between VLAN.

Addition of these networks should not require changes in the topology of physical
networks in the cloud-based environment. We divided the traffic transmitted between
students’ virtual computers among 120 VLANs. With such number of VLANSs availa-
ble, each student has an opportunity to store their virtual computers and other devices
in their personal or several guest networks. That is, each of the virtual machines can
be supplied with network adapters working in different subnetworks. The general
layout of the expanded cloud infrastructure looks like this:

NETO vian111, vian112,... vian170

0OS FreeBSD 11
IP 172.25.111.254124

1P 172.25.112.254124
3
Q IP 172.25.170.254/24
"@
£
D

cloudt cloud2 cloudd
IP 172.25.1.251/24 IP 172.25.1.252124 IP 172.25.1.253/24 0S FreeBSD 11
0S Ubuntu 16.04 0S Ubuntu 16.04 0S Ubuntu 16.04 \P 172.25.1.254724
IP 172.25.11.25424

Q IP 172.25.12.254124

IF 172.25.170.254/24

NET2 viani1, vian12, _vian70

Fig. 1. Diagram of the cloud infrastructure
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To determine the correspondence between physical adapters and traffic in CloudStack
system, they are marked by VLAN tags. As a result, physical network adapters in-
stalled on hosts cloudl, cloud2, cloud3 are aggregated by the system in two. The traf-
fic of these adapters is transmitted via switchl and switch2 to the router. As our main
task was to deploy separate guest subnetworks, the corresponding traffic is also
marked by separate tags. For each of the tags, we created network offering templates,
which give the possibility to indicate services to be functioning in the corresponding
network. In our cloud infrastructure, such services include a DHCP-server, a NAT-
translator, a firewall, a traffic load balancer and others. For these services to function,
in each guest network Apache CloudStack platform creates a system virtual machine,
virtual router. These services work in virtual networks vlanl1, vlan12, ..., vlan70.

Networks vlanll, vlan12,..., vlan70 do not contain any Apache CloudStack ser-
vices and are switched on L2 level of OSI model. That means that using virtual ma-
chines in these networks requires that students configure network parameters manual-
ly.

As Apache CloudStack does not provide tools for visualization of network struc-
ture, students often have difficulty in designing and configuring networks in a cloud
infrastructure. That fact prompted us to integrate into a university cloud a system that
makes it possible to visualize the process of network design. It was vital that such
system could work with networks on Apache CloudStack virtual machines. We ana-
lyzed relevant publications and compared several platforms — Cisco packet tracer,
Graphical Network Simulator (GNS), Unetlab (EVE-NG) (Table 1).

Table 1. Comparing Simulation Platforms for Computer Network Learning

Parameter GNS3 Cisco Packet EVE-NG
Tracer Community
Installing Medium Simple Simple
Web (graphic) Ul Yes Yes Yes
CPU load High Medium Medium
Free download Yes Yes Yes
Routers Yes, Cisco (not Yes Yes, Cisco
free) (not free)

Additional components Need to install All in one All in one
Integration with + - +
Apache CloudStack
Support external and + -/+ +
internal  (own) net-
works

Our choice fell on ENE-NG Community. Every student’s copy of ENE-NG platform
is a separate virtual machine in Apache CloudStack cloud. As each node of EVE-NG
is itself a virtual machine, hosts integrated in Apache CloudStack infrastructure have
to support nested virtualization.

Here are the main advantages of its use in teaching computer networks:
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— visualization of network structure via web-interface;

— possibility to manipulate objects in web-browser;

— free ENE-NG Community version;

— possibility to work on a OS Linux based virtual machine;

— availability of personal templates of virtual machines and network equipment;

— support of external (for the student) networks and availability of personal net-
works;

— availability of integrating tools for remote access and network connections moni-
toring.

We can positively affirm that our academic cloud integrated virtual networks of
Apache CloudStack ra EVE-NG platforms.

Our methodology provides for the use of the university cloud-based environment
for building basic competences and in carrying out group projects.

We determined the content of teaching computer networks on the basis of the do-
main ITE-NET from Information Technology Curricula 2017 [3]. It contains the fol-
lowing subdomains:

— ITE-NET-01 Perspectives and impact;

— ITE-NET-02 Foundations of networking;

— ITE-NET-03 Physical layer;

— ITE-NET-04 Networking and interconnectivity;

— ITE-NET-05 Routing, switching, and internetworking;

— ITE-NET-06 Application networking services;

— ITE-NET-07 Network management.

To study the effectiveness of our blended learning methodology we divided the
students into two groups:

— Group 1 — control group (CG), in which students throughout the course had class-
room instruction with a teacher and studied on their own out of class; the students
used real network devices and computers in class and their personal equipment for
self-study at home;

— Group 2 — experimental group (EG), in which students studied the topics ITE-
NET-01 — ITE-NET-03 in class with a teacher and the topics ITE-NET-04 — ITE-
NET-07 using our methodology of blended learning involving university cloud
services.

Thus, our methodology involved the use of the academic cloud to model data trans-
mission between virtual computers during classroom and distance learning as well as
to organize group work.

We began the use of EVE-NG platform with the study of network topologies. The
students designed network topologies on the basis of "building blocks", such as
switches, routers, and cabling.

Principles of data transmission on channel and network levels were studied on the
basis of VLAN technology. Doing such tasks, EG students used various virtual nodes
of EVE-NG platform:
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— management L2-switch Cisco I0OL (for example, i86bi-linux-12-adventerprisek9);
— routers Mikrotik;

— OS Ubuntu Linux Server;

— built-in node "Virtual PC".

EVE-NG platform networks served as models of unmanaged switches. Fig. 2 shows
an example of the described network topology:
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Fig. 2. Network topology with VLAN

The example shows that the designed university cloud provides all the necessary con-
ditions for realization of the blended learning methodology. In particular, students can
work on their tasks both in face-to-face and in online (via VPN-connection) modes,
being able to cooperate both in class and remotely. In case of group work we suggest
that students perform similar tasks, for instance, one student configuring switch 1,
another — switch 2, etc. The task can be extended by one student configuring access-
ports for switch 1 and another configuring trunk-ports. The teacher also has access to
all virtual machines and nods, being able to help students, supervise and control their.

EVE-NG platform gives access to nods via the standard protocols telnet and vnc. If
several students connect via these protocols to the same nod, they will work with that
VM simultaneously. Access via telnet and vnc protocols does not depend on the pa-
rameters of TCP/IP protocols. That means that students have the possibility to make
mistakes and learn without running the risk of losing control of their nods.

An important task in designing a network is monitoring the connections. To handle
this task, we used Wireshark utility from EVE-NG integration pack.

We went on to study the topics of ITE-NET-07 subdomain (Network management)
on the basis of an extended topology with many routers (Fig. 3).
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Fig. 3. Example of network with many routers

We used this configuration to look at the following issues:

— static routing;

— basic and NAT routing;

— dynamic routing protocols;

— load-balancing some Internet channel;

— policy Base Routing;

— data filter with firewall;

— network protocols and services (DHCP, ARP, DNS);

— virtual private network protocols (PPTP, L2TP, OpenVPN).

It is worth noting that in the example shown in Fig. 6, networks with 192.168.0.0/16
prefix are internal. They can be viewed as models of local networks working by
TCP/IPv4 protocol. Students’ routing between such networks does not happen. Net-
works with prefix 172.25.0.0/16 are connected to Apache CloudStack cloud infra-
structure. They can be viewed as models of external networks connected to various
Internet Service Providers. The proposed topology can be upgraded by transferring to
IPv6 protocol. By doing this, every device in students’ networks can be given a real
IPv6-address.

Several groups of students can be offered to change the addressing of their internal
networks so as to provide static or dynamic routing between them. Also, the complex
topology (Fig. 3) can be divided among students in such a way that each student will
configure one of its components (Fig. 4). For such group work we used projects —
specific organizational units of Apache CloudStack platform. Apache CloudStack
project is a group of virtual machines which can accessed by the project participants.
Our project involved 4 virtual machines with EVE-NG platform, which, in different
sequence, were operated by 4 students.
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Fig. 4. Division of the topology among students

To complete the study of the topic ITE-NET-07 Network management, we asked
students to carry out group project” DIY your own ISP".The major tasks of the project
were:

— designing topology of the students’ own network;

— making provisions for the possible expansion of the topology;

— isolating clients’ computers from one another;

— blocking unwanted or harmful traffic (floods, broadcasts);

— dynamic allocation of IP-addresses from various pools (actual on the Internet and
local in the provider’s local networks);

— traffic shaping;

— storing user statistics;

— user database management.

While working on the project, the students had maximum independence. They them-
selves distributed roles in the group, analyzed billing systems, designed the network,
chose the necessary equipment, configured connection switches and routers, installed
the billing system, tested the network performance and analyzed its drawbacks.

At the second stage of their work, students systematically used services of the pub-
lic clouds Google Suite and Microsoft Office 365. In particular, they together created
protocols of network topology nods testing, graphs of their speed characteristics and
summing-up reports on task performance.

To verify the effectiveness of the proposed methodology, we conducted one more
research. After completion of the topics ITE-NET-01 — ITE-NET-03, we conducted a
test (TEST1-NET-01-03) to assess the academic achievement of students in the con-
trol and experimental groups. The test was assessed on the 100-point scale. For each
group, we got a total of grades. Fig. 5 shows a descending distribution of the students’
grades in TEST1-NET-01.
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Fig. 5. Grades distribution in TEST1-NET-01-03

Using One-Sample Kolmogorov-Smirnov Test, we found out that the grades are dis-
tributed by normal law (2-tailed asymptotic significance for CG and EG: aCG=0,178;
aEG=0,127 ). Thus, to check whether there are statistical differences between the
groups, we can use Independent Samples Student's t-test. The statistical data of Inde-
pendent Samples Student's t-test are given in Table 2.

Table 2. Statistical data of Independent Samples Student's t-test after studying ITE-NET-01 —
ITE-NET-03 topics

Levene's Test

for Equality df Sig.
of Variances (2-tailed)
F Sig.

TEST1- Equal variances

NET-01- assumed 0,232 0,633 0,047 38 0,963

03 scores Equal variances 0047 36552 0,963

not assumed

The table shows that Levene's Test for Equality of Variances data prove the correct
choice of the statistical method. As the significance exceeds 0.05, we can state that
after studying the topics ITE-NET-01 — ITE-NET-03 students in the control and ex-
perimental groups showed no statistical differences in their academic achievement.

The students of both groups then went on to study topics ITE-NET-04 — ITE-NET-
07. The content of the topics was the same for both the groups, and the instruction
was provided by the same teacher. The students of the control group continued work-
ing with the real equipment in class and with their own devices out of class. The stu-
dents of the experimental group worked by our proposed blended learning methodol-
ogy. After the students completed topics ITE-NET-04 — ITE-NET-07, we again con-
ducted a test (TEST2-NET-04-07). Its results are shown in Fig. 6.
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Fig. 6. Grades distribution in TEST2-NET-04-07

We used One-Sample Kolmogorov-Smirnov Test and made sure that the grade distri-
bution in TEST2-NET-04-07 was normal. So, to check statistical differences between
the grades received in TEST1-NET-01-03 and TEST2-NET-04-07 we used Depend-
ent Student's t-test for paired samples. Differences between the grades received in
TEST1-NET-01-03 and TEST2-NET-04-07 were compared separately for the control
and experimental groups. Corresponding statistical data are shown in Table 3.

Table 3. Statistical data of Dependent Student's t-test for paired samples after studying ITE-
NET-04 — ITE-NET-07 topics

Paired Differences
Std. Devi- Std. Error Sig. (2-
Mean ation Mean t df tailed)

Pair 1 TEST1 CG_scores -
TEST2_CG_scores
Pair 2 TEST1 _CG_scores -
TEST2_CG_scores

-1,250 5,973 1,336 -0,936 19 0,361

-5,300 5,105 1,140 -4,647 19 0,000

Taking into consideration that SigeG<0,05, we can claim that there exist statistical
differences between academic performances of EG students. Such conclusion can not
be made concerning CG students. This confirms the effectiveness of the proposed
methodology of blended learning at the second stage of our research.

3 Conclusions

The designed and deployed cloud-based environment provides:

— access to cloud resources through a web browser;
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— simulation of network topologies in a web browser;

— service as needed — the student can immediately get the system resources;

— universal access to the network infrastructure of the student according to the laaS
model;

— elasticity and scaling of computing resources.

Our research showed that combination of face-to-face and online learning allows
teachers to make use of the technological benefits offered by the academic cloud to
achieve the study goals. Blended learning facilitates more rational use of resources
and time, the process of study becomes more open, students have the possibility to
learn how to manage their learning process and appear to be much better prepared for
successful completion of the course.

This research has experimentally proved the efficiency of the blended learning
methodology in training computer science trainee teachers. Suggested educational
projects raise students’ cognitive interest, allow them to develop essential professional
skills, ability to work in a team and sense of responsibility for their joint effort.
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Abstract. In the article, the problems of using the systems of computer mathe-
matics (SCM) as a tool to support the teaching and research activities in the
field of informatics and mathematics disciplines training are investigated. The
role of SCM in the process of bachelors of informatics training and special as-
pects of pedagogical applications of these systems in the “Operations research”
study is defined. The aim of the article is the justification of the Maxima system
use of in the process of “Operations research” teaching in pedagogical univer-
sity as enchasing the investigative approach to learning and determination of
the perspective ways of its introduction. The main characteristics of SCM Max-
ima and the ways of access organizing to it both in local and the cloud-oriented
implementation are considered. The results of the pedagogical experiment on
the Maxima application to support the investigative approach to operation re-
search study and the analysis of its conclusions are reported.

Keywords: “Operations research”, Maxima, learning tools, investigative ap-
proach, Cloud computing, mathematical disciplines, learning environment, edu-
cational university.

1 Introduction

1.1  Research objectives

In the modern information-educational environment there are new models of the
learning activity organization, that are based on innovative technological decisions of
environment infrastructure organization including the cloud oriented.

The question of adjusting the information-technological infrastructure of the edu-
cational institution to the necessities of users, and organization of facilities and ser-
vices of this environment in order to realize as much as possible the pedagogical po-
tential of modern ICT, to attain the increase of learning results and also the improve-
ment of the process of research activity of the students the innovative approaches are
in demand. These approaches are to provide the most advisable ways of access organ-
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ization to systems of computer mathematics, that are among the leading types of
learning tools of mathematics and informatics.

The teaching “Operations research” in the system of specialists of informatics
training in the pedagogical university play the special important role as it combines
both the fundamental concepts and principles of different mathematics and informat-
ics disciplines and applied models and algorithms of their implementation. There are
the basic research approaches to the processes of mathematical modeling, decisions
making, and mathematical description of the basic concepts and principles of data
processing that are the subjects of computer modeling in informatics.

The use of SCM in the process of “Operations research” studies allows (i) to
change the accents in the selection of theoretical material, (ii) to increase the fraction
of tasks on mathematical models construction of the real optimization tasks and their
research by means of SCM; and (iii) to introduce the tasks on comparison of the re-
sults, obtained by means of the numeral methods of optimization, described by one of
programming languages and builtin SCM tools, and their analysis at different input
data, as well as the tasks on programming in the environments of mathematical pack-
ages of numerical methods of optimization and their research.

The aim of the article is the justification of the Maxima system use of in the pro-
cess of “Operations research” teaching in pedagogical university as enchasing the
investigative approach to learning and determination of the perspective ways of its
introduction.

1.2 Problem statement

The analysis of the domestic and international experience of the use of ICT in the
process of informatics disciplines learning testifies that such class of ICT-based learn-
ing tools as the systems of computer mathematics(SCM) constantly attracts attention
of researchers 1, 2, 3, 4. These systems, that are complex, multifunctional, powerful
enough and at the same time simple in the use, become irreplaceable in maintenance
of various processes of numerical accounts, patterns visualization, realization of sym-
bol operations, algorithms and procedures 5, 4. SCM is the environment for the pro-
jecting and use of programming tools of the maintenance of informatics disciplines
teaching, forming innovative pedagogical technologies.

In recent years, informatics disciplines learning tools and technologies have ob-
tained a further development, in particular based on the concept of cloud computing.
This conception significantly changes the existing views on the organization of access
and integration of applications, so there is a possibility to manage larger ICT infra-
structures, that allow to create and to use both individual and collective "clouds” in a
cloud-oriented educational space 6, 5.

Localization of such tools for educational purposes as SCM "in the cloud" is per-
spective direction of their development, when there are more possibilities of adapting
the teaching environment to academic achievement, individual needs and goals of the
learners. The "spectrum” of research activities is expanding both due to the funda-
mentalization of IT disciplines and the content of teaching as well as extending access
to research tools. In this regard, we must pay attention to issues of grounding theoreti-
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cal and methodical bases of introduction and use of SCM, the definition of advantages
and disadvantages of different approaches to deployment, research and analysis of the
experience of their implementation.

Methodical peculiarities of teaching optimization methods and “Operations re-
search” using WEB-SCM are analyzed in the work of Trius Y. V. 7. The graphical
interface of SCM Maxima for modeling animations is described in detail in the work
of Bugaets N.O. and examples of creating the animation evidentness models and their
use are made for development of educational-research abilities 8.

The methodical aspects of using SCM Maxima in the process of “Operations re-
search” teaching comes to the fore. It is aimed at the forming students’ ICT-
competences, including in a cloud-based environment due to: the acquaintance with
functional characteristics of SCM Maxima; developing skills of mathematical re-
search of the applied tasks, in particular, the construction of mathematical models;
mastering programming in the SCM Maxima; obtaining the necessary knowledge
base for studying other disciplines; increasing the level of informatics acquirement by
means of the extensive use of SCM and cloud-oriented systems in the educational
process and research work.

1.3  Research Methods

The study is based on the methods of theoretical analysis, generalization and systema-
tization of scientific facts about the pedagogical processes and phenomena, methods
of system analysis and modeling, pedagogical observations and generalization of
pedagogical experience, as well as the results of the pedagogical experiment. The
study was carried out in the framework of the implementation of the planned research
undertaken in the Institute of Information Technologies and Learning Tools of NAES
of Ukraine and the Department of Informatics and Computing Mathematics of the
Drohobych Ivan Franko State Pedagogical University. In the process of research the
scientific-methodical principles of using the cloud-based component on the basis of
the Maxima system in the process of informatics disciplines teaching for computer
specialists have been grounded and analysed.

Such interdisciplinary methods and procedures are used in informatics as analysis
and synthesis, induction and deduction, visualization and formalization, algorithmiza-
tion and programming, informative-logical, mathematical and computer modeling,
program management, expert evaluation, identification and others. It is necessary to
acquire them in complex, otherwise there is not a sufficient level of mastering the
material of informatics disciplines.

2 Results and Discussion

2.1 The most important features of the Maxima system from the didactic
process point of view

In the conditions of informative society formation it is very important to prepare high-
ly skilled specialists, capable to undertake productive work in this society. Therefore
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it is necessary to search for new methodological approaches to organization of learn-
ing that would assist the deep mastering and understanding of basic concepts, rules,
principles and methods of disciplines studies, their relationship to contiguous disci-
plines, and ways of their use in practice. The perspective direction is the integration of
the systems of computer mathematics in the process of “Operations research” teach-
ing. These systems may help, on the one hand, to automate some routine actions,
focusing students on mastering the concepts and principles that are studied, and on the
other hand, to identify the interdisciplinary links of various disciplines, examining
how certain fundamental concepts are implemented in applications.

The use of the cloud-based tools of SCM design is a significant factor in the ex-
pansion of access to them in the process of teaching and research activities in the field
of informatics and mathematics. If research activity happened only in specially creat-
ed situations in the case of application of a local version of the tool, more attention
can be paid to the independent work with using a cloud-oriented version, and research
activity is extended outside the classroom time 5.

The use of mathematical packages to solve practical problems involves (i) under-
standing the problems of the educational discipline for proper use of SCM; (ii) under-
standing the methodology of developing the algorithm from the mathematical ideas to
the formulation and the ability to apply this methodology; and (iii) the ability to carry
out grounding and estimation of the algorithm complexity at run-time and memory
requirements [4, p. 138].

For scientific purposes the choice of SCM depends on the input data and result to
be ob-tained. For example, the analytical model of the investigated phenomenon or
object is more interesting for a physicist-theorist, so it is better to use the packages,
such as Mathematica, Maple and Maxima. Physicists-experimenters would rather use
the MATLAB system for large data sets processing 4, p. 138].

Special attention should be paid to Maxima system, as it is easy in learning, in
solving the problems does not yield to such systems as Maple and Mathematica and is
freely distributable. It is equipped with a menu system that allows performing symbol
con-versions, to solve equations, to compute limits, derivatives, integrals and the like,
not knowing the language for the description of the commands to perform these ac-
tions. Therefore the Maxima system can be used for informatics and mathematics
disciplines learning even on the first course of pedagogical university 4. Maxima
system application will not cause any difficulties for students in solving tasks of
mathematical analysis and linear algebra — the students are required only to select a
menu item and enter the expression. However, for programming in Maxima system
one needs knowledge of language and syntax, as well as certain commands [4, p.138].

“Operations research” teaching of pre-service specialists requires special attention
as it combines both the fundamental concepts and principles of different mathematics
and informatics disciplines and applied models and algorithms for their application.

The goal of SCM using in the process of pre-service specialists training in Infor-
matics is the formation of the ability for successful using the information technologies
in their professional activities, creative approach to solving non-standard problems,
deep mastering the fundamentals of the disciplines. For this purpose the methodology
of SCM using in the process of “Operations research” teaching was developed, aimed
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at (i) the formation of the professional competences of future specialists in Informat-
ics that will give an opportunity in the future to adapt oneself to the requirements of
informative society; (ii) the development of the creative approach to solving non-
standard tasks; and (iii) the formation of mathematical skills needed for analyzing,
modeling and solving theoretical and practical problems with application of SCM 5.
The use of this technique was the subject of the present experimental studies with the
application of both local and cloud-oriented implementation of SCM Maxima.

One of the important use of SCM Maxima in scientific investigations and at the
mathematics and informatics disciplines learning at higher school is the solution and
study of the optimization problems arising in various fields of human activities.

Due to the introduction of SCM Maxima into the “Operations research” teaching
process the opportunity is occurred to focus students on key concepts, principles,
approaches, releasing time and efforts that are spent on the software establishment,
maintenance, and even greatly to mitigate the real spatial and temporal boundaries of
the implementation of access to necessary electronic resources. This approach devel-
ops interdisciplinary links, assists the deep study of material, and extends possibilities
of independent research, the combination of theory and practice, knowledge integra-
tion concerning the various departments and levels of computer education 4, 5.

For this purpose the technology of "virtual desktop™ may be applied, where the da-
ta storage and processing are happened in the data center. Also, for a user, the work
with cloud supplements, appealed via the Internet browser, does not differ from the
work with software installed on a desktop of the user’s personal computer 5.

The use of software that is installed on the student’s virtual desktop (i) does not re-
quire spending educational time on installing and updating, (ii) the conditions for a
more differentiated approach to learning are created, and (iii) provides the opportunity
to focus on the basic material study 5.

The necessity to use SCM in the educational process is also caused by the fact that
working with them provides students with the real opportunity to acquire skills to
solve practical problems using SCM on the known scheme: setting of the problem
—defining modeling goals — mathematical model development — election of math-
ematical method and algorithm of problem solution — implementation of mathemati-
cal model using SCM — calculations — analysis of the results obtained and their
interpretation — making the decision.

A large number of practical problems are studied within the discipline "Operations
research”, which are easy to interpret as optimization problems on graphs. The exam-
ples of such tasks are (i) searching for the shortest route between two settlements, (ii)
determination of the maximal admission characteristics of the oil pipeline, and (iii)
scheduling the execution of the project works etc.

When solving optimization problems on graphs the interdisciplinary relationships
of informatics, mathematics, economics and other disciplines are realized that con-
tributes to the intellectual development of students on the basis of forming ideas about
the integrity of vision of the world, ensures the formation of skills not only declarative
but also procedural knowledge. The use of graph theory for the problems solution by
students develops their ability to represent the conditions of the problem in the lan-
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guage of graph theory, and then to interpret the solution in terms of the original prob-
lem.

The possibilities of using Maxima system to solve optimization problems on
graphs are wide enough. A student, using SCM Maxima, solves the problem set be-
fore him, and thus he doesn't have the psychological barrier in the application of
mathematical apparatus, and besides, he realizes also, what material is necessary to be
repeated (or to be learnt). The solution of problems of applied nature (including, in
particular, optimization problems on graphs) using a SCM provides the possibility of
formation of the professional competencies. The interest is also the research of opti-
mization theory problems, in particular the implementation of the numerical methods,
both conditional and unconditional optimization using SCM Maxima. This, in turn,
contributes to the improvement of programming skills.

Studying the section "Models of the dynamic programming" students are offered to
solve the problems which demand using Maxima commands and functions or creating
their own procedures and functions. This in turn contributes to the improvement of
programming skills. For example, when solving the problem of dynamic program-
ming about a backpack, students perform research, creative work, and its routine is
completed using the computer.

The main stages of the solution of such problems are the problem setting (provid-
ing the objective function, optimality criterion, limitations, and accuracy of the solu-
tion) and analysis of the obtained results. The students obtain the system basis in solv-
ing problems, and they see the relationship between the content of various academic
disciplines.

Summarizing the consideration of the course "Operations research", it should be
noted that a wide set of tools for computer support of analytical, computing and
graphical operations make the system of computer mathematics one of the main tools
in the professional activities of mathematicians and programmers. The studies using
Maxima system combine algebraic and computing methods. In this sense, SCM is the
combining link between mathematics and computer science, where the research focus
both on the development of algorithms for symbolic computation and data processing
and the creation of the programs to implement these algorithms.

2.2 The characteristics of the Maxima system both in local and cloud-based
version.

The Maxima system works on all modern versions of operating systems Linux and
UNIX, Windows 9x/2000/XP" [4, p. 140]. In particular, the cloud-based version of
the Maxima system was implemented in the Drohobych Ivan Franko State Pedagogi-
cal University. It was installed on a virtual server with operating system Ubuntu 10.04
(Lucid Lynks). In the repository of this operating system, there is a version of the
Maxima system based on Emacs editor that was installed on the virtual student’s
desktop 4, 5.

Besides, all the basic steps with this software product can be performed also in the
environment with a graphical interface wxMaxima based on wxWidgets under Win-
dows operating system 4, 5.
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Among the mathematical packages the Maxima system owns wide enough possi-
bilities at the implementation of symbol calculations. It is, in fact, the only one of
freely distributed open systems, that does not yield the commercial SCM Mathemati-
ca and Maple. Maxima system is distributed under the license of GPL and is available
to users of operating systems Linux and Windows 4 , p. 139].

2.2.1 Using the Maxima system under OS Windows

Maxima system works on all modern versions of operating systems Linux and
Unix, Windows 9x/2000/XP. Consider the work with Maxima system with graphic
interface wxMaxima GUI, based on wxWidgets, under Windows operating system 4,
p. 140].

2.2.2 Using the Maxima system under OS LINUX

Working with the Maxima system in OS Linux may occur in different ways. Work-
ing with remote desktop based on OS Ulteo (a Linux distribution created on the base
of Ubuntu), it is convenient to use the texmacs environment, which is installed as a
static application on the OS 4, 5. OS Ulteo can be installed on one of the computers of
a local network, on a virtual machine created on VMW products, on a virtual machine
in OS AWS or some other similar network systems. The experience of using the Max-
ima system, which was installed on the cloud server, is more thoroughly described in
5.

Texmacs includes the work with several systems, one of which is the Maxima sys-
tem. To create a session (i.e. insert object)in Maxima one must consistently choose
the menu Insert — Session — Maxima. Then an active line appears for entering com-
mands of the Maxima system.

More thoroughly experience of using SCM Maxima in the cloud-oriented envi-
ronment is described in the "Methodical recommendations on the use of the cloud-
oriented component based on the Maxima system in the informatics disciplines stud-
ies" 5.

The purpose of using SCM in the process of operations research learning is the
fundamentalization of training and mastering the fundamental principles of the disci-
pline. Here is the example of the laboratory practicum on "Construction of the frame
of minimum cost, Prim algorithm" using the methods of appropriately selected tasks
and demonstration examples that are solved using the cloud-oriented component of
the learning environment on the basis of the Maxima system. This task can be carried
out also using the local version, so the course of the solution is accompanied by illus-
trations, which can be obtained in any of the versions of the system, and by the inter-
faces obtained during the cloud component implementation.

After introducing the main theoretical positions on the subject and Prim algorithm
students are offered the following example 10, 11.

At the end of each laboratory work they are offered the tasks for independent work.

Individual tasks are divided into three levels of complexity. The level of complexi-
ty of the assignment for execution is selected by the student independently. The task
of the first level of complexity corresponds to the reproductive level of mastering
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knowledge. To solve problems of the second level of complexity, the heuristic nature
of the intellectual activity is necessary. The third level of complexity includes tasks
for which a creative approach is necessary. The tasks are formulated in such a way
that to solve them one must have elements of divergent thinking. Divergent thinking
is usually inherent in creative individuals, inclined to create new combinations of
those elements, others use only the usual way.

Each laboratory work is accompanied by a list of questions for self-examination
and a number of tasks for performing during independent work of students. The main
task is to form the practical skills of future specialists to formalize tasks and solve
them with the help of SCM tools.

Thus, the method of using SCM Maxima as a means of training the study of the
operations of future computer specialists can be summarized as follows.:

OPERATIONS RESEARCH

G

Allocation of fundamental concepts, methods, algorithms of a section or topic

K

Selection of tasks

-

Demonstration examples

<

Implementation of individual tasks by means of the system Maxima

\Z

Knowledge control

N7

Level of formation of professional competence and future specialists
in informatics

Fig. 1. Scheme of the stages of designing a computer-oriented environment using the system
Maxima

The peculiarity of the developed methodology is the use of a systematic approach to
the implementation of SCM in the process of studying operations research and their
use to provide interdisciplinary links in the training of future IT specialists.

From the given example it is clear that due to the application of SCM Maxima in
the process of “Operations research” teaching there arises the opportunity to carry out
the necessary calculations. This gives the students the opportunity to use the greater
part of educational time for (i) studying methods of applied problems solution, or
even their development, (ii) acquiring the skills of mathematical models construction,
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(iii) interpreting and analysing results of computing experiment, which lead to a deep-
er understanding of fundamental concepts that are studied. The use of SCM Maxima
provides the ability (i) to provide adequate educational, methodical and scientific-
research activities, (ii) to implement innovations into the educational process, (iii) to
realize the interdisciplinary principle, and (iv) to combine independent work with
various forms of collective activities.

The main stages of the solution of such problems is the problem setting (definition
of the objective function, the optimality criterion, the limitations, the accuracy of the
solution) and analysis of the obtained results. The students obtain the system approach
basis in solving problems, and they see the relationship of the content of various aca-
demic disciplines studies.

Summarizing the consideration of the course "Operations research”, it should be
noted that a wide set of tools for computer support of analytical, computing and
graphical operations make the system of computer mathematics one of the main tools
in the professional activities of mathematicians and programmers. The studies using
the Maxima system combine algebraic and computing methods. In this sense, SCM is
the combining link between mathematics and computer science, where the research
focus both on the development of algorithms for symbolic computation and data pro-
cessing using computer and the creation of the programs to implement these algo-
rithms.

2.3 Results of the pedagogical experiment using the Maxima system

During 2010-2014 the experimental research was being conducted. During the exper-
iment they implemented SCM MAXIMA in the process of “Operations research”
teaching concerning the students of the Institute of Physics, Mathematics, Economics
and Information Technology of the Drohobych Ivan Franco State Pedagogical Uni-
versity (education and qualification level "Bachelor", area of knowledge — 0403 "Sys-
tem sciences and cybernetics”, areas of training — 6.040302 " Informatics™). In the
experiment, the specially worked out methodology of “Operations research” teaching
using the Maxima system was tested. In the experiment, on his forming stage, 240
students participated. In the experiment they involved both the local version of the
system, installed on the student computer desktop and the cloud-based version that
was posted on the virtual desktop.

To reveal the students’ achievements the special test that included three kinds of
tasks was formed. The task 1 is aimed at determining the level of formation of profes-
sionally-cognitive component of professional competence, task 2 — on the level of
professional-activity component formation and task 3 - on creativity.

The experiment confirmed the research hypothesis concerning the increase of the
level of professional competences development in the process of studies according to
the worked out methodology. It also showed that by means of cloudy technology
students can achieve greater access to the means of research activities (it is possible to
attain expansion of access to research activity facilities).

Results formative stage of the pedagogical experiment in the control and experi-
mental groups and comparative histogram distribution educational achievements stu-

89



dents on the results the final exam discipline "Operations Research” is shown in Fig.
2.

60,00%
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30,00%
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Fig. 2. A comparison of educational achievements of students on the results of final control the
course "Operations Research™ after the forming stage of the experiment

Processing of the experiment results and evaluation of the efficiency of the developed
technique was carried out by methods of mathematical statistics 9. The objective of
the experiment was to identify differences in the distribution of certain characteristic
(the level of formedness of individual components of professional competence) com-
paring two empirical distributions according to the ? - Pearson criterion, A — Kolmo-
gorov-Smirnov criterion 9, p. 4].

x? - Pearson criterion. The samples in the study are random and independent. The
measurement scale is C = 7 categories (1-39, 40-59, 60-66, 67-74, 75-81, 82-89, 90-
100). The number of the degree of freedomv=C -2 =5,

The null hypothesis HO: the distribution of the estimates for the student residual
knowledges concerning the use of systems of computer mathematics in the control
(n1 = 56) and experimental samples (n, = 64) to the forming stage of the experiment
do not differ (i=0, 1, ..., 6).

Qi; — number of participants in the control group who scored i points;

Q2 — number of participants in the experimental group who scored i points.

Alternative hypothesis H1: the distribution of the estimates for the student residual
knowledges concerning the use of systems of computer mathematics in the control
(n1 = 56) and experimental samples (n, = 64) to the forming stage of the experiment
differ (i=0, 1, ..., 6).The value of ? is calculated according to the formula

1 i (leZi — nZQli )2

nln2 i=0 Qli +Q2i

exp

Since the obtained value Texp< Tcritical (2,372723< 11,07) does not fall in the criti-
cal region [?, +o0], this suggests that before the forming stage of the experiment the
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level of students’ residual knowledge concerning SCM using in the control and exper-
imental groups do not differ significantly.

The level of students knowledge on the course "Operations research” as well as
professional disciplines was checked according to the results of complex state exami-
nation to justify the influence of methodology of SCM using as “Operations research”
teaching tools on the increase in the level of some components of professional compe-
tence.

Null hypothesis Hq: distribution of students estimations on “Operations research”
in the control (ny = 56) and experimental samples (n, = 64) after the formative form-
ing stage of the experiment do not differ 1=0, 1, ..., 6).

Q1; — number of participants in the control group who scored i points;

Qi — number of participants in the experimental group who scored i points.

Alternative hypothesis H1: distribution of students estimations on “Operations re-
search” in the control (n1 = 56) and experimental samples (n2 = 64) after the forma-
tive forming stage of the experiment differ 1=0, 1, ..., 6).

The calculation of y? criterion for the experimental and control samples after con-
ducting the formative stage of the experiment showed that Texp > Teritical
(30,20408> 11,07). This is the reason for rejecting the null hypothesis.

The acceptance of the alternative hypothesis suggests that these samples have sta-
tistically significant differences, i.e., the experimental method is more effective than
the traditional one.

Taking into account that in the experimental groups the training of students was
performed according to the developed methodology, it can be assumed that this con-
tributed to the achievement of better results. Therefore, it is possible to speak of ex-
perimental confirmation of the hypotheses.

Summarizing, we conclude that the pedagogical experiment confirmed the hypoth-
esis of the study. Analysis of the results indicates the increase in the level of for-
mation of individual components of professional competence using the developed
methodical system and, consequently, its effectiveness.

3 Conclusions and Prospects for Further Work

SCM implementation in the process of training of pre-service professionals in com-
puter science provides an opportunity to intensify the educational-cognitive activity of
students, assists to development of their creative abilities, mathematical intuition and
skills of research activities realization. SCM systematic using contributes to students
attitude toward a computer as to the means of solving professional problems. Such
students gain more knowledge not only in mathematical disciplines but also in com-
puter science. As a rule, they have no psychological barrier to using sophisticated
software tools. On the contrary, they are attracted by the programs created at a high
professional level, and they notice the unique application possibilities of such sys-
tems. SCM is an environment for learning tools projecting and, consequently, can be
used for the creation of innovative pedagogical technologies. The perspective direc-
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tion is using the tools of this type "in the cloud" when there are more possibilities of
adaptation of the learning environment to the learning needs of the user.

The prospect of further research is to expand the range of research tasks that can be

solved using the proposed cloud-based component, further testing and comparison
with other cloud-centric software products on the basis of the certain system of indi-
cators.
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Abstract. In the article, the problems of the systems of computer mathematics
use as a tool for the students learning and research activities support are investi-
gated. The promising ways of providing access to the mathematical software in
the university learning and research environment are considered. The special
aspects of pedagogical applications of these systems to support mathematics
and computer science disciplines study in a pedagogical university are consid-
ered. The design and evaluation of the cloud-based learning components with
the use of the systems of computer mathematics (on the example of the Maxima
system and CoCalc) as enchasing the investigative approach to and increasing
pedagogical outcomes is justified. The set of psychological and pedagogical and
also technological criteria of evaluation is used to compare different approaches
to the environment design. The results of pedagogical experiment are provided.
The analysis and evaluation of existing experience of mathematical software
use both in SaaS and laaS cloud-based settings is proposed.

Keywords: Cloud computing, systems of computer mathematics, learning
tools, mathematical disciplines, learning environment, pedagogical university.

1 Introduction

1.1  Research objectives

In the modern information-educational environment there are new models of learning
and research activity organization that are based on innovative technological solu-
tions. The question of this environment facilities and services organization to enhance
the pedagogical effect of modern ICT use comes to the fore. To attain the increase of
learning outcomes and also the improvement of the students’ research activity the
innovative educational approaches are in demand.

A separate set of problems concerns to the application of software packages for the
implementation of various mathematical operations, actions and calculations, these
are the so-called Systems of Computer Mathematics (SCM), including Maple Net,
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MATLAB web-server, WebMathematica, Calculation Laboratory, CoCalc and others
[12, 14]. These systems are the most common types of mathematical software, being a
part of the modern learning environment of educational institutions [4, 5, 7, 8]. The
problems emerge when searching for promising methods and models of these systems
use to enhance the pedagogical outcomes and provide the investigative approach to
learning of engineering and mathematics disciplines.

The aim of the article is the justification of the cloud-based learning components
design with the use of the systems of computer mathematics (on the example of the
Maxima system and CoCalc) as enchasing the investigative approach to learning and
pedagogical outcomes.

1.2  The Problem Statement

Nowadays, SCM make a significant impact on the content and forms of learning
mathematics and informatics disciplines in higher educational institutions.

A separate set of problems relates to the use of mathematical software tools to en-
hance the investigative approach to learning. There are two factors in this respect that
may significantly influence the investigative activity of students. Firstly SCM bring
the possibility to address the basic notions of mathematics on the research level. Due
to this the concepts of soft computation, discrete mathematics and others that are
mainly computer oriented are included in the learning content. Secondly, SCM being
the tool for computer modelling as the general method of investigation that is the
fundamental base of all mathematics and computer science disciplines become the
instrument of research.

There is a significant demand in the expansion of access to research activities tools
while learning informatics and mathematics disciplines in educational universities as
well as modernization of the learning environment with the use of current ICT tools,
especially the cloud-based ones.

The progress in the area has provided new insights into the problems of education-
al learning environment development, bringing new models and approaches. These
tools make a great impact on the learning data processing changing the content, meth-
ods and organizational forms of learning, lifting the restrictions or significantly im-
proving access for all participants [10].

So, the modeling and analysis of the learning components design and deployment
and available learning experience of its use in view of the current tendencies of the
modern advance of the cloud-based mathematical software has come to the fore.

1.3  The Research Methods

The research method involved analyzing the current research (including the domestic,
Ukrainian and foreign experience of the cloud-based learning services and mathemat-
ical software use in educational institutions in Ukraine and abroad), evaluation of
existing approaches to software delivery, their advantages and disadvantages; com-
parison of promising ways of popular mathematical software implementation "in the
cloud", examining the models and approaches, technological solutions and psycholog-
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ical and pedagogical assumptions about better ways of introducing innovative tech-
nologies into the learning process. The cloud-based component with the use of the
Maxima system was designed and elaborated within the study undertaken in 2012-
2014 in the Institute of Information Technologies and Learning Tools of NAES of
Ukraine devoted to the use of the SCM for the informatics bachelors training
(U. Kohut). The learning component for math disciplines study was elaborated within
the research undertaken in 2013-2016 (M. Popel). The special indicators to reveal ICT
competence of educational personnel trained within the cloud-based learning envi-
ronment and also the learning components quality evaluation indicators were elabo-
rated within the research work devoted to the university cloud-based learning and
research environment formation and development held in 2012-2014 in the Institute
of Information Technologies and Learning Tools of NAES of Ukraine
(M. Shyshkina). To measure the efficiency of the proposed approach the pedagogical
experiment was undertaken in Drohobych Ivan Franko State Pedagogical University.
The expert quality evaluation of the cloud-based components elaborated in the study
was implemented. The approach and methodology were grounded within the research
work “Methodology of the cloud-based learning environment of educational institu-
tion formation” that was held in the Institute of Information Technologies and Learn-
ing Tools of NAES of Ukraine in 2015-2017, Registration number 0115U002231
(coordinated by M. Shyshkina).

2 The State of the Art

The analysis of the domestic (Ukrainian) and international experience of ICT use of in
the process of informatics disciplines learning testifies that such class of ICT-based
learning tools as the systems of computer mathematics (SCM) constantly attracts an
attention of researchers [4, 5, 8]. These systems, that are complex, multifunctional,
powerful enough and at the same time simple in the use, become irreplaceable in
maintenance of various processes of numerical accounts, patterns visualization, reali-
zation of symbol operations, algorithms and procedures [7, 8]. SCM is the environ-
ment for design and use of learning tools and components for informatics and mathe-
matics disciplines, forming innovative pedagogical technologies.

In the recent years, the mathematics and informatics disciplines learning tools and
technologies have been actively developed with the use of the cloud computing ap-
proach [4, 8]. This conception significantly changes the existing views on the organi-
zation of access and integration of applications, so there is a possibility to manage
larger ICT infrastructures that allow to create and use both individual and collective
"clouds" in a cloud-oriented educational space [1, 7].

Localization of such tools as SCM "in the cloud" is the perspective trend of their
development when there are more possibilities for adapting the learning environment
to educational demands, individual needs and goals of the learners. There is expan-
sion of a "spectrum™ of research activities due to both fundamentalization of informat-
ics disciplines teaching content and expansion of access to research activities tools. In
this regard, there is a need to consider the issues of theoretical and methodical
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grounding of the SCM-based learning components design, revealing advantages and
disadvantages of different approaches to their deployment and implementation.

The use of CoCalc cloud service in the learning process is possible by SaaS model,
as this software is provided in such mode. The method of its use for several math
disciplines study is considered in [3].

The Maxima system is provided in the local version. The cloud-based learning
component with the use of this system was elaborated specially for the needs of learn-
ing several informatics disciplines, in particular, operations research study [8, 9].

The use of SCM Maxima in the process of operations research study aims at the
forming of students’ ICT-competences due to: the acquaintance with functional char-
acteristics of SCM Maxima; developing skills of mathematical research of the applied
tasks, in particular, the construction of mathematical models; mastering programming
in the SCM Maxima environment; obtaining the necessary knowledge base for study-
ing other math and informatics disciplines; increasing the level of informatics ac-
quirement by means of the extensive use of SCM and cloud-based systems in the
educational process and research work.

Methodical peculiarities of teaching optimization methods and operations research
using WEB-SCM are analyzed in the work of Trius Y. V. [6]. The graphical interface
of SCM Maxima for modelling animations is described in detail in the work of
Bugaets N. O. and examples of creating the animation evident models and their use
for development of educational-research abilities are given [2]. The problems of the
right choice of SCM to support learning and research activity and elaboration of the
most advisable methods of its use for math and computer science discipline so as to
enhance the investigative activity of the students remain crucial in the area.

The Maxima system is provided in the local version still there is a way to install
this system for the virtual desktop of the students using the laaS cloud service model.
Another way for the learning environment design may be realized with the CoCalc
system which is provided by SaaS model [3]. The comparison and justification of two
different approaches to learning components design need special attention.

3 The Research Results

The choice of SCM to support the investigative approach to learning depends on the
input data and results to be obtained. For example, the analytical model of the investi-
gated phenomenon or object is more interesting for a physicist-theorist, so it is better
to use the packages such as Mathematica, Maple and Maxima. Physicists-
experimenters would rather use the MATLAB system for large data sets processing
[8, p. 138].

Special attention should be paid to Maxima system, as it is easy in learning, in
solving the problems does not yield to such systems as Maple and Mathematica and is
freely distributable. It is equipped with a menu system that allows perform symbol
conversions, solve equations, compute limits, derivatives, integrals and the like, with-
out mastering the language for the description of the commands to perform these ac-
tions. Therefore, Maxima system can be used for informatics and mathematics disci-
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plines learning even in the first course of the educational university [8]. Maxima sys-
tem introduction will not cause any difficulties for students in solving tasks of math-
ematical analysis and linear algebra — the students are required only to select a menu
item and enter the expression. However, for programming in Maxima system, one
needs knowledge of language and syntax, as well as certain commands [8, p.138].

The use of the cloud-based tools of SCM design is a significant factor in the ex-
pansion of access to them in the process of teaching and research activities in the field
of informatics and mathematics. If research activity was provided only in specially
created situations in the case of application of a local version of the tool, in case of the
cloud-based version more attention can be paid to the independent work, and research
activity is extended outside the classroom time [8].

For this purpose the technology of "virtual desktop” was applied, where the data
storage and processing were maintained in the data center. Also, for a user, the work
with cloud applications, appealed via the Internet browser, does not differ from the
work with software installed on a desktop of the user’s personal computer [8].

The use of software that is installed on the student’s virtual desktop (I) does not re-
quire spending learning time on installing and updating, (I1) the conditions for more
differentiated approach to learning are created, and (I11) provides the opportunity to
focus on the basics of the teaching material [8].

The necessity to use SCM in the educational process is also caused by the fact that
working with them provides students with the real opportunity to acquire skills to
solve practical problems using the conventional scheme: setting of the problem
—defining modeling goals — mathematical model development — election of math-
ematical method and algorithm of problem solution — implementation of mathemati-
cal model using SCM — calculations — analysis of the results obtained and their
interpretation — making the decision.

A large number of practical problems are studied within the discipline "Operations
research”, which are easy to interpret as optimization problems on graphs. The exam-
ples of such tasks are (1) searching for the shortest route between two settlements, (1)
determination of the maximal admission characteristics of the oil pipeline, and (lI1)
scheduling the execution of the project works etc.

When solving optimization problems on graphs the interdisciplinary relationships
of informatics, mathematics, economics and other disciplines are realized that con-
tributes to the intellectual development of students on the basis of forming ideas about
the integrity of vision of the world, ensures the formation of skills and not only de-
clarative but also procedural knowledge. The graph theory problems solution devel-
ops the students ability to represent the problem in the graph theory language, and
then to interpret the solution in terms of the original problem.

Summarizing the consideration of the course "Operations research”, it should be
noted that a wide set of tools for computer support of analytical, computing and
graphical operations make the system of computer mathematics to be one of the main
tools in the professional activities of mathematicians and programmers. The studies
using Maxima system combine algebraic and computing methods. In this sense, SCM
is the combining link between mathematics and computer science, where the research
focus both on the development of algorithms for symbolic computation and data pro-
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cessing using computer and the creation of the programs to implement these algo-
rithms.

3.1  The Results of the Pedagogical Experiment of Using Maxima for
Learning Mathematics and Informatics Disciplines in Pedagogical
University

During 2010-2014 the experimental research was being conducted. During the exper-
iment, SCM MAXIMA was implemented in the process of operations research teach-
ing concerning the students of the Institute of Physics, Mathematics, Economics and
Information Technology of the Drohobych Ivan Franco State Pedagogical University
(education and qualification level "Bachelor”, area of knowledge — 0403 "System
sciences and cybernetics”, areas of training — 6.040302 " Informatics™). In the experi-
ment, the specially developed learning method of operations research teaching using
Maxima system was tested. At the formative stage of the experiment, there was 240
students participated. The experiment confirmed the research hypothesis concerning
the increase of the level of professional competences development in the process of
study due to the use of the proposed learning technique [8, 10]. It was also showed
that by means of the cloud technology the students can get better access to the re-
search activity tools and facilities.

The special aspect of the study was the learning method application using the cloud
version of the Maxima system that was posted on a virtual desktop. In the first case
study (with the local version), this tool was applied only in special training situations.
In the second case study (the cloud version) the students’ research activity with the
system extended beyond the classroom time.

The cloud-based learning component used in the experiment has undergone a qual-
ity estimation. The method of learning resources quality estimation developed in the
joint laboratory of educational quality management with the use of ICT [7] was used
and adapted for this study. The 20 experts were specially selected as having experi-
ence in teaching professional disciplines focused on the use of ICT and being in-
volved in the evaluation process. The experts evaluated the electronic resource by two
groups of parameters. The first group contained 7 technological parameters: ease of
access; clarity of the interface; sustainability; support of collaborative work, ease of
integration; mobility; and usefulness. The second group contained 9 psychological
and pedagogical parameters: the scientific clarity; accessibility; fostering the intellec-
tual development; problem orientation; personalization; adaptability; methodical use-
fulness; professional orientation; and feedback connection. The results of the quality
parameters valorisation and the experts’ concordance research are described in [9].

The problem was: is it reasonable and feasible to arrange the environment in a pro-
posed way? For this purpose, there were two questionnaires proposed to an expert
concerning two groups of parameters. The 20 experts estimated 16 parameters (there
were 7 technological and 9 psychological and pedagogical among them). A four-point
scale (0 (no), 1 (low), 2 (good), 3 (excellent)) was used for the questions.

The resulting average value was calculated for every parameter among the techno-
logical ones : “Ease of access” = 2.1, “Interface clarity” = 2.4, “Responsiveness” =
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2.1, “Sustainability” = 2.56, “Support of Collaborative work” = 2.0, “Ease of Integra-
tion” = 2.0, “Usefulness” = 2.8, the total value was 2.3 [9].

The resulting average values for every psychological and pedagogical parameter
was calculated as: “Scientific clarity” = 2.6, “Accessibility” = 2.7, “Fostering the
intellectual development” = 2.5, “Problem orientation” = 2.8, “Personalization” = 2.8,
“Adaptability” = 2.6, “Methodical usefulness” = 2.81, “Professional orientation” =
2,75, “Feedback connection” = 2,75. The total value was 2.71 [9].

The resulted average criterion of EER quality K=2,59. This characterises the re-
source quality as sufficient for further implementation and use [8, 9].

We can see that the results of the cloud-based component evaluation by the set of
technological and also psychological and pedagogical indicators reveal the usefulness
of this component to support the investigative approach to learning. The highest
scores of the parameters’ values are “Scientific clarity” = 2.6, “Accessibility” = 2.7,
“Fostering the intellectual development” = 2.5, “Problem orientation” = 2.8, “Person-
alization” = 2.8, “Adaptability” = 2.6, “Methodical usefulness” = 2.81, “Professional
orientation” = 2,75, “Feedback connection” = 2,75. Just these kinds of indicators are
the most important and “responsible” for the investigative activity of the learner. This
fact also supports the hypothesis that the introduction of SCM into the learning pro-
cess in particular within the cloud-based settings really extends the boundaries of the
students research activities expanding it into the broader context.

3.2  The experimental Results of Using CoCalc for Learning Mathematics
Disciplines in Pedagogical University

The application of cloud services leads to the emergence and development of forms of
training organization focused on joint educational activities on the Internet. It is
shown that cloud services in the training of pre-service mathematics teachers are ex-
pediently used as tools for:

— communication (synchronous — chats, voice and video; asynchronous — mail, fo-
rums),

— collaboration (data access, sharing and collaboration with other users),

— storage and processing of data.

The trends for using CoCalc in the training of mathematics teachers-to-be are as fol-
lows:

— organization of educational communication;

— support of individual and group forms of organization of educational activities
(classroom and extracurricular);

— support of training management;

— providing visibility by constructing different interpretations of mathematical mod-
els, visualizing mathematical abstractions, etc.;

— providing accessibility and knowledge using the shared interface for access to en-
vironmental objects and reliable open source software;
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— increase in time and spatial mobility; the formation of a single learning environ-
ment, the content of which develops in the learning process.

The control and experimental groups were formed as follows: the control groups (CG)
included the students trained according to the traditional method of mathematics
teachers’ professional competencies formation; the experimental groups (EG) includ-
ed students trained according to the author's technique for using CoCalc as a training
tool for mathematics teachers’ pre-service training.

Summarizing the obtained results of the confirmatory stage of the pedagogical ex-
periment, it can be argued that:

— the vast majority of students and teachers have the opportunity to work with the
cloud-based CoCalc service both at universities and at home;

— students in most cases do not use cloud services in the learning process, except for
their use as cloud storage;

— students are interested in implementing the CoCalc cloud service in the learning
process, but students are not ready for this;

— students at the beginning of the experiment showed a low level of information and
technological and subject-pedagogical competencies formation, sufficient mathe-
matical competencies;

— students and teachers use only free software tools (mostly local computer mathe-
matics systems).

The following components of the subject, technological and professional-practical
competencies were examined: subject-pedagogical, informational-technological and
mathematical competencies. Each component was considered separately, and the
values were calculated according to the levels: high, sufficient, average and low. For
data analysis, matches (at the initial stage of the experiment) and differences (after the
forming stage of the experiment) of the experimental and control group characteristics
were determined according to Fisher's criterion. For this purpose, statistical hypothe-
ses were formulated: the absence of differences between the levels of formation of the
individual components of the system of professional competencies and the signifi-
cance of differences between the levels of formation of selected components.

Analyzing the obtained results at the summarising stage of the experiment, it can
be concluded that the levels of formation of professional competences of mathematics
pre-service teachers in control and experimental groups coincide with the level of
significance =0,05.

Comparing the levels of the formation of professional competencies in the control
and experimental groups at the beginning of the formative stage and at the end of the
experiment, one can observe an increase in the proportion of students with high and
average levels of professional competence.

The cloud-based learning component with the use of CoCalc has undergone a qual-
ity estimation by the same method and the same set of indicators as the Maxima sys-
tem learning component.

The resulting average value was calculated for every parameter among the techno-
logical ones (Fig. 2): “Ease of access” = 2.3, “Interface clarity” = 2.0, “Responsive-
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ness” = 2.1, “Sustainability” = 2.3, “Support of Collaborative work” = 2.6, “Ease of
Integration” = 2.0, “Usefulness” = 2.6, the total value was 2.27.

mCoCale ™ SageMathCloud

Fig. 1. The average value was calculated for every parameter among the technological indica-
tors for CoCalc

The resulting average values for every psychological and pedagogical parameter
was calculated as (Fig. 3): “Scientific clarity” = 2.5, “Accessibility” = 2.4, “Fostering
the intellectual development” = 2.4, “Problem orientation” = 2.3, “Personalization” =
2.6, “Adaptability” = 2.4, “Methodical usefulness” = 2.6, “Professional orientation” =
2,5, “Feedback connection” = 2,7. The total value was 2.49 [9].
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mCoCale mSageMathCloud

Fig. 2. The average values for every psychological and pedagogical parameter indicators for
CoCalc

The resulted average criterion of EER quality K=2,38. This characterizes the re-
source quality as sufficient for further implementation and use. It shows that these
components don’t seem to have quite different differ scores by approach even being
implemented for different tasks and disciplines. The CoCalc component still has ra-
ther high scores by “Support of Collaborative work™ and by “Feedback connection”
and “Personalization”. This ensures an individual approach to learning with the use of
this tool.

4 Conclusions and Discussion

The results of the study indicate certain movement in the development of new ways to
create and use the software for educational purposes.

The use of mathematical packages to support the investigative approach to learning
involves (1) understanding of the problems of the learning domain for proper use of
SCM; (I1) understanding the methodology of developing the algorithm from the
mathematical statements and formation of the ability to apply this methodology; and
(111) the ability to carry out the estimation of the algorithm “at run-time and memory
requirements. In this case, SCM is to provide the tools for modelling and research of
the domain objects in the learning process, to make experiments and approve the re-
sults.

The introduction and design of the cloud-based learning components into the pro-
cess of training contributes to the growth of access to the best examples of electronic
resources and services to support the research activities and person-oriented approach
within the learning process. The use of these technologies adds and provides an op-
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portunity to explore and develop an investigative approach to learning, which in turn
leads to the development of new strategies and methodology of teaching of mathemat-
ics and computer science disciplines in educational universities. It brings the possibil-
ity to expand the investigative activity of students beyond the classroom, to provide
the tools for modelling and research of the domain objects in the learning process,
widening the spectrum of research activity due to the content fundamentality and
interdisciplinary links establishment.

There are the tendencies of more active use of the cloud-based platforms for the
software delivery, wider use of services virtualization, as well as their delivery as a
service.
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Abstract. The article sets out to analyze national and foreign experience of use
of electronic textbooks in the system of education; to justify the use of Smart
Kids technology as a system of methods, forms, and electronic educational
game resources, electronic textbooks for educational process in the system of
elementary school. Four forms of implementation of Smart Kids technology
(Smart Case, Smart Teacher, Smart Class, and Smart Kids) were described con-
sidering the facilities of every school as well as the level of information and
communication technology qualification of the elementary school teacher. The
aim of introduction of the technology for each form of teaching, the necessary
equipment, and means for its implementation in elementary school environment
were determined. Based on the procedural approach to work of an elementary
school teacher, six stages of introduction of the technology were justified. Spe-
cific aspects of introduction of blended teaching using the principles of Smart
Kids technology were defined. The experience of introduction of electronic
textbooks to the system of elementary education of Ukraine was described, the
choice of electronic textbooks by elementary school teachers was justified, the
comments and suggestions of teachers regarding the arrangement of electronic
content in E-textbooks were summarized, the main approaches of teachers to
the choice of an electronic textbook and development of their information and
communication competence were specified. It was identified that the forms,
methods, and techniques of use of electronic textbooks in teaching elementary
school pupils require further justification.

Keywords. Electronic Textbook; Electronic Educational Resources (EER);
Electronic Educational Gaming Resources (EEGR), Smart Kids Technology,
Elementary School, ICT, Forms of Teaching, Blended Teaching.

1 Introduction

The topic of the research is of great relevance due to transition of education to the
child-centered, competence building, and activity-based approaches, which is indicat-
ed in Conceptual Principles of Secondary School Reform “The New Ukrainian
School”. Current demands of society to educational process require its practical orien-
tation, in particular use of modern technologies and provision of conditions for self-
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development and self-expression of pupils, considering their individual characteris-
tics.

The legislative basis for introduction of modern technologies to educational pro-
cess in the secondary educational establishments is represented by the Order of the
Cabinet of Ministers of Ukraine “On approval of the Concept of implementation of
“The New Ukrainian School” governmental policy in the sphere of reforming of gen-
eral secondary education for the period till 2029”, the Order of the Cabinet of Minis-
ters of Ukraine “On adoption of the plan of action in introduction of the Concept of
implementation of “The New Ukrainian School” governmental policy in the sphere of
reforming of general secondary education for the period of 2017 — 2019”, the Order of
Ministry of Education and Science, Youth and Sports of Ukraine “On measures in
introduction of electronic educational content”, “On adoption of the Provisions on an
electronic textbook”.

One of the innovations of elementary school is use of electronic educational re-
sources (EER), namely electronic textbooks (E-textbooks) and electronic educational
game resources (EEGR).

As EER we will define educational, scientific, informational, and reference mate-
rials and means, developed in electronic format, available on data carriers of any type
or on computer networks, rendered via electronic digital technical means, and neces-
sary for efficient organization of educational process, particularly the aspects con-
nected with its provision with the high-quality teaching materials [10].

EER is a component of educational process, having the teaching purpose and be-
ing used for learning activities of pupils.

EEGR is a type of electronic educational resource of training purpose which com-
bines cognitive and developing functions, containing holistic theoretical material and
competence building tasks on the academic subject, presented in game form [8, p.
133].

E-textbook is an electronic educational edition that comprises systematized train-
ing material conforming to the curriculum, involves digital objects of different format,
and provides interactivity [9].

In addition to holistic content part, E-textbook contains interactive tasks, namely
those competence building; multimedia fragments for illustration of theoretical mate-
rial, electronic tests for formative assessment, various 3D models, and objects of
augmented reality.

Elementary school teachers state that use of E-textbooks and EEGR in elementary
school should be carried out due to the technology that considers the age characteris-
tics of pupils, as well as the level of qualification of pupils and teachers in modern
educational resources. Scholars note the necessity of development of new models of
educational process organization and use of a system of interactive tasks to provide
the continuous development of cognitive skills of elementary school pupils and stimu-
lation of their cognition, which requires further investigation.

2 Analysis of latest research and publications

E-textbook is the first step in creating a dynamic model of education based on coop-
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eration and networked learning, simultaneously being adaptive for integration with
other Internet tools, including free ones, which provides the conditions for collective
formation of new knowledge and implementation of a new concept of education ac-
cording to social challenges [18].

The works by V.Yu. Bykov [1], S.H. Lytvynova [1], [6], [7], [18], O.M. Melnyk
[11, [7], [8], O.0. Rybalko [11] reveal the concept of “EER”, specifying the demands
to such materials. Gamification aspects intended to enhance the efficiency of teaching
pupils at the Mathematics classes in elementary school are investigated by L.O.
Zhydilova, K.I. Liashenko, A.L. Stolyarevska [5]. The characteristics and criteria of
quality evaluation of E-textbooks are established in the works of foreign scientists
[21].

O.H. Yesina and L.M. Lingur theoretically justified that use of electronic textbook
in educational process provides development of creative and intuitive thinking; esthet-
ic education by means of graphics and multimedia capacities, development of com-
municative skills; fostering skills to make an optimal decision [4].

Positive practical results were achieved in defining the characteristics of use of E-
textbook for independent work intensification. It was proved that the process of work
with E-textbook allows expanding the volume of data and messages submitted, im-
proving the efficiency of extratextual component for self-organization and self-control
of academic achievements [13].

Scholars L.L. Bosova and N.E. Zubchenok distinguish positive directions of intro-
duction of E-textbook to educational process, namely additional opportunities for
assistance and support of learning activity of every pupil as well as organization and
support of group learning activities of pupils [3].

Furthermore, the results suggest two directions in which teachers can use E-
textbooks to raise pupils’ interest in studying: creation of modern conditions for pu-
pils’ work in the classroom and improvement of system of homework preparation
[22].

Developing a holistic conceptual vision of an educational edition of a new type,
discussing the models of introduction of electronic textbook to common practice, and
a range of other crucial aspects are the tasks whose completion largely depend on the
work of scientists, practice teachers etc. [14].

Despite a comparative analysis of pupils’ choice between printed and E-textbooks,
performed by the scholars, no sufficient dependencies in the results of pupils’ work or
demographic characteristics were established. The simplicity of use of the book was
the determining factor of pupils’ choice, which should be taken as a basis for devel-
opment of a modern E-textbook [15; 19].

Some aspects of structure, design, assessment of E-textbook functionality, integra-
tion of information and communication technology for the purpose of support of
learning were analyzed by scientists from different countries. Nevertheless, some
issues of organization of educational process involving E-textbooks were only partial-
ly investigated by scholars and thus require additional research [16].

Unresolved aspects of the problem. Despite the experience and results of foreign
scientists and certain groundworks on this subject by national scholars, as well as
considering novelty of educational processes based on use of textbooks of new type,
the questions of developing the models of use of E-textbooks, defining the character-
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istics of organization of educational process, and efficiency of involving E-textbooks
in teaching pupils of general secondary educational establishments of Ukraine were
not completely resolved by researchers, which requires further investigation.

The purpose of this article is to justify the use of Smart Kids technology and elec-
tronic textbooks in elementary school educational process.

3 Methods of Research

The research was conducted as part of investigation “Smart Kids technology of teach-
ing elementary school pupils”. The methods used in the course of research include
analysis of the theoretical sources, study of the best pedagogical practices of foreign
and national specialists in using electronic educational resources and applying them in
teaching pupils; synthesis, generalization, and conceptualization to devise the main
provisions of the research; modelling the educational process and formulating re-
quirements to electronic textbooks and training of future elementary school teachers;
summarization and assessment of results of choice of electronic textbooks by elemen-
tary school teachers.

4 Research Results

4.1 Smart Kids technology of education of elementary school pupils

As K. Hicks states, a methodological subsystem of secondary educational establish-
ments is to be developing constantly. It results from emergence of new technologies
in education, namely: introduction of innovations, new approaches to cooperation,
cloud technologies, mobile technologies, creation of educational games and gamifica-
tion of educational process; ubiquitous access to open educational content, monitoring
and educational analytics; projecting educational environment [17].

As pedagogical technology we will define a system of methods, forms, and means
of conducting any process pertaining to education [2].

As Smart Kids technology we will define a system of methods, forms, electronic
educational game resources and electronic textbooks to provide education of elemen-
tary school pupil (Fig. 1).

E-textbook and EEGR are the components of Smart Kids technology.

In general, secondary educational establishments, Smart Kids technology is im-
plemented in the following four forms: Smart Case, Smart Teacher, Smart Class, and
Smart Kids. Let us consider them (Fig. 2).

Smart Case Form. The aim: use of E-textbooks/EEGR for stimulation of learning
activity of pupils in a class. The form of work: teamwork. The necessary equipment:
teacher’s briefcase with E-textbooks/EEGR, projector, interactive whiteboard, teach-
er’s computer.

Smart Teacher Form. The aim: use of E-textbooks/EEGR for ubiquitous access of
pupils to teaching materials with the help of their own computers (laptops, tablets).
The form of work: frontal and individual. The necessary equipment: teacher’s brief-
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case with E-textbooks/EEGR, projector, interactive whiteboard, teacher’s computer,
teacher’s virtual office, pupils’ home computers. Teacher uses the virtual office as an
electronic register of quantity and quality of the tasks performed by students. For the

purpose of developing an individual pupil’s trajectory, a teacher can coordinate task
performance by each pupil.

Partially Searchable

Methods l
Problem

Smart Case

Teaching

Smart Teacher
| Forms of Organization
Smart Class

Smart Kids

Electronic Gaming Resources

Electronic Textbooks ILearning ToolsJ

Electronic Educational Resources

Frontal

Group Forms of Training J

Individual

Fig. 1. The Conceptual Structure of Smart Kids Technology

Smart Class

o e
Smart Teacher
Ncul

Smart Case -
| E—

Fig. 2. Forms of implementation of Smart Kids technology in elementary school
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Smart Class Form. The aim: use of E-textbooks/EEGR for developing an individual
pupil’s trajectory. The form of work: individual. The necessary equipment: teacher’s
briefcase with E-textbooks/EEGR, projector, interactive whiteboard, teacher’s com-
puter, tablets for each pupil.

Smart Kids Form. The aim: use of E-textbooks/EEGR for stimulation of learning
activity of pupils in the classroom, provision of the ubiquitous access of pupils to
learning materials, and development of an individual pupil’s improvement trajectory.
The form of work: teamwork, individual, group. The necessary equipment: teacher’s
briefcase with E-textbooks/EEGR, projector, interactive whiteboard, teacher’s com-
puter, tablets for each pupil, teacher’s virtual office, pupils’ home computers.

Use of E-textbooks should be conducted according to the aim and tasks of a les-
son, namely at the beginning, in the middle, at the end of a lesson, or for independent
study at home [7, p. 20]. At the beginning of a lesson, a teacher can use E-
textbooks/EEGR for refreshing the basic knowledge, checking additional tasks, con-
ducting dictations (mathematical, grammar). For knowledge retention, it’s advisable
to use E-textbooks in the middle of the class, which will provide the pupils with an
opportunity to master the skills in writing or solving problems in game form. At the
end of the lesson it is recommended to select the tasks that would allow summarizing
the material learned at the lesson.

Methodological characteristics of Smart Kids technology include organization of
relay competitions, quests, contests, and crosswords.

To provide a health-preserving approach to studying and comply with the health
standards, use of E-textbooks/EEGR at a lesson should not exceed 10-12 minutes.

The main advantages of use of Smart Kids technology include target development
of memory, attention, thought, perception of teaching data from the screen, as well as
development of culture of use of EEGR and electronic textbooks and competences in
educational communication [1], [11], [20].

To introduce Smart Kids technology to elementary school, it’s necessary to own
E-textbooks/EEGR, while for an elementary school teacher to understand the main
stages of introduction of such a technology. Let us consider the stages of introduction
of Smart Kids technology to the system of elementary education (Table 1).

Table 1. Stages of introduction of Smart Kids technology

Stage The content of stage Procedures

Stage 1 Testing one of E- Mastering skills of integration of EEGR
textbooks (or EEGR) during with teaching materials and practical
educational process in con- tasks. Use of E-textbooks/EEGR for
ditions of elementary school  frontal work with a class.

Use of E-textbooks/EEGR in fragmen-
tary mode.

Stage 2 Systematic use of one of  Building skills of organization of frontal
E-textbooks (or EEGR) work with pupils (fragmentary mode)
during educational process
for frontal work with a class

Stage 3 Use of an E-textbook (or Building skills of organization of group
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EEGR) for learning basic work with pupils (fragmentary mode)
disciplines for group work
with a class

Stage 4 Systematic use of an E- Organization of efficient frontal and
textbook (or EEGR) during group work with pupils
educational process both for
frontal and group work

Stage5 Systematic use of E- Establishing pupils’ work at home.

textbooks/EEGR Introduction of elements of blended
teaching
Stage 6 Conscious use of Smart Organization of efficient frontal and

Kids technology for teach- group work with pupils, blended teach-
ing elementary school pu- ing based on E-textbooks/EEGR
pils

4.2 The aspects of blended teaching of elementary school pupils within Smart
Kids technology

Organization of teaching pupils with the help of E-textbooks/EEGR has the features
of blended teaching [13] and can be conducted by two methods.

Method 1. While learning in the classroom, one part of a lesson consists in inde-
pendent work with computers and educational resources, or an electronic textbook,
while the other one — in frontal or group work in copybooks.

Method 2. At home, pupils watch video fragments, get familiarized with new top-
ics, perform independent tasks on computer, while in the classroom summarize, mas-
ter their skills, and acquire competences.

The organization of performing tasks by pupils has some specific characteristics,
in particular:

— independent performing of tasks (in the classroom) using a computer, including
tablets, under teacher’s supervision, complying with health standards (up to 12
minutes) and corresponding to the topic of a lesson;

— independent performing of tasks (at home) using a computer, a tablet, or a
smartphone under parents’ supervision;

— watching video materials in the classroom; a teacher selects the necessary fragment
and presents it to students. Afterwards, the tasks of the following types are performed:
to describe the event; to express opinion on the fragment watched; to provide charac-
teristics of a character; to write a continuation etc.;

— watching video materials at home aimed at revision of the material learned, im-
proving knowledge on the topic learned; creating a picture narration with the purpose
of development of imaginative thinking or attention.
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4.3 The electronic textbooks in elementary school

Organization and introduction of Smart Kids technology to the system of elementary
education at schools require both means of information and communication technolo-
gies (tablets for individual and group work, multimedia means for frontal work) and
electronic educational resources, namely electronic textbooks that can be used by
pupils during educational process in the classroom and at home.

The Law of Ukraine “On education”, adopted in September 2017, specifies that the
state guarantees free supply of textbooks (including electronic ones) for applicants for
complete general secondary education (p. 5, article 75). This presupposes creation and
functioning of a special informational resource on the Internet which will host free
complete electronic versions of printed textbooks or electronic textbooks to provide
pupils with complete general secondary education.

In 2018, due to “Provisions on electronic textbook”, first electronic textbooks for
elementary school (1% grade) were developed in Ukraine, including: “Ya doslidzhuiu
svit” (“I investigate the world”), “Mystetstvo™ (“Art”), “Ukrainska mova. Bukvar”
(“Ukrainian language. Primer”), “Matematyka” (“Mathematics”) (The Order of the
Ministry of Education and Science of Ukraine No. 1078 of 04/10/18 “On assigning
the status “Recommended by the Ministry of Education and Science of Ukraine” to
electronic textbooks for elementary grades of The New Ukrainian School”).

Three publishers — “Ranok”, “Heneza”, and “Rozumnyky” — took part in develop-
ment of the textbooks. In selecting the technology of electronic textbook arrangement,
“Ranok” and “Rozumnyky” publishers chose the PDF-format of a printed textbook,
additionally providing it with a range of interactive exercises, accompanying sounds
and developing the navigation similar to that of a traditional one, while “Heneza”
publisher followed another approach, creating a textbook by analogy with a computer
game.

Organization of the choice of e-textbooks (50 schools of Ukraine taking part in the
experiment “Electronic textbook for general secondary education” (EBSE)): e-
textbooks were placed in the electronic library; all participants of the experiment had
access to them; the choice of e-textbook was recorded in a paper questionnaire and
sent for compilation by e-mail. Selection of electronic books by elementary school
teachers showed the following results:

Electronic textbook on integrated course “Ya doslidzhuiu svit” (“I investigate the
world”), 1% grade (Table 2, Fig. 3).

Table 2. The results of choice of “Ya doslidzhuiu svit” (“I investigate the
world”) E-textbook

No. Publisher Authors Rating
1 “Rozumnyky Publish- Voronstova, T.V.,  Ponomaren- 2/31%
er” LLC ko, V.S., Khomych, O.L., Har-
buziuk, 1.V., Andruk, N.V,
Vasylenko, K.S.
2 “Ranok Publisher” LLC  Bibik, N.M., Bondarchuk, H.P. 1/37%
3 “Ranok Publisher” LLC  Bolshakova, 1.0., 3/26%

Prystinska, M.S.

112



4 “Ranok Publisher” LLC  Tahlina, O.V., Ivanova, H.Zh 4/6%
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Fig. 3. Interactive exercises of “I investigate the world” E-textbook
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2) Electronic textbook on integrated course “Mystetstvo” (“Art”), 1%t grade (Table 3,

Fig. 4).
Table 3. The results of choice of “Mystetstvo” (“Art”) E-textbook

No Publisher Authors Rating

1 “Rozumnyky Publish- Kalinichenko, O.V., Arysto- 2/29%
er” LLC va, L.S.

2 “Heneza Publisher” LLC,  Masol, L.M., Haidamaka, O.V., 1/53%
“Bristar” PE Kolotylo, O.M.

3 “Ranok Publisher” LLC Rublia, T.Ye., Shchehlova, T.L., 3/18%
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Fig. 4. Interactive exercises of “Art” E-textbook
3) Electronic textbook “Matematyka” (“Mathematics™), 1%t grade (Table 4, Fig.
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Table 4. The results of choice of “Matematyka” (“Mathematics”) E-textbook

No. Publisher Authors Rating

1 “Rozumnyky Publish- Bevz, V.H., Vasylieva, D.M. 2/48%
er” LLC

2 “Ranok Publisher” LLC His, O.M, Filiak, 1.V. 1/52%
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Fig. 5. 3D interactive models in “Mathematics” E-textbook

9%

Aponcaap  Bymosatina  Buyrpusioprams (O] 2R mozaik30D

4) Electronic textbook “Ukrainska mova. Bukvar” (“Ukrainian language. Primer”)
for 1% grade was submitted by one publisher, namely “Rozumnyky Publish-
er” LLC, the authors: Vashulenko, M.S., Vashulenko, O.V. (Fig. 6).
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Fig. 6. Text voicing and motivation exercises in “Ukrainian language: Primer”
E-textbook

The difference in shares of the selected electronic textbooks among the publishers
equaled approximately 6%, yet, it was characteristic of only 2 schools.

After selection of textbooks, a blitz survey was conducted, aimed at defining the
approaches to the choice and attitude of elementary school teachers to a textbook of
new type. Let us consider the results.
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Question 1 related to work experience of the teachers. The results on work experi-
ence of the teachers willing to use first E-textbooks proved to be unexpected. These
were not teacher specialists but practice teachers with more than 16 years of work
experience (fig. 7).

Up to 5 years old _ 11,1%
6 - 10 years - 7,4%
11 - 15 years - 7,4%
16 - 20 years _ 22,2%
21-25 years _ 33,3%
From26yearsold | 185%

Fig. 7. Work experience of teachers using the first E-textbooks

Question 2 was connected with approaches to the choice of E-textbooks (fig. 8).

It was no concern to
me, | chose the
familiar authors;

0%

Fig. 8. Approaches to the choice of E-textbooks

As we can see, the majority of teachers — 63% — chose the specific electronic text-
book, since they were already familiar with the content of a similar printed textbook,
the authors of the textbook, and they had experience of using the printed textbook in
educational process.

Question 3 concerned the positive characteristics of an innovative E-textbook (the
process of familiarization) (fig. 9).
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I liked the arrangement of the text _ 44%

| liked the navigation of the _ o
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| liked the voicing of content of the 0
textbook - 22%

0% 20% 40% 60% 80%

Fig. 9. Positive characteristics of E-textbooks

It would be appropriate to notice that the teachers were satisfied with technologies of
arrangement of interactive exercises, content and pictures, the design of E-textbooks,
and the interactive models presented.

Question 4 was dedicated to suggestions of elementary school teachers concerning
the content and technologies of representation of E-textbooks. The teachers are of the
opinion that it’s necessary:

— to increase the number of interactive exercises;

— to enhance the task variability;

— to provide alternation of types of interactive exercises (for diversity at the les-
sons);

— to add situational exercises, role-play situations, modelling;

— to introduce appendices with the etymology of new words.

In analyzing the answers, it was found that the E-textbook generally satisfies the
needs of educational process in elementary school, yet the practice teachers consider
it necessary to saturate the E-textbook with interactive exercises (to increase their
number) and provide more variability.

Certain comments on the projects of E-textbooks were submitted by The Commit-
tee on digital technologies in education with Ministry of Education and Science of
Ukraine, in particular:

— cautions on development of electronic textbooks based on paid software;
— certain hyperlinks in E-textbooks were redirecting to resources on YouTube;
— voicing of the text in certain electronic textbooks was partially provided.

All these comments should be considered by publishers in improvement of first

electronic textbooks.

116



Generally, the electronic textbooks presented were highly appreciated by elemen-
tary school teachers and, thus, can be used in educational process within elementary
education reforming and introduction of pedagogical technologies, namely Smart
Kids.

4.4  Examples of implementation of E-textbook in teaching 1st grade students

According to the 1st grade curriculum within the New Ukrainian School reform
(Ukraine), interactive exercises should correspond to the content of educational mate-
rial (the designation of sounds by letters; familiarity with letters denoting consonants;
teaching the basic technique of reading a direct syllable with a letter designating a
vowel sound, etc.) as well as promote students’ learning achievements (recognition
and distinguishing between letters to indicate vowels and consonants; reading sylla-
bles, etc.).

Fragment of the lesson script for 6 years old students (1st grade) using interactive
exercises from an electronic textbook (within not more than 12 minutes per a lesson)
is represented below.

1. Start working with an electronic textbook (Fig. 10).

Students: pronounce the sound and the letter “D”, listen to the text, read straight
syllables aloud, and work out the skills of navigation and movement of objects in the
electronic textbook.

Learning achievements: students get acquainted with the letter “D”, study (memo-
rize) its designations, give examples of words with the letter “D” orally, compare
sounds.

2. Work in groups. Didactic game "Recognize the letter D" (Fig. 11).

Students: perform interactive exercises in the electronic textbook.

Learning Achievements: Students recognize the letter “D” among other letters and
count its number.

Hazaw 30bpameni npesmeTh. ATy o=, w \
/ | v |

¥ .
\“‘;,‘\ ) —el—e- Sel—e-
;,_,'\ s e UL L. =
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Fig. 10. The fragment of refreshing Fig. 11. Fragment of the exercise
of students’ knowledge “Recognize the letter “D™”

3. Individual work (students work on tablets). “Puzzles” didactic game (Fig. 12).
Students: perform interactive mapping exercises posted in an electronic textbook,
pronounce sounds and letters.

Learning Achievements: Students distinguish the letter “D” from the list provided
and pronounce the sound and the letter.
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4. Frontal work. Reading syllables in direct and reverse manners (Fig. 13).

Students: learn syllables, pronounce them, move them, complete interactive exer-
cises with an e-textbook.

Learning Achievements: students acquired the skills of the basic techniques of
reading direct syllables with the letter “D”, increased the level of IC-competence.

1 5
A ®

Yoy ﬂ‘ ~ b E A = oy JO BE TI MM AY BE JA A
f 3.3 { )
(.;) f-g)
Fig. 12. The fragment of the interac- Fig. 13. The fragment of “Sylla-
tive exercise “Puzzles” bles” interactive task

5. Let’s do some eyes exercises. Finish working with the electronic textbook.

5 Discussing and suggestions on training elementary school
teachers in use of Smart Kids technology

Currently, there emerges a need for training elementary school teachers in use of elec-
tronic textbooks or EEGR during a lesson, in organization of pupils” work by means
of information and communication technologies after-hours, and in supervision of
pupils’ independent work.

Hence, introduction of Smart Kids technology to elementary school require im-
provement of the content and including to the development and training program of
elementary school teachers the following topics: the concepts of EER, EEGR, and
electronic textbook, the structure and development of EER, use of Smart Kids tech-
nology for teaching pupils, work with network programs for organization of question-
ing of pupils.

The main directions of building competence of a future elementary school teacher
using Smart Kids technology as a component of professional training include: estab-
lishment of learning environment of elementary school; use of multimedia complex
for work with a class; teacher’s briefcase of electronic educational game resources;
forms of implementation of Smart Kids technology; methods of teaching students
using smart Kids technology; organization and methodological aspects of lesson
planning using E-textbooks (namely, EEGR); teacher’s virtual office; monitoring
pupils’ educational attainment; assessment of a lesson using E-textbook (namely,
EEGR); assessment of E-textbooks (namely, EEGR).

These directions of training are to be included in curriculums of higher educational
establishments specializing in training of future elementary school teachers.
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6 Conclusions and recommendations for further research

Use of electronic textbooks (or EEGR) diversify the process of teaching, provides
transition from passive to active methods of teaching, stimulates learning and cogni-
tion activity, allows to develop individual improvement trajectory for each elementary
school pupil [8].

Textbooks of new type — electronic textbooks — become an alternative to a tradi-
tional printed textbook. Various interactive exercises, voicing, formative assessment
provide an opportunity of exciting learning for each child.

New Smart Kids technology provides target development of memory, attention,
thought, perception of teaching data from the computer screen, which is crucial for
development of personality of a pupil in the 21st century. Smart Kids technology is a
system of active target development of a modern elementary school pupil. As a coor-
dinator of this process, a teacher should master the latest teaching technologies based
on ICT. Improvement of the system of training of future elementary school teachers
require not only basic knowledge of computer equipment, but that of new approaches
to establishment of learning environment using new teaching technologies — Smart
Kids.

Modern elementary school teachers should master all modern pedagogical and in-
formation and communication technologies for the purpose of providing child-
centered, competence building, and activity-based studying, as well as implementa-
tion of “The New Ukrainian School” Concept.

Forms, methods, and techniques of use of electronic textbooks in teaching elemen-
tary school pupils require further justification.
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Abstract. Every year there are new technologies used in the education of the
younger generation. The introduction of mobile and portable devices in the ed-
ucational process helps to improve the quality of educational materials by soft-
ware. It complements or expands the content of textbooks and workbooks. The
main trend in software development of educational purposes is the system of
virtual and augmented reality.

VR and AR-technologies provide an opportunity to interact with various
branches of science, ranging from virtual excursions and object studies to ex-
periments in Physics, Biology, Chemistry, Astronomy, etc. Virtual and aug-
mented realities are unique learning environments in various fields of science
reproducing virtual models in details.

There are ready-made products designed for use in specific subject areas.
Most software for learning in virtual and augmented reality have English lan-
guage interface, so it’s a need to develop educational software for Ukrainian-
speaking students and pupils.

Keywords: Virtual reality, Augmented reality, IT, ICT, technology, mobile ap-
plication, secondary school.

1 Introduction

The improvement of teaching methods and the introduction of information technolo-
gies in education are priorities for today. In order to modernize the education system
and popularize science, in recent years, virtual and augmented reality technologies
(VR, AR) are actively used and researched in teaching. The development and research
of these technologies began in the 1950s, but the heyday of VR and AR technologies
has become the last decades.

Augmented reality (AR) is an interactive experience of a real-world environment
where the objects that reside in the real-world are "augmented" by computer-
generated perceptual information, sometimes across multiple sensory modalities, in-
cluding visual, auditory, haptic, somatosensory, and olfactory [1].
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The primary value of augmented reality is that it brings components of the digital
world into a person's perception of the real world, and does so not as a simple display
of data, but through the integration of immersive sensations that are perceived as natu-
ral parts of an environment.

Virtual reality (VR) is a popular information technology (IT) area that provides
an indirect experience by creating a virtual space that interacts with the human senso-
ry systems and overcomes spatial and physical constraints of the real world (Electron-
ics and Telecommunications Research Institute (ETRI), 2001).

VR technology can be categorized as follows: expression technology for stimulat-
ing human sensory systems, interaction technology for interfacing reality with VR,
authoring technology for developing VR content, and collaboration technology that
networks multiple participants within VR (ETRI, 2001) [2].

Using objects of these technologies allows the teacher to quickly and affordably to
explain a large amount of theoretical material, and students to learn effectively it de-
velops in them a creative thinking and enhances the motivation to learn.

Scientists, teachers and students are actively engaged in technology research and
concepts of virtual reality in Ukraine and abroad.

Ukrainian authors Iryna Melnyk, Nadezhda Zaderey and Galina Nefyodova in their
work “Augmented Reality and Virtual Reality as the Resources of Students’ Educa-
tional Activity” [3] describe not only the importance of virtual and augmented reality
technologies, but also reveal the concept of unified reality (merged reality, MR), in
which the boundaries between augmented, virtual and physical worlds are erased.
Experts of the research division of Ericsson ConsumerLab, studied the influence of
AR and VR technologies on the habits and preferences of users and were the first to
come to this conclusion. In work [4], the author describes the process of using virtual
reality with new opportunities in learning and education.

From the works of foreign scientists, we identified two of the most interesting —
“Virtual reality: A brief survey” by scientists from India Namrata Singh and Sarvpal
Singh, which was published in 2017 by “International Conference on Information
Communication and Embedded Systems (ICICES)” [5] and “The Reality of Virtual
Reality” (by Myeung-Sook Yoh) [6]. In these works, the authors explore the concept
of virtual reality, its history and set out the ontological difference between virtuality,
possibility and actuality. This makes it possible to understand the essence of virtual
reality in various aspects of its use.

The offered model of the training system was tested in the classrooms of school-
children in the learning process at the STEM school established at Kherson State Uni-
versity in 2017. The “Experience of STEM-School” article (written by Nataliya
Kushnir, Nataliya Valko, Nataliya Osipova, Tatiana Bazanova) [7] was written and
published about the STEM school by teachers and students of the CDU; place in the
educational system.

2 Description of the learning system model using VR and AR
Describe the definitions of basic concepts. By the learning system with using VR

and AR, we understand an ordered set of interrelated elements of electronic educa-
tional resources, forms and means of planning and conducting, monitoring, analyzing,
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correcting the educational process, aimed at improving the efficiency of student learn-
ing [8].

The term “trigger image” will be understood as any image on the pages of an
electronic textbook that has the properties of a trigger for a mobile application and
allows displaying elements of augmented reality on the device.

A virtual object is a 3D object that is displayed and used in a mobile application
for demonstration in AR.

In the learning system using VR and AR, we use the following forms adapted for
distance learning using information and communication technologies, namely:

e lectures;

e training manual;
e laboratory works;
testing;

lecture videos;
practical tasks;
glossary;
presentations.

A model of this system is shown in Fig. 4.

£ _Training Manual >

Electronic book -

Electronic
educational
resource using Ff
VR and AR
technologies

Video lectures

Laboratory works >

Practical task >

Presentation >

Fig. 1. Model of a learning system using VR and AR.

A training manual is a book or booklet of instructions, designed to improve the quali-
ty of a performed task. An electronic book, also known as an e-book or eBook, is a
book publication made available in digital form, consisting of text, images, or both,
readable on the flat-panel display of computers or other electronic devices. A test is
an assessment intended to measure a test-taker's knowledge, skill. A test may be ad-
ministered on a computer that requires a test taker to demonstrate or perform a set of
skills. A video lesson or lecture is a video which presents educational material for a
topic which is to be learned. Laboratory and Work and Practical task - one of the
forms of independent practical work for students in higher, specialized secondary, and
general schools. A glossary, also known as a vocabulary or clavis, is an alphabetical
list of terms in a particular domain of knowledge with the definitions for those terms.
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Presentation is a document or set of documents intended to represent the subject
under study. The presentation can be a combination of text, hypertext links, computer
animation, graphics, video, music, which are organized in a single environment.

Before creating a learning system using VR and AR, a scenario plan is required,
which should include the following components:

e name of e-learning resources: e-learning resource using VR and AR technol-
ogies;

e class e-learning resources: Multimedia electronic educational resource;

e a brief description of the content of the e-learning resources: This learning
system using VR and AR is designed to teach students in grades 5-7 to the
basics of robotics;

e number of elements and their description: This learning system using VR
and AR consists of the following elements - an electronic textbook, an elec-
tronic manual, tests, multimedia technology, a VR application, an AR appli-
cation;

e list of tools used: This system is planned to be developed by means of Moo-
dle, additional applications for VR and AR are developed by means of Uni-
ty3D, Vuforia and Autodesk 3ds Max;

e presence of interactivity and multimedia: This system contains multimedia
and interactive elements - tests, videos, simulators;

e description of the user interaction with the content: User interaction is car-
ried out through data exchange with the system server (the User can down-
load the necessary resources and also enter data during the test);

e indication of the software required to work with the e-learning resource:
Windows Vista and above, dual-core processor with a frequency of 3 GHz, 2
GB of RAM (4 GB for Windows Vista and above);

When creating an e-learning resource, the following tools are used:

e Simple means of publishing ESM, based on the use of applications Adobe
Acrobat and Microsoft Office (Word, Excel, PowerPoint), as they are most
convenient when creating and publishing electronic textbooks and guidelines
for them.

e Adobe Flash and Adobe Animate CC are used to develop animation within
the framework of ESM.

e To create VR and AR applications, multimedia technologies (3ds Max, Unity
3D, C #, JavaScript, Vuforia) are used.

e When designing the program, UML modeling tools are used (www.draw.io).

3 Technologies of Virtual and Augmented Reality in model of
educational system

Let us consider in more detail the use of VR [9] and AR [10-12] technology on the
example of systems for demonstrating the progress of laboratory work.

124



o The system for demonstrating the progress of laboratory work in virtual
reality consists of the following elements: a VR helmet, a mobile device, an
application for demonstrating the progress of laboratory work (Fig. 2).

Virtual reality training system

Virtual reality

helmet Smartphone VR Application

Fig. 2. Components of the virtual reality training system

Head-mounted display - a device that allows you to partially immerse
yourself in the world of virtual reality, creating a visual and acoustic effect of
being in a given control device (computer / smartphone) space. It is a design
worn on the head, equipped with a video screen and a speaker system or a
special connector for a smartphone.

The smartphone is a mobile phone, complemented by the functionality
of a pocket personal computer.

VR Application is an interactive smartphone application with virtual real-
ity glasses.

o The system for demonstrating elements from laboratory works in AR
consists of the following elements: a textbook, a trigger image, a mobile de-
vice with a camera, an application for the demonstration of elements from
laboratory works in augmented reality (Fig. 3).

Augmented reality training
system

Book with

special triggers Smartphone AR Application

Fig. 3. Components of the augmented reality training system.

4 Software modeling and design (UML diagrams)

The application for learning using augmented reality consists of the following com-
ponents:
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e  “Help” (instructions for this application),
e “Exit” (exit from the application),
e “View object” (the camera screen for trigger scanning appears).

The diagram of use cases for augmented reality training application is shown in

Fig. 4.
VIEW “INCLUDE® VIEW
@ECTs > MODEL
O IN 3D

= " HeLp

- Lo

Fig. 4. Use case diagram for AR application.

The virtual reality training application consists of the following components:

“help” (instructions for this application),

“exit” (exit from the application),

“levels” (opens the screen to select the level of the game),
“level” (opens the selected level).

The diagram of use cases for the virtual reality training application is shown in
Fig.5.

view models
in 3D

View models
in 3D

view models
in 3D

oe
EDE

User

Fig. 5. Use case diagram for VR application.

The sequences of user actions when working with the application for learning aug-
mented reality and virtual reality are shown in Fig. 6.

An example of designing classes in the development of virtual and augmented real-
ity applications is shown in Fig.7.
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5 An example of using a learning system using VR and AR

Let us consider in more detail the process of modeling and designing VR and AR
learning objects on the example of the system of laboratory work used at the STEM
School of Kherson State University.

When developing a system, the book “Quick start. The first steps in mastering the
Arduino. ” - Publisher: Makskit, 2015, 80 c. To use the AR and VR environments, the
student needs to install two corresponding applications on his smartphone.

When application for AR launched, the student gets to the main menu of the pro-
gram:

e By clicking on the “help” button you can find out the instructions for this ap-
plication.

e By clicking on the “exit” button will close the application.

e By clicking on the “view object” button, the camera screen appears.

After the camera screen appears, you must aim the camera lens on the page with
the task. The program recognizes the image trigger. Each trigger is unique. He links
the 3D image and page of the book with the corresponding task. As a result, a moving
3D object will appear on the screen against the background of the corresponding page
of the book.

When application for VR launched, the student also gets to the main menu of the
program:

e By clicking on the “help” button you can find out the instructions for this ap-
plication.

e By clicking on the “exit” button, it will close the application.

e By clicking on the “levels” button, a screen appears to select the level of the
game that corresponds to the lab number.

e By clicking on the “level 1” button, the user is inside the virtual space, orga-
nized according to the requirements put forward to conduct this virtual la-
boratory work.

After the user opens a certain level, he has the opportunity to study in detail all the
game 3D objects in virtual reality, their approximation and manipulation with them.
Since the inclusion of a certain level of the program is in standby mode, user actions.
At the moment of performing a certain action with objects, the user in the background
sees clues to what is happening in front of him.

The model of the laboratory work consists of the following objects:

1. Room (4 walls, floor, ceiling);

2. Interior items (lamp, table, chair, window);

3. A set for demonstration of laboratory works (Arduino microcontroller,
breadboard, wire, resistor, LED, button, buzzer);

4. Interface elements of the application.
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Fig. 6. a) Activity diagram for AR application; b) Activity diagram for VR application.

For a better understanding of the technical characteristics inherent in the objects used
in this model, consider the description of meta-objects, objects in the real world and
objects used in laboratory work.

Let us give an example of the description of the characteristics of meta-objects
used in laboratory work in virtual and augmented reality:

Arduino microcontroller: length, width, weight, operating voltage, input voltage,
number of digital outputs, number of analog outputs, maximum output load current,
size of program memory, size of data memory, size of nonvolatile memory, clock
frequency, availability of Ethernet controller , the availability of data storage devices,
materials;

Development board: length, width, height, number of points, distance between
points, manufacturer, materials;

LED: length, diameter, glow color, glow angle, voltage, current consumption,
manufacturer, materials;
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Here is a description of the characteristics of objects used in laboratory work in vir-
tual and augmented reality:

e  Arduino microcontroller: length, width, height.
e Development board: length, width, height;
e LED: length, width, height;

OBJECT
3d representation: .fdx LED
to display
}
[
PLATFORM
T 330 RESISTOR
ARDUINO UNO
BREAD BOARD BOARD
THE WIRE

Fig. 7. Class diagram for VR and AR application.

The interaction of objects occurs after the user clicks on certain control buttons that
trigger the trigger set on the interaction between objects.

Consider the interaction between objects on the example of laboratory work Nel
“Connecting the LED”. A fragment of the interaction of objects in the laboratory
work is as follows. After pressing the button of the subsequent action, the “LED”
object is connected to the “prototyping board” object, then the application is in the
standby mode of the subsequent pressing of the button of the subsequent action. Also,
the user can personally perform actions with objects by rotating and moving in space.

We conducted classes at STEM School using VR and AR. At the end of the lesson,
the students passed a social survey on whether they would like to use VR and AR
technologies in the classroom.

Do you know what VR and AR technologies are?

Do you want to use VR and AR technologies at school?

Do you have an experience of using VR and AR technologies?

What do you think, are VR and AR technologies interesting to use it on clas-
ses?

Have you used VR and AR technologies before?

Did you use VR and AR technologies in the classroom?

7. Do you want to study robotics using VR and AR technologies?

Ealb o

oW
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8. Do you think that the use of information and computer technology can make
preparation for classes easier and allows teacher to diversify them?
. Do you like to use the new technologies on classes?
10. What do you think - is it necessary to introduce the VR and AR technologies
on robotics classes?

These 10 questions were asked to 34 pupils from STEM school. The research was
conducted and showed next results on Diagram 1.

6% 2%

OYes. It is interesting
O1 do not know

Bl Not. It's complicated

92%

Diagram 1. Social survey at STEM-school.

6 Conclusion and future work

The improvement of teaching methods and the introduction of information technolo-
gies in education are priorities for today.

The research showed the active development of STEM education in Kherson State
University and around the world.

The use of STEM, AR and VR technologies allows the teacher quickly and afford-
ably explain a large amount of theoretical material, and students learn effectively. It
develops creative thinking in them and increases motivation to study.

This direction is able to realize the need for engineering personnel and specialists
in the field of information technology. In this regard, we proposed a model of a learn-
ing system using virtual and augmented reality technologies.

The direction is very promising in the system of higher and secondary education.
Teachers and students can use this electronic resource both at school and university
classes, and at home.

A survey conducted among STEM school students showed the willingness of stu-
dents to work with virtual and augmented reality technologies.

130



The developed model should be used as a means to create a basis for future re-
search, development and dissemination in the system of educational institutions.

The offered model of the training system was tested in the classrooms of school-
children in the learning process at the STEM school established at Kherson State Uni-
versity in 2017-2018.

In the future, we plan to introduce a system that uses virtual and augmented reality
technologies into the STEM school educational process at Kherson State University.
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Abstract. Today, specialists in engineering specialties are becoming increasing-
ly popular on the labor market. In accordance with the requirements of society,
the educational system is looking for opportunities to increase children's interest
in the study of subjects in the natural and mathematical cycle. The article pre-
sents the experience of holding a summer camp for children for the purpose of
attracting them to scientific research and acquaintance with the courses of
STEM (science, technology, engineering, and math). The teachers of the
STEM-school of the Kherson State University developed the “"Summer Inten-
sive" course to familiarize children with the basics of robotics, programming
and physics. The course is designed for five days, each of which includes 4 les-
sons: from physics in practice and experiments, the basics of robotics, the ba-
sics of programming, needlework, as well as active games, walks in the park,
excursions. During two years 188 children were trained, the article contains the
justification for the selection of experiments in physics for children 6-14 years
old, a detailed description of their conduct, organization of acquaintance with
the basics of robotics using Lego Education WeDo 2.0, programming with
Scratch. Particular attention is paid to the peculiarities of the organization and
the generalization of the results of training in the summer camp in general and
in the context of each subject.

Keywords:robotics, educational robotics, STEM, ICT, robotics school programs, sum-
mer camp, physics experiment, camp program.

1 Introduction

The rapid development of technologies, their active introduction into all spheres of
society life implies a wide awareness of citizens about the opportunities, prospects
and risks of using digital technologies to ensure successful self-realization. Under the
influence of automation and robotics, the labor market varies considerably: some of
the professions disappear, while the other changes substantially [1]. Instead, there are
entirely new professions which require competencies related to work in the team,
critical thinking, having ability to make decisions and be responsible for them. Also,
requirements for the level of competence associated with the use of modern technolo-
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gy are significantly changing. There is an understanding that we are living in the era
of digital technology and they change not only the tools of the usual professions, but
also significantly change them. Today, in the labor market, particularly in Ukraine,
there is an increasing demand for specialists in engineering professions. Accordingly,
to the requirements of society, the educational system is looking for opportunities to
make children interested in studying subjects of the natural-mathematical cycle. The
STEM-oriented approach to learning is an urgent topic for the modernization of natu-
ral and mathematical education. The versatility of this approach contributes to the
spreading of innovative technologies in education and popularization of engineering
and technical specialties among young people. One of the ways to accomplish this
task is to train children in technical circles. At the same time, the popularity of the
circle of robotics for children began to grow rapidly.

Analysis of the educational services of the Kherson region on the implementa-
tion of STEM-education. Today, STEM-approaches are being implemented in many
Ukrainian schools. Out-of-school STEM-education in the state is a diversity of Olym-
piads and the activities of the Small Academy of Sciences, other out-of-school estab-
lishments, and various competitions and events are: Intel Techno Ukraine; Intel Eco
Ukraine; Sikorsky Challenge Science Festival; scientific picnics, hackathons and
more. Great developments and interesting original approaches were made in Ukraine
in this area. They are different, but have the same goal - the development of students’
creative thinking [2].

In the law "On Extracurricular Education” [3], five main areas of extracurricular
education are identified: artistic and aesthetic, tourist-lore, ecological-naturalistic,
scientific-technical and pre-research and experimental directions [4]. It should be
noted that out-of-school educational institutions working within last three directions
have the opportunity to implement the principles of STEM-training.

In the course of the study, we analyzed the activities of out-of-school institutions in
the city of Kherson, among which the following communal institutions of the Kherson
regional council as the "Center of tourist and ethnographic creativity of student youth"
[5], "Center of ecological and naturalistic creativity of student youth" [6], Center for
Scientific and Technical Creativity of Student Youth [7], "Regional Aviation and
Sports Technical Club" [8], "Small Academy of Sciences of Student Youth" [9].

None of the out-of-school educational institutions fully implements the research
and experimental direction. However, most clubs offering municipal services in the
city of Kherson have a close connection with STEM disciplines and may influence the
further selection of professional activities of their pupils. However, they have the
opportunity to cover a rather small part of the young residents of the city.

As for the study of the basics of robotics and / or programming, as one of the most
requested directions for STEM education, it’s necessary to note that a large chat
group works with Arduino designers and sets of LEGO series, the most popular of
which are LEGO Mindstorms and LEGO WeDo. However, today the market of de-
signers to teach children the basics of robotics is actively developing. There are new
ideas and startups in this direction.

The leaders in the educational services market in this direction in Kherson are pri-
vate organizations: Academy Step (working in Kherson since 2016), Ro-
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boHause(since October 2015), 1School (working since January 2018), and others. It is
worth noting that the cost of training is 100-120 UAH per academic hour. Only in the
last 6 months in Kherson 3 more private circles offering study of the basics of robot-
ics for children 6-10 years by means of LegoWedo 2.0 were opened. Among the pe-
culiarities of various private training courses, it is worth noting the teaching of the
basics of robotics in English, the additional study of the English language, the study
of the course "Fundamentals of Effective Communications", etc. The analysis of gov-
ernment agencies has shown that during 2017, Lego Wedo 2.0 and Lego Mindstorms
for the regional station of young technicians (lessons for free) were purchased, as well
as Arduino and Lego Wedo 2.0 for the STEM-school of the Kherson State University
operating since January 2017 (cost academic hours is 40 UAH).

Therefore, society needs and interested in preparing children for professions that
are in demand in the future. In recent years, the market for educational services has
been growing rapidly. However, there is a significant lack of specialists capable for
organizing effective STEM training. Also, it should be noted that secondary schools
are trying to organize circles for the study of the basics of robotics. At the same time,
there is a significant number of children who want to try themselves in the making of
robots and programming. Therefore, the teachers of the STEM-school of KSU devel-
oped the program "Summer Intensive".

2 Related Work

The experience of summer camp.A general description of the program and
the results of the summer camp.It should be noted that this format of combination
of recreation and STEM-education was held in the region for the first time. The main
tasks were to combine the rest of children with the interest in the study of physics,
astronomy, programming and robotics. For two years, the summer camp was attended
by 188 children, of which there were girls —43%, boys —-57%. By age, the distribution
of participants was as shown in Figure 1.
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Fig.1. Distribution of children who have attended the camp by age
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The greatest number of children were under the age of 10, as at the time of summer
holidays, these children need to organize their activities and supervision from adults.

The course includes five days. The children were in the camp from 8:30 to 16:00.
Each day consisted of four classes that could take turn each other: programming, ro-
botics, power design (in particular drawing with a 3D pen), physics in tests and exper-
iments. Active games, walks in the park, excursions (in particular, to the observatory,
the laboratories of the KSU) meal times (the second breakfast and the complex lunch)
were held between these classes according to the schedule. For the senior group, in-
stead of maker programming, C ++ classes for Arduino were conducted.

Among organizational aspects it should be noted the role of the leaders - students
of KSU, future teachers who played with children, accompanied them on excursions
and rides, and helped in classes together with the teachers of the STEM school. In the
work of the STEM-school for the "Summer Intensive™ course, teachers from the De-
partment of Informatics, Program Engineering and Economic Cybernetics, the De-
partment of Physics and Methods of its Training (Faculty of Physics, Mathematics
and Informatics) and the Department of Preschool and Primary Education (Faculty of
Preschool and in-time education) were involved.

3 Experimental Results

Peculiarities of physics class preparation in tests and experiments

The main purpose of the classes was to make children interested in physics, their
familiarization with various physical phenomena, states of matter, some physical
properties of matter and some physical laws, as well as their involvement in research
and experimental activities. Moreover, the main thing was not only demonstration of
the experiment by the teacher, but involving each child to the problem, implementa-
tion and explanation of the experiment. The students had the opportunity to put for-
ward their own hypotheses, on the posed problems, to check these hypotheses in a
lukewarm manner, to draw conclusions, to put forward ideas, make predictions about
the future use of physical knowledge. It gave children the opportunity to feel them-
selves as the makers of the future, since they allowed them to be involved in discuss-
ing scientific issues that could affect the development of technology and the life quali-
ty in general.

Taking into account different age of children who were studying at the Sum-mer
Intensive course, children were divided into two age groups: from 6 to 12 years old
and from 13 to 14. Children of the first group received only a few individual physical
knowledge at school during the study of natural science, but physics has not been
studied yet, children of the second group - has already been studied physics at school
at different levels. The different age of children, on the one hand, made it difficult for
teacher to set the task of selecting material and further conducting of the experiments
and their explanation at different levels of students’ preparation in the classes, on the
other hand, allowed the children to show themselves in mutual assistance, explaining
and helping their colleagues-children during the lesson.
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To conduct classes, we have selected appropriate experiments that meet the re-
quirements: security, accessibility (cognitive and financial), the ability to be repro-
duced at home, clarity, brightness, ease of execution, curiosity, and scientific.

During the selection of interesting tests we carried out the analysis of educational
and methodical literature and popular literature on physics (Perelman Ya. I., Enter-
taining physics, etc.)and Internet resources. This made it possible to conclude that
there was a large number of relevant literature.

When selecting and testing the experiments we encountered a number of problems.
The most common ones were: 1) lack of precise instructions on equipment and con-
sumables; 2) the lack of nuances that are necessary for the most successful perfor-
mance of the experiment; 3) the description of the explanation of the experiments
should be clear to the children, but it is quite scientific, because it should cause inter-
est to science, and not just entertain.

Example:

— in the existing “Handgum” instructions, the mark of glue has not been specified, it
has led to complications during the development of the experiment at the prepara-
tory stage, particularly: the performance of the experiment according to generally
acceptable and descriptive instructions in various sources did not yield the ex-
pected result; we made the experiment using glue PVA of five different manufac-
turers, silica glue from four different manufacturers were tested; the only success-
ful experiment was made with only one PVA and all silicate glues of varying de-
grees of quality;

— during the preparation for the "Fire Tornado™ experiment it turned out that there are
no precise indications regarding the size of the meta-left mesh cylinder (ratio of
height and diameter of the cylinder) and speed of its rotation; There is no clarifica-
tion what type of fuel (solid, liquid, and what exactly) is the best way to carry out
experiments; We tested dry alcohol, liquid alcohol, and a mixture of liquid alcohol
with boric acid (giving a green color). The most spectacular look was with liquid
alcohol and its mixture;

— some non-Newtonian [complex] fluid explanations contradict each other, the com-
plex scientific explanation for children is not yet clear, and the simplified explana-
tions given on some sites are not always correct.

The "Summer intensive" course of each group took place during 5 days, hence the
number of physics classes also equaled five, but their sequence, and the sequence of
experiments during a separate lesson in different groups was different, depending on
the set of group and individual characteristics children. The list of subjects in physics
and their content is given in Table 1.

Table 1. List of subjects in physics and their contents

Topic of the lesson | Elements of physical The list of experiments
knowledge and their discussion

The Lord of element |Getting  familiar ~ with|Non-Newtonian [complex] fluid and

Unknown fluid various physical phe-|its diversity, different types of “hand-
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nomena State of matter.
Mechanical phenomena.
Viscosity.

Properties of the liquid.
Newtonian and non-
Newtonian fluids.
Ferromagnetic fluid.
Surface tension.
Capillary phenomena.
Pressure.

Density of liquid.

gums”.

Ferromagnetic fluid.

Experiments and their discussion:
water in a glass (turning a glass of
water covered with paper); wetting
napkins; "Cowhide pepper" (sprinkle
in water with ground pepper and
cute).

Change of fluids of different density
in places (with a lower density up,
with a larger - bottom). Lava lamp

The Lord of fire

Thermal phenomena.
Pressure. Traction.
Mechanical phenomena.
Aerodynamics

Experiments and their discussion:
Fire tornado.

Video "The Most Odd Weather on
Earth". Tornado. Discussion of the
fire causes and ways to prevent them
Experiment with paper snake and
candle.

Experiment "Ponder the candle be-
hind the obstacle”,

Experiment ""Aerodynamic pipe"”

Physical illusions

Optical
Lens.
Electrical phenomena.
Sound phenomena.

phenomena.

Self-made lens from water (three
ways).

Rainbow. Optical mixing of colours.
Why is the sky blue? Strange optical
phenomena in nature and their expla-
nations.

Experiment "Put a bird into the cage"
(rotation of a picture).

"Sorting by electrification" experi-
ments. Discussion: where we are
faced with the phenomenon of electri-
fication in life, in technology, in pro-
duction

Sound from the glass.

Flight preparation

Mechanical movement.
Reactive movement.

We make and launch missiles. Reac-
tive movement. Kinds of fuel.

Speed We discuss what are the conditions of
Attraction bigger range ability, which is neces-
sary for the rocket to fly to space

A human being in|Astronomy Model of the Universe

the Universe Gravitation Excursion to the Astronomical Ob-
Attraction servatory.
The structure of the solar|Excursion to the physical laboratories
system of KSU

Theories of the structure
of the universe
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Each lesson included the following steps:

e introductory speech of the teacher (revealing features of the group at the first les-

son);
creating problem situations;
discussion, hypothesis;

summary of the lesson, (reflection).

Conducting experiments in different groups revealed the following:

demonstration and performance of the experiment by each student;
discussing and summarizing the results of the experiment;
forecasting the possibilities of using the acquired knowledge;

o the same experiments had different successes among the children of the same age,
(not all children were equally interested in the same experiment). Some children
preferred experiments where creativity could be demonstrated (for example, creat-
ing a snake for the study of thermal phenomena); others showed interest in experi-
ments where motion was needed (for example, the launch of a rocket);

o the arriving children had different preferences and different levels of preparation
for research and experimental activities (for example, some children showed activi-
ty during the hypothesis, discussion of the experiment, offered their versions, oth-

ers only repeated the experiment);

e some children expressed a desire to take the course twice, and even three times.

It required from teacher to prepare much larger number of experiments (the dura-
tion of which would be 1.5 hours) to each session (duration of 45 minutes) in such a
way as to having been focused on the first lesson at the qualitative composition of the
group, and having chosen exactly the experiments that most responded to this group

of children.

Examples of the different pupils’ preferences of different age groups regarding the
experiments discovered during the course are given in Table 2.

Table 2. Children preferences of different age groups as for different experiments

Name of experiment Ageb5-6] 7-9 | 10-11 | 12-16
Non-Newtonian [complex] fluid +++ +++ +++ +++
Turning a glass of water covered with paper ++ +++ +++ +++
Lava lamp ++ FEFEE [FUFF e
“Cowhide pepper” ++ FIFIE I
Experiment with paper snake and a candle +++ +++ ++ +
Fire tornado ++ FEFEE FUFIFE
Self-made lens from water (three ways) ++ +++ ++ ++
Sorting by electrification +++ +++ +++ ++
Make and launch rockets ++ +++ +++ ++
The model of the Universe ++ +++ +++ +++
Excursion to the Astronomical Observatory. +++ ++ ++ +++
Sound from the glass. ++ ++ +H+ +H+
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Reasons of different students’ preferences are related to the following:

o the physiological capabilities of children (for example, the palm of a 5-6-year-old
child is small, so turning a glass of water, covered with paper, was difficult for
them for the first time);

o level of preparation (experiment with a snake on fire for some older children was
known, but very much liked by the younger ones, because it included the creative
component - the preparation and coloring of the snake);

o personal preferences of children (among the older children, many were interested
in astronomy).

But all children liked to do experiments on their own, as well as to feel them-selves as
inventors, who are listened to, to feel successful.

Peculiarities of classes preparation the basics of robotics

Previously, materials for each type of training were prepared and analyzed. All re-
sults were collected on the online resource www.ksuonline.kspu.edu.

For the classes on programming and robotics, the following software and plat-
forms were considered:

Scratch has a GNU GPL license, which is free. This programming environment can
be downloaded freely and used freely at school or extracurricular education.

Arduino (Arduino) is an open source Arduino Software (IDE) platform.

Scratch for Arduino (S4A) is a Scratch modification that allows easy programming
of the Arduino open source hardware platform.

Modelling - there is an online resource called Tinkercad to create Arduino sensor
connection schemas on the docking board, as well as to create mobs that will be print-
ed on a 3D printer.

Schematics - there is an on-line resource Easyeda or CircuitLab for the creation of
electronic circuits.

Lego WeDo 2.0 - software for implementation of training projects of Lego motor-
ized models.

A number of author programs on robotics and programming approved by the Min-
istry of Education and Science have been established in Ukraine. They are generally
intended for the work of out-of-school circles, or for training courses and technical
creativity of choice. We have analyzed [9-13].

Lego Wedo 2.0 construction sets were chosen for children aged 6 to 10 years for
classes on robotics. Appropriate methodological support was used, but elements of the
competition were added to the format of classes, for example, race of collected cars.

The course Lego WeDo02.0 offers the use of educational constructors LEGO and
hardware-software as a tool for teaching students in the design, modeling and com-
puter management in Lego-design classes.

Robotics of LEGO combines the possibilities: the development of fine motor skills
by working with small parts of designers; mathematics skills (comparing parts by
size); skills of construction, familiarity with the fundamentals of mechanics and
propedeutics of engineering education; first programming experience; teamwork (the
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robot is done by 2-3 pupils); skills of presentation (when the project is completed, it is
necessary to present it).

The purpose of Lego Wedo 2.0 is: the organization of employment of schoolchil-
dren in after-hours, the logical thinking development; construction skills develop-
ment; motivation to study the sciences of the natural-science cycle: Physics, Comput-
er Science (programming and automated control systems) and Mathematics. At each
lesson the following tasks were realized: familiarization with the basic principles of
mechanics; familiarization with the basics of programming in the Lego Wedo 2.0
environment; development of the ability to work according to the proposed instruc-
tions; development of the ability to do the task creatively; development of the ability
to bring the solution of the problem to the working model; the development of the
ability to express thoughts in a clear logical sequence, defend the point of view, ana-
lyze the situation and independently find answers to questions through logical reason-
ing, development of the ability to work on a project in a team, effectively allocate
responsibilities, training for Lego-design competitions.

The result of the work of students in classes Lego Wedo 2.0 is the creation of real
models of robots; control behavior of robots with the help of simple programming;
practical application of design, engineering and computing skills.

In classes on robotics we picked classes so that they were consistent with the sub-
ject of physical experiments. In the case when the child has already collected the
model previously planned, we proposed that it improve the algorithm of the model
and complement its functionality. At the beginning of the classes, the children col-
lected the basic models that are in the designer's software. After that they were offered
other models, some of which are given in Table 3.

Table3. Suggested models from Lego Wedo 2.0 by themes

Topic of the lesson Devicemodel Elements of physical knowledge

The Lord of element |Windmill, windfarm, |Gearsdownshiftingandupshifts
Unknown fluid mixer

The Lord of fire Fan, helicopter, dam |Torque, speed and direction

Physical illusions  |Piano, swing, Sound, soundcharacteristics, balance,
caterpillar centerofmass, reliabilityofstructures
Flight preparation  |Catapult, plane, Speedandtrajectoryofmotion,
racingcar determiningthepath, time,
speedoftransport
A human being in  [Solarsystem, Lawsofgravity, heliocentricsystem
the Universe dinosaurs

In the classroom, the project methodology was used. The topics of the projects
were related to the modeling of animals (frog, bee, crocodile) and their behavior;
building models of modern machines and mechanisms, studying the principles of their
work (car and truck, helicopter, crane, etc.) and programming robots to carry out their
tasks. The important aspect of the implementation of each project is research activity.
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Peculiarities of class preparation in programming
When choosing a program for programming classes, benefits were provided for
programs that meet the criteria:

Free Software

Easy to study and use.

Ability to study programming structures (cycles, branches, etc.).
Game story.

Ability to create finished software product in a short time.

Among all the options, Scratch is served best by these criteria - an introductory
programming language that allows young children to create their own creative games,
interactive stories.

For the classes, a Scratch program library was created with instructions how to
complete each assignment. In addition, the resources of the Ukrainian National Vol-
unteer Clubing Network Code-Code (https://codeclub.com.ua/) were used and the
training resources of the site www.Code.org were used at separate lessons.

What typical problems have been arisen (for example, a repeated visit, the desire
to continue walking and the third time, but for another program).

The course of studying programming is based on the age categories of children
and has three levels of different projects:

1. Initial course - for beginners, also for the age group of 6-8 years. The basics of
programming in Scratch and its commands are studied.

2. The main course - to master the skills of making the main stages of the game. Con-
tains step-by-step tools for creating programs.

3. Programming games - for advanced users. Age category "10+". Contains step-by-
step instructions for creating a game in the form of explanations for the implemen-
tation of game logic ("algorithms™) without the script's details.

Initial course Main course Game programming
] | =] | =] ]
0] Dress the doll [ Abugand a star ) Rock-paper-scissors
[ Discotheque [ Halloween [ Lottery
[ Seasons (m] g::izzr?;(;r?rgzr the [0 Garbage sorting
[ Magic sphere ) Bugs VS Insects [ Magic lines
[ Abugand astar [ Gather apples [ Three on the ice
[ Multiplication table [ Underwater world ] :gﬁouuizce of
[ Princess Frog [ star Wars [ Tick-tack-toe
[ A pencil
[ Football

Fig.2. The names of Scratch game programs that match each level
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Each of the classes took place in five stages:

— demonstration of a finished project by a teacher (up to 5 minutes),

— discussion of new commands in the program, project scenario - rules of sprites’
behavior and the order of events (5-10 minutes),

— creation of own project by children (30 minutes) - with a break on sport activity,

— testing-correction (5 minutes),

— demonstration (presentation) of the project (10 minutes).

Each project is designed for 1 hour of work. Each step is important. In the process of
creating their own projects children have an opportunity to choose their own heroes,
the scene, as well as create their own rules of heroes’ behavior of the project. There-
fore, the final stage of the demonstration of its project is obligatory.

There are different ways to demonstrate your projects:

— Demonstration of the game to other students in the group - can play a game of each
other.

— Publish on the Scratch Community site at https://scratch.mit.edu/.

— Inviting parents to submit projects.

t is also a great opportunity to develop communication skills. Children can leave
comments and suggestions on improving projects to each other, as well as ask ques-
tions during the presentation of works.

Initial and basic course projects contain step-by-step instructions that simplify the
stage of building a self-project and training in general, without limiting the scope for
implementing additional project scenarios. These tools help form students' confidence
in their abilities and provide the basis for success.

Game programming projects also go through five stages of creation, but do not in-
clude step-by-step instructions. They contain only steps to create game logic (“algo-
rithms™) and separate blocks of scripts. Such projects allow you to create a personal
game with similar logic of behavior of sprites and events. Each student can create
their own version of the game according to their own preferences. The purpose of
such projects is not in the reproduction of the model, but in helping implement certain
steps of the logic of the game.

4 Conclusions and Future Work

The experience of conducting the training at the Summer Intensive course showed the
high interest of children in studying STEM: 3 children attended three sessions of five,
another 12 - two sessions (despite the fact that the curriculum did not change signifi-
cantly), 26 children continued their studies at STEM-school on a permanent basis
from October 2017. Parents expressed interest in attending classes on the autumn and
winter holidays. The next direction of work for organizing classes next summer is the
development of thematic changes that are inspired by one idea. It will also provide the
opportunity to expand the range of STEM subjects and to diversify learning in differ-
ent ways.
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The pace and breadth of the STEM movement, as well as the support and interest
of the state in Ukraine, show that, within three to five years, STEM-based methods
and tools will be almost fully integrated into school curricula. At the same time, the
material and technical support, as well as the professional development of teachers,
are crucial for the pace of integration
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Abstract. Research of existing models of professional development of future
teachers of natural and mathematical disciplines and professional teacher has
shown that the creation of an educational environment for STEM-oriented
learning affects the formation and further improvement of the system of their
values. In this paper, the concept of STEM-education in terms of inter-
discipline is considered. An attempt was also made to identify the factors that
influence the readiness of teachers to support STEM-education and implement
it in educational institutions. This study is concerned with determining the level
of formation of teachers' readiness for the implementation of STEM-education
in Ukraine. Here we propose a methodology and a model for determining the
level of readiness through surveys and analysis of results. On the basis of the
obtained results, further prospects of the research are proposed and recommen-
dations for involving young people in scientific activities, which may improve
learning of Science, Technology, Engineering, Mathematics (STEM).

Keywords: cooperation, exchange of experience, integration, collaboration,
STEM, survey, questionnaire, education.

1 Introduction

One of the promising areas that address the issues of providing queries in the labor
market, education in science, technology, engineering and mathematics (STEM-
education): creation of conditions for a balanced harmonious formation of science-
oriented education on the basis of modernization of the mathematical and naturalistic
and humanitarian education profiles. Interest in STEM is growing worldwide. This is
indicated by the number of publications and studies in different countries. For exam-
ple, in a review [1] examines 44 published articles on the topic of STEAM (Science,
Technology, Engineering, Arts, Mathematics) education from 2007-2018 was made.
Interesting information about statistics that Google leads on request. In the world,
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there has been an increase in interest in STEM education in the last five years (Fig-
urel).

In this case, searches in most cases relate to STEM-education tools, as well as de-
grees and levels of education, education departments, stages.

@® Science, technology, engineering, 1 Pnilippines I

and mathematics
Academic discipline ’ 2 Zimbabwe I
Worldwide ~ Past5years « w 3 HongKong [ ]
Education ¥ Web Search v \ 5

4 Thailand [

.
5 United States [ ]

Fig. 1. Relative number of queries statistics on the theme
of STEM in the world over the past five years

In Ukraine, STEM-education began to be interested relatively recently: the first
queries appeared in 2007 year. The leaders in these queries are Kirovograd region
(Figure 2). Mostly looking in the context of such phrases as: toolkit, summer camp,
topic, tournament.

@ Science, technology, engineering, 1 Kirovohrads'ka oblast

and mathematics
Academic discipline b 2 Rivnens'ka oblast

Ukraine v Past S years =

Education ~ Web Search + 4 3 Khersons'ka oblast
* 4 Sums'ka oblast

5 Kyivs'ka oblast

Ammal\_mmumuﬂﬂh_uﬂﬂﬂmdﬂﬁnﬂﬂﬁ

Fig. 2. Relative number of queries statistics on the theme
of STEM in Ukraine over the past five years

Development and implementation of education programs in the field of science,
engineering, engineering and mathematics (STEM) in the educational process is able
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to provide the needs of the labor market by highly skilled professionals. Accordingly,
there is a need for trained teachers, teaching methods and upgraded training programs.

“The quality of an education system cannot exceed the quality of its teachers and
school leaders — and the quality of teachers and school leaders cannot exceed the
quality of work organization, professional development and support provided by and
to schools and local communities” [2]. Therefore, the problem of determining factors
influencing the construction of a model for the professional development of future
teachers in the STEM education is actual.

The purpose of the article is to study the level of formation of participants' readi-
ness for the implement of STEM-education in Ukraine and identify of factors influ-
encing the professional development of the future teacher of natural and mathematical
disciplines.

2 Related Work

Today in the world there are more than a dozen analogs of interdisciplinary integra-
tion: STREAM, STEMLE, iSTEM, eSTEM, METALS, MINT, GEMS, etc. This is a
combination of basic disciplines (Science, Technology, Engineering, Mathematics)
with logic, law, robotics, gender issues, ecology, etc. The leading principle of STEM-
education is project activity. It has characteristics such as: interdisciplinarity (inte-
grated learning), collaboration (active communication and teamwork), availability of
results (application of scientific and technical knowledge in real life), preparation of
children for technological innovation of life. Technology itself cannot create an envi-
ronment for sharing knowledge, although it is a very important element of a
knowledge management system. The use of modern digital technologies should sup-
port the necessary elements of interpersonal communication, because they make the
process of sharing knowledge more intense. In this regard, it is necessary to pay atten-
tion not only to the material and technical part, but also to the organization of training
activities.

Students cannot fully benefit from interdisciplinary studies until they acquire a sol-
id grounding in the various disciplines that interdisciplinarity attempts to bridge [3].
Therefore, sufficient attention should be given to the basic subjects in the training of
future teachers. Also, the key to learning is the support of STEM teachers by the insti-
tution of education in this direction.

The issue of STEM support by the institution of education in scientific works is
called the school STEM culture. A survey carried out in [4] revealed that the issue of
school STEM culture formation is an important factor in the professional activity of
teachers. The main issues of the formation of school STEM culture that have ex-
pressed the focus groups of the survey can be divided into three categories: coopera-
tion, exchange of experience, integration (Figure 3).
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Cooperation  between lecturers and administration
between teachers and parents

in professional communities

Exchange of professionaldevelopment training, workshops
experience

in professional communities

Integration inthe curriculum of science add mathematics and technology

Have PD specifically in STEM and technology to help illustrate
discipline in-tegration

Fig. 3. Components of school STEM culture for [4].

In 2010, an attempt was made to compare educational curricula for teacher educa-
tion in a European project SITEP [5]. The purpose of this study was to obtain infor-
mation on the content of curricula for future teachers, as well as the identification of
competences and skills that are important for the formation of professionals.. As a
result of this study, some suggestions were made to improve the practice of pedagogi-
cal education at different stages of learning from various parameters:

e Knowledge of the subject area is the main criterion for evaluating the learning
activity of a future teacher and teacher with teaching experience.

o Self-assessment and independent professional development are sufficient for an
experienced teacher, but for a future teacher it will be more expedient to manage
self-esteem.

e Own learning experience is often transformed into transferring it into professional
activity. Therefore, the use of teaching different practices and approaches will have
a positive effect both in teaching and in the professional activity of teachers.

e Collaboration with colleagues (future colleagues) will provide an incentive for
professional growth.

¢ Involving teachers with teaching experience in developing and implementing a
rating system will enable the formation of professional standards that will affect
the quality of future teachers' training.

Qualifications for teachers who are already working should be supported by short-
term courses. Adult education, associated with active cognitive activity and research,
creates a positive experience of using technology. It helps not only to quickly per-
ceive information, but also to apply it in its practice and create new knowledge. [6].

According to the study [7], teachers teach how they studied themselves. Therefore,
the initial training of teachers for teaching STEM, as well as advanced training, re-
quires appropriate changes in the orientation of values, as well as in the form of train-
ing [8, 9].
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Among the organizational forms of teaching, today the most common frontal (lec-
ture), group, individual activity (Figure 4).

eself-
organization

Individual

spractice

eresearch activity
sdeepening of knowledge

ssocialization " od
sknowledge

smotivation

swork in a team

sideology
svalues

Fig. 4. Organizational forms of education, and the emerging qualities

Each of these forms affects the development and formation of a certain group of
qualities. In particular, for all forms of learning, the development of cognitive skills is
inherent due to the combination of theoretical knowledge and practical activity. The
use of these forms in STEM-education has modern types of cognitive activity that
provide the formation of such qualities (Figure 5).

slecture
s2xcursion
sfestival

sseminar
smaster class
*3 quest
scompetition

squalifyingwork
sarticle
sexperiment
scompetition

Individually

Fig. 5. Types of cognitive activity for various
organizational forms of learning
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The studies analyzed in [10] document that active learning leads to increases in ex-
amination performance that would raise average grades by a half, and that failure
rates under traditional lecturing increase over the rates observed under active learning.
Therefore, the usual types of cognitive activity for various organizational forms of
learning should be characterized primarily by the activity of students and involve
them in active discussion and problem solving.

There are different types of interaction between participants in the framework of
interdisciplinary work. In work [11], interdisciplinary activities are presented as social
interaction. According to the authors, interdisciplinary research is team research en-
tailing social interaction among the research team in order that the disciplinary per-
spectives may interact. Therefore, for the process of actually achieving integration
involves both social and cognitive elements. This work was presented four ideal types
of socio-cognitive frameworks group learning:

e Common group learning - The result of the group's work is the collective intellec-
tual property of the group. In such a group it is not possible to identify specific
specialists - the expert is group.

e Modeling — is a structure that is need not be constructed by the entire research
team. It may be imported intact from outside sources. Takes into account the indi-
vidual contribution of each in the formation of a new intellectual result.

¢ Negotiation among experts — unlike common group learning, negotiation does not
render team members expert in every aspect of the project. Negotiation among ex-
perts is not the dominant framework for integration. Effective integration requires
to substantively reflect the inclusion of the findings of the all expert analyses of
team members.

o Integration by leader — it involves a communication pattern in which the problem is
divided by the leader on the basis of team members expertise. This type of interac-
tion is more suitable for multidisciplinary.

Thus, social interaction and interaction in the professional environment are neces-
sary and useful in terms of personal and professional growth [12].

3 Experimental Settings

In order to identify teachers' readiness for the support and implementation of STEM-
education in Ukraine, we conducted a survey among 144 teachers of natural and
mathematical disciplines. The survey was attended by teachers from different schools
and different specialties.

Almost a third of the respondents were teachers of natural sciences (chemistry, bi-
ology, etc.). Among respondents 83% were teachers. Teachers of the directions
"Mathematics" (34.8%), "Physics" (19.6%), "Informatics" (17.4%) turned out to be
the most.

The questionnaire contained three types of questions: assume one-choice answers,
assessment on a scale from 0 to 5 and free-answers. Were asked teachers to rate their
knowledge and skills on a five-point Laickert scale.
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4 Experimental Results

The survey consisted of 10 questions on awareness of STEM education issues and 4
questions on the educational activity of teachers.

The question about the level of awareness in STEM education was asked to answer
in scores from zero ("l hear about it for the first time") to five points ("Actively use
STEM-technologies").

0 1 2 3 4 5
I hear for the | am actively
first time O O O O O O using STEM
technology
10% 24% 40% 18% 10%
0 Mone 1 2 3 4 5 Actively use

Fig. 6. Questions and answers about the level of awareness in STEM education

A sufficiently large number of teachers have an understanding of STEM-
education, as were show answers presented in Figure 6. Against the background of
previous results, the share of teachers who are not familiar with the concept of STEM
education has decreased (previously it was 43%) [13]. Conducting on-line courses,
webinars, popularization of festivals, as well as the work of the community of active
teachers led to a better awareness of STEM-education. Some respondents answered
negatively to this question. In the future, their answers were excluded from the analy-
sis.

In the question of the combination of which subjects are best suited for STEM edu-
cation, teachers could choose no more than four subjects.

Preference received such disciplines as computer science (21.2%), mathematics
(19.7%), physics (19.2%) and technology (15.2%). All other disciplines in the nature-
mathematical cycle received less than fifty percent. Some of the polled indicated phi-
lology. Such a division is due primarily to the specialization of the teachers them-
selves and the possible prediction of the use of STEM-education in their work. Such
results can be considered a reflection.
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Fig. 7. Answers to the question of the best combination
subjects for STEM education

The question "Which of the statements is true for STEM-education?" The respond-
ents were asked to select several allegations from the proposed.

A way to interest students in scientific
activities

Ability to participate in innovations

A way to choose the right kind of
activity

A way to overcome the shortage of
specialists who are knowledgeable...

Trendy direction

Mew is a well-forgotten old one

Fig. 8. Answers-statements about STEM-education

STEM education is associated with a promising area that will help students engage
in research in the world (85.4%) believe the majority of teachers. as well as the ability
to be involved in innovation (70.8%). Some teachers expressed doubts about STEM
education (16,7%).

On the question "How are the properties of STEM education best described it?"
Several variants of options could be made in order to determine the association's edu-
cational technologies with this area of activity.

Work in a team

Research activity, experiment
Interdisciplinarity, integration
Scientific research activity

Important process (development)
Relationship with reality, individual...
Important result (knowledge)
Differentiation of training
Improvisation, the possibility of choice
Individual pace

The principle of polytechnics

Fig. 9. Responses to the characteristics of STEM education
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According to most teachers, the most characteristic of STEM education is team
work (79.2%), research activities and the ability to experiment (77.1%). Scientific
research activities (60.4%), as well as interdisciplinarity and integration (64.6%) are
also important. These results are in good agreement with the results of work [4]. For
the teachers is main interaction, integration, and exchange of experience, as described
above.

Organizational support (teachers,...
Computer equipment

Internet

Software

Robotic designers

Free access to equipment, designers

Methodical support
0% 50% 100%

None @ Partially Available

Fig. 10. Available resources for STEM training

Figure 10 shows the responses of respondents about the provision of schools to
support STEM education. As can be seen from the answers, there is a lack of material
and technical basis, an indirect evaluation of organizational support and methodologi-
cal materials.

In the next question, the teachers could express their wishes "What is to be done to
the educational establishment for the introduction of STEM-education?" (Figure 11).

21,9%
I'd
Material-technical base
@ Financial resources

Methodical support

@ Organizational support ‘L. 3%
Fig. 11. The most popular answers to the question of teachers' needs
for the implementation of STEM-education
Most of the teachers called for the restoration of the material and technical base

and funding for this direction. But some teachers still need methodological and organ-
izational support. It should be noted that one of the answers was "Time".
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Do you organize or attend
integrated classes in different
disciplines?

Do you have the experience of
applying STEM in your
professional activity?

@ oNe @ 1 2 @ 3Yes

Fig. 12. Questions and answers about carrying out of integrated classes

The following two questions related to the activity of the teachers themselves: "Do
you organize or attend integrated classes in different disciplines?" and "Do you have
the experience of applying STEM in your professional activity?". Answers should
have been indicated in scores from zero (option “No") to three points (the answer
"Yes"). As can be seen from Figure 13, most of the teachers conduct integrated clas-
ses in their disciplines. At the same time, on the other question the majority answered
was "no".

Such various answers say that there is still no full awareness in society and in the
professional community that is STEM education and STEM technology. This concept
is quite new and more attention needs to be paid to the formalization of the concepts
of this direction and to familiarize the general public with its main concepts. It is also
possible not to realize the value of their own activities and to compare it with existing
practices.

The answers to the question "Who is the participant / organizer of which STEM
events you are?" Most had negative responses. Teachers were able to determine the
extent of their engagement to active engagement, as well as indicate which activities
they are organizing. In the end, the answers to this question are in good agreement
with the results of the previous question (Figure 13).

31%

37%
43%
50%
68%
Integrated classes Festivals/ Exhibitions / Conferences / Other
Competitions Excursions Master classes
@ organizer @ Participant None

Fig. 13. Answers to questions about attending and organizing events by teachers
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The relative number of negative responses was almost half of the total (47%). Other
teachers are ready to participate with their students in events. At the same time, a
significant number (38%) of active teachers perform passive participation as a partici-
pant, not an organizer (15%).

Relatively large activity in the integrated lessons is due to the fact that most of
these lessons are conducted as Parallel Discipline Designs or Interdisciplinary Units /
Courses according to the above classification [14]. That is, short-term projects that
can be implemented within school activities. Among the responses to the forms of
activity were basically case studies, workshops, seminars and web conferences.

5 Conclusions and Future Work

It is obvious that the main advantage of STEM-education is the formation of a com-
munity of specialists with a scientific outlook, ready to use technologies in their pro-
fessional activities. However, this requires an appropriate organization of learning
activities and other approaches to the formation of a community of teachers who are
ready to support and implement this learning technology.

However, after undergoing training according to their specialty without using
modern forms and methods of teaching, teachers give preference to those forms that
they are known or need to be passively involved.

Using STEM-education as one of the learning technologies requires teachers and
future teachers to be ready to change the educational environment and communicate
in professional communities.

The survey conducted allows us to draw the following conclusions:

¢ Knowledge on STEM education is growing, but the general level of understanding
of its basic principles as a technology and remains relatively low at this time.

¢ Given the recognition of the leading role of cooperation in STEM-education, part
of teachers are ready to independently organize interaction in the educational activ-
ities of students. But most teachers are ready to passive participate in activities that
focus on STEM education.

o Collaboration, integration and the exchange of experience play an important role in
shaping the active community of STEM teachers. Therefore, in order to attract fu-
ture teachers to the professional community, it is necessary to use such forms that
give motivation for further improvement and influence the formation of a system
of their values. To change the situation, it is necessary to include in the course of
raising the skills of teachers, such activities as excursions, master classes, to en-
gage in festivals and competitions.

The analysis of the results gives an opportunity to formulate prospects for further
research. A promising direction is the development of programs of training modules
for formal and non-formal education of future teachers of natural and mathematical
disciplines. The influence of interdisciplinary programs on the readiness of teachers to
support and introduce STEM-learning in the educational process has been proved.
That is why it is necessary to create in the educational institution an educational envi-
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ronment for STEM-oriented learning, which will ensure cooperation, integration and
exchange of experience among all participants in the training.

References

1. Perignat, E., & Katz-Buonincontro, J. STEAM in Practice and Research: An Integrative
Literature Review. Thinking Skills and Creativity. (2018). doi:10.1016/j.tsc.2018.10.002

2. Lessons from PISA for Japan, Strong Performers and Successful Reformers in Education
[Electronic resource], OECD Publishing, Acces mode:
http://dx.doi.org/10.1787/9789264118539-en .

3. Jacobs, H.H., and J.H. Borland., "The Interdisciplinary Concept Model. Design and Im-

10.

11.

12.

13.

14.

plementation.” Gifted Child Quarterly. (1986)

L-Deghaidy, Heba et al. "Context of STEM Integration in Schools: Views from In-service
Science Teachers." Eurasia Journal of Mathematics, Science and Technology Education,
vol. 13, no. 6, 2017, pp. 2459-2484. doi:10.12973/eurasia.2017.01235a. [Online]. Availa-
ble: https://ore.exeter.ac.uk/repository/handle/10871/31963

Menter, 1., Hulme, M., Elliott, D. & Lewin, J., Literature Review on Teacher Education in
the 21st Century. Report for the Scottish Government, (2010), Available at:
https://www.gov.scot/Resource/Doc/325663/0105011.pdf

Taylor, K., & Lamoreaux, A. (2008). Teaching with the brain in mind. New Directions
For Adult & Continuing Education, (119), 49-59. doi:10.1002/ace.305.

National Research Council.. Rising above the gathering storm: Energizing and employing
America for a brighter economic future, Washington D.C. National Academies Press.
(2007).

Osadchyi V. V., Osadcha K. P. Modern realities and trends of information and communi-
cation technologies development in education//Information Technologies and Learning
Tools, 2015, V. 48, No 4, pp. 47-57.

Zaytseva T.: The Introduction of the Competence-based Approach in Educational Process
of Training of Skippers. In: 12th International Conference on ICT in Education, Research
and Industrial Applications: Integration, Harmonization and Knowledge Transfer, pp. 687-
699. Kyiv, Ukraine, CEUR-WS, 1614, (2016).

Freeman, S., Eddy, S. L., McDonough, M., Smith, M. K., Okoroafor, N., Jordt, H., &
Wenderoth, M. P. Active learning increases student performance in science, engineering,
and mathematics. Proceedings of the National Academy of Sciences, 111(23), 8410-8415.
(2014). doi:10.1073/pnas.1319030111

Rossini, F. A., & Porter, A. L.. Frameworks for integrating interdisciplinary research. Re-
search Policy, 8(1), pp.70-79. (1979). doi:10.1016/0048-7333(79)90030-1.

Samchynska, Y., Vinnyk, M.: Decision Making in Information Technologies Governance
of Companies. In:13th International Conference on ICT in Education, Research and
Industrial Applications: Integration, Harmonization and Knowledge Transfer, pp. 96-110.
Kyiv, Ukraine, CEUR-WS, 1844, (2017).

Kushnir N., Valko N., Osipova N, Bazanova T.: Experience of Foundation STEM-School.
In: 13th International Conference on ICT in Education, Research and Industrial Applica-
tions: Integration, Harmonization and Knowledge Transfer, Volume II: Workshops. —
ICTERI Kyiv, Ukraine, May 14-17, 2018., pp. 431-446, Access mode: http://ceur-
ws.org/Vol-2104/paper_241.pdf

Meeth L. R. Interdisciplinary Studies: Integration of Knowledge and Experience / Lois
Richard Meeth //Change. — 1978. — Ne 10. — P. 6-9.

155


https://ore.exeter.ac.uk/repository/handle/10871/31963
https://www.gov.scot/Resource/Doc/325663/0105011.pdf
http://ceur-ws.org/Vol-2104/paper_241.pdf
http://ceur-ws.org/Vol-2104/paper_241.pdf

Open Distance Learning for Teachers

Vladimir Kukharenk01[0000-0003-0227-5836], Tawana Oleini k2[0000-0002-3771—4424]

National Technical University “Kharkiv Polytechnic Institute” Kyrpychov Street 21, 61002
Kharkiv Ukraine
kukharenkovn@gmail.com
2H. S. Skovoroda Kharkiv National Pedagogical University, Alchevskykh Street, 29, 61002,
Kharkiv, Ukraine
t2.o0leinik@gmail.com

Abstract. The purpose of the work is to demonstrate the results of the study on
the role of open education for the system of professional development (ad-
vanced training) of distance and blended learning teachers. Research Laborato-
ry of Distance Learning (RLDL) NTU "KhPI" offers teachers of educational in-
stitutions distance courses "Introduction into distance learning", "Distance edu-
cation for managers", "Technology of design distance course"”, "Tutor’s Practi-
cum ", "Blended learning", "Distance Course Expertise", "Content Curator".
Teachers from universities, institutes of postgraduate pedagogical education and
teachers of schools of Ukraine took part in the open distance courses since
2014, more than 2,400 students have been enrolled in courses.

There is presents research results concerning quality teaching and learning
based on the educational technology portfolio at the KhNPU. More than 10
years of development formative assessment kit in the context of the integration
of digital resources into teaching and later open educational resources into
blended learning. It’s no doubt, experience shows that at the initial stage of
study a majority of students are interested preferably in the technical side of
digital activity in the study. Experience showed they need time for the ready to
consciously use the wide possibilities of a portfolio for the development of their
independent evaluation, learning reflection, critical thinking, active research po-
sition and professional identity of the teacher. In this way, we have convinced
the enhancement of the educational environment aimed at taking means of the
digital portfolio should be recognized among the important conditions of the
quality education improvement.

Keywords: OER. OEP, open online course, personal learning environment,
ADDIE, tutor, digital portfolio.

1 Introduction
At the current stage, central planning and hierarchical decision making are too slow

and ineffective, especially in difficult situations involving a large number of people.
It’s no doubt self-organizing teams are much more flexible than hierarchical ones [1],
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but for first ones require active and engaging participants comparing to second ones,
which drive opportunities for confidence and innovation.

The development of the network changes the professional activities of the individ-
uals and the system of their training for work. The society moves into a networking
era, where autonomy and the creation of a professional ecosystem become the main
point. A professional ecosystem is a set of organizational and personal relationships
as well as interacting elements (content, people, software, services, programs, etc.),
which ensures the harmonious development of individuals.

We can see a majority of innovative organizations during this century were based
on principles and frameworks that reflect the way of life of the human race in a net-
worked society [2]. The first steps of a new network era are already determined
through such values like subsidiary (that is solving problems at the level where they
start) and network management, related supervision. We consider the new term
“Wirearchy”, it means a flow of power and authority, for example, a network of con-
tent curators which supports expert thinking at a high level, eliminates information
overload, connects efforts and enables for experts to share wisdom and thoughtful.

The network era philosophy takes account of network education, which is still not
fully clear, at the same time what kind of network education will exist is yet un-
known, but open education is developing now. First of all, the open universities im-
plement e-learning by MOOCs, Open Educational Resources (OER), and Open Edu-
cational Practice (OEP). The main dimensions of openness: transparency of commu-
nication and engagement.

The network era philosophy takes account of network education, which is still not
fully clear, at the same time what kind of network education will exist is yet un-
known, but open education is developing now. First of all, the open universities im-
plements e-learning MOOCs, Open Educational Resources (OER), and Open Educa-
tional Practice (OEP). The main dimensions of openness: transparency of communi-
cation and engagement.

1.1  E-portfolio of teacher

It should be noted that the use of open resources in education requires special atten-
tion to the issue of the improvement of educators’ digital competence as persons who
is capable to active life in a digital society (it's so-called "digital citizenship™). At the
same time, it is extremely important to choose a reliable model of teaching and learn-
ing according to the goals of sustainable development. Of course, the key task of
teacher training is related to the formation of an inquiry-based position for investiga-
tion on improving the quality of the digital educational environment that included, in
particular, the open educational resources. Thus, first of all, it is sensible to organize a
wide discussion about the peculiarities of implementing the model of the "community
of practice"”, which combine efforts for constructive analysis of the quality of various
tools of digital pedagogy.

Thus, in the system of measurement of educational achievements, over the last
decade, we gradually move on to qualitative changes, in particular, to the implementa-
tion of educational portfolio technology [3, 4]. It focuses on the realization of the
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tasks of informal assessment of persons’ achievements, their support in reflection and
self-improvement, which allows us to collaborate in inquiry-based learning that best
suits their interests and abilities. It should be noted that for the creation of digital or
web portfolio, the teachers get specialized means (for example, in social networks or
web-applications), which facilitate flexible problem-solving placement and design of
the portfolio themselves.

Undoubtedly, the distributed system of development of distance and blended
courses at the pedagogical university has its own peculiarities connected with the
quality of pedagogical experience of a large majority of participants, their interactions
and educational researches. It is also necessary to take into account students’ peda-
gogical training, which, with teachers’ facilitating, contributes to their greater initia-
tive to develop educational trajectory themselves. Thus, in situations of student-
centred education, the portfolio allows the student to take responsibility to recognize
the personal ways of professional development as well as the portfolio supports stu-
dents in activating self-identification, self-confidence, and critical thinking.

1.2 Massive Open Online Courses

MOOCs (Massive Open Online Courses) are an important part of open education
which becomes known in 2008. There are 2 kinds of distance courses: cMOOC (con-
nective courses) and xMOOC (simplified courses).

xMOOC:s is focused on the general training of students and, as a rule, do not pro-
vide credits of HEI system, but after a boom in 2011-2013 these courses have found a
certain niche. One of the major weaknesses of xMOOCs, on experts opinion, is low
impact: on average only 7% of students successfully finish ones, which conclude re-
quests of diversity. It should be noted that the students’ purpose of xMOOC:s is differ-
ent and does not always correspond with the authors’ purpose.

c¢cMOOC is network course with a variable structure focused on the high education-
al level of the participants, which has produced a personal learning environment and a
personal learning network. Such courses are aimed at processing large flows of un-
structured information for solving global problems.

According to several west educators’ study [5] students who do not finish
xMOOC:s are often satisfied with their achievements that mean they have the personal
meaning of success. Therefore, there is a need for new ways of supporting students in
scheduling, achieving, reflecting, and students’ authentic learning achievements rather
than the planned educational results. It means that teachers have to create a learning
environment in which a reflective (student’s) model works and promotes the active
making study plans, knowledge artifacts, and evaluation on student’s capability. That
model focused on the quality of students’ activity and supporting ways of their com-
petence.

There are important characteristics of students’ behavior in network communities.

1. Consumption of knowledge. Students identify knowledge they need in the
course-ware through self-learning in an educational environment, including other
students, teachers and even people with whom they interact outside the course
(friends, family, relatives’ colleagues, etc).
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2. Creation of new students’ knowledge by themselves, designing new resources
and expanding the provided resources. These new resources are a dynamic and an
individual-oriented view on their knowledge.

3. Connections with people (including peers), who share interests or goals, as well
as links with knowledge. It can be free, reciprocal or one-sided.

4. Implementation of new knowledge resources as official reports, so and infor-
mally (like reflections, ideas, ratings, and other content). These new resources can be
used by other students and teachers.

1.3 Open Pedagogy

Open education requires processes that are described by open pedagogy and open
practice based on Open Educational Resources (OER). In the determination of open
pedagogy by David Wiley in 2013 was given that an open pedagogy is a set of educa-
tional ways in the context of free access with permissions reuse, revision, remix, re-
distribution, and retaining) that are specific to the OER [6].

In accordance with the principles of open pedagogy, students will have an idea of
the instructor's intentions in the offered course and see where the teacher's style does
not fit their learning style. They will be able to develop a personal trajectory and per-
haps adapt the previous students’ open pedagogy (learning lines). It’s no doubt the
essence of pedagogy is the interaction of students and teachers, for this reason, peda-
gogy is not just educational ways, strategies, styles, but the relationship of authorities.

1.4  Open Educational Practice

From the other side, open distance courses connect with Open Educational Practice
(OEP) for participants [7], which includes the creation, use and reuse of OER, open
pedagogy and open exchange of learning practices. It is a component of open educa-
tion that embraces resources, tools and practices that use an open exchange frame-
work to improve the access and effectiveness of education throughout the world. The
level of understanding and acceptance of OEP among teachers of higher education is
gradually increasing.
Open Educational Practice (OEP) expose four aspects for participants:

balance of the protection of their privacy and openness;
development of their digital literacy,

assessment of their social learning,

the challenge for traditional expectations of their roles.

The analysis has shown that teachers try to find of balancing the confidentiality
and openness in using social and collaborative technologies at four levels: macro
(global level), meso (community or network level), micro (individual level) and nano
(interaction level). The differentiation of these levels has been useful in understanding
the decision-making process around open practices.
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At the macro level, people determine whether to participate in open exchange and
networking. Some refuse this level, and those who take part in open practice should
take into account the presence of the three following levels.

On the meso level, people determine who they want to share information with (for
example, friends, colleagues, students, community groups of interests, the general
public), as well as those with whom they do not want to share. At the micro level,
people make a decision with whom exactly they will be divided and how. And at the
nano level, people decide if they need to interact or share something specific: for ex-
ample, post, tweet or retweet; whether to use a certain tag or hashtag; whether to fol-
low or be a friend.

Open practice is not a one-time solution; this is a sequence of personal complex
and nuanced solutions. People will always be motivated by personal values; their
openness depends mutually on the structure, on culture and on social norms inside the
institution. Open practice is characterized by the spirit, the way of democratic practic-
es.

The relationship between OER and OEP can be complex, where the use of OER
leads to an OEP. The growing use of OER can encourage individual educators to
develop personalized learning networks (PLNSs), through which they become aware of
wider issues, connected with openness, including OEP. The use of OEP by faculty is
complex, personal, contextual, and constantly debated.

1.5 Learning environment

According to Dewey, the fundamental starting point for learning is the goals and ob-
jectives of individuals, as well as learning that come according to the context of per-
sonality. However, social relations also play a central role in the socio-cultural ap-
proach and according to Wenger, Brown, Collins, and Duguid learning always relate
to social practice. The actions of the individual occur in socio-cultural practice, which
correlates the actions of other people (Leontiev), as a result, a variety of interaction
forms between people become a central point to learning.

The realization of learning assurance depends on the improvement of an educa-
tional environment, where a unique educational culture is created. There are the most
important components of the model for this learning environment [8]:

o learner characteristics (background knowledge, goal, level of digital literacy, diver-
sity, learning context);

e content (content purpose, multimedia resources, structure, quality and depth, ac-

tivity);

skills (mental and practical actions, dialogue, goal-setting);

learner support (feedback, tutorial, encourage, autonomy, trust);

resources (technology, facilitation, time management, assistance);

assessment (essay, test, e-portfolio, project realization).
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1.6  Obstacles

Information technology provides new opportunities: new learning experiences, new
evaluation strategies, new development sequences, new places and graphics, as well
as new partnerships. But when we integrate new information technologies to old
methods, we can even reduce current results [9]. Now this is called the Baumol’s
effect [8].

The main reason why Baumol was right about education is that relations are of
great importance here. Information technology can add some flexibility, but relation-
ships require time and depend on the individuals involved in the learning process.
This means that learning quality is unlikely to change in the near future.

Morag [11] analyzes the national digital training strategies in the Great Britain.
They are based on that

o a free market is the most effective mechanism for organizing all aspects of human
life;

o markets are self-regulated, state intervention is minimized and the market is at the
optimal level,

e a person is a rational subject of the economy, therefore an open economy and a
global free trade increase efficiency, quality and expand the choice of consumers.

Another key pillar is the assertion that market competition makes processes more
efficient and, therefore, can reduce costs. However, there are a few significant evi-
dences in support of these allegations. Digital technologies were mainly used to sup-
port, rather than transform, practice, often copying face-to-face learning strategies,
automating administrative tasks, or promoting behavioral, content-oriented pedagogi-
cal models.

The analysis shows that digital technology is widely used in educational practice,
but not all is as clear as it looks at first glance. Considering that in Ukraine, distance
learning has not become massive one, attention should be paid to the methodology of
distance learning and provision of staff.

RLDN NTU KhPI has conducted an analysis of the best international experience in
modern teaching technologies and has created a series of open distance courses that
should give the teacher an idea of the possible technologies of the future and prepare
for their use. These courses are an example of ODC and OEP, based on world experi-
ence and adapted to the specifics of Ukraine.

2 Research Hypothesis

The new era needs new teachers training of which has to start at this time. The hy-
pothesis of this study is that to provide a high level of training, the system of continu-
ing education for distance learning teachers should be based on open education. Stud-
ying in open distance courses will facilitate teachers’ understanding and feeling the
benefits of open learning, molding open practice skills. Toward assurance a high sci-
entific and advanced level of education, it is necessary to organize training content
curators for masters, graduate students, faculty and researchers. The curriculum of
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content curator is the basis for any researcher and teacher. In accordance with the
goals of sustainable development society and the digital citizenship digital portfolio is
one of the key components of a disruptive and qualitative model of conscious respon-
sible learning.

3 Open Practice of RLDN NTU "KhPI™

The Research Laboratory of Distance Learning (RLDL) NTU "KhPI" offers distance
education courses "Distance Learning for Managers" (DLM), "Technology of Design
of Distance Course" (TDDC), "Tutor’s Practicum " (TP), "Blended learning" (BL),
"Expertise of Distance Course™ (EDC), "Content Curator” (CC) for teachers of educa-
tional institutions and trainers of corporations (Fig. 1).

On the one hand, training courses should be realized in the following order: Con-
tent Curator, Introduction to distance learning (Distance learning for managers),
Technology of design of distance learning, Blended learning, Tutor’s Practicum, Ex-
pertise of Distance Course. On the other hand, teachers and educators can choose the
course depending on their preferences.

Personal knowledge mastery
(Content curator)

Design of dis-
tance course

Distance
Leamning for
Managers

Design of
blended leamn-
ing

Introduction to
distance leam-
ing

Fig.1. Open Distance Courses RLDL NTU KhPI

3.1 Distance course «Content curator»

The "Content Curator" course, based on the manual [12], is aimed at a wide range of
listeners from students to high-level professionals. The purpose according to the
Bloom taxonomy for different categories of students may be different: the level of
remembering and awareness — the collection, classification and exchange of links, the
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level of application — the use of materials, the level of analysis — preparation of ab-
stracts, the level of evaluation and creation — preparation of abstracts, analytical notes.

3.2  Distance course «Introduction into distance learning»

The main purpose of this four-week course is to provide the teacher with the skills in
distance education, to teach him to create an electronic course-resource (distance
course for the delivery of informational materials, downloading individual tasks and
passing tests), video tutorials on the basis of presentations and the simplest blended
lesson. At the last week, the students study the search for professional information in
scientific databases.

3.3  Distance course «Distance Learning for Managers»

In four-week course review are considered the role of distance education in modern
education, distance learning courses in higher education in Ukraine, distance learning
process, evaluating students and distance learning course. Course participants create
materials for a distance course "Introduction to the specialty" using the search skills in
science databases and supervisory skills in the Moodle learning management system.

3.4  Distance course «Technology of Design of Distance Course»

This is a constructivist teacher training course based on the manual [13], which goal is
to help the teacher create a distance learning course using modern pedagogical and
information technologies. Duration of training is 8 weeks with certificate of advanced
professional development.

3.5 Distance course «Blended learning»

The aim of the course author in this case is to determine the conditions of a synergis-
tic effect in blended learning and to show that learning is a future in the development
of valuable pedagogical technologies. This allows you to get new ideas for blended
learning realization. Therefore, it is clear that the course did not foresee practical
tasks, because the main objective is the exchange of experience and the development
of a personal training network.

An open distance course «Blended Learning" is used in the educational process of
the system of professional development of teaching staff from the second half of
2017. The main materials of the course are presented in the monograph [14].

3.6 Distance course «Tutor’s Practicum »

The curriculum consists of 7 topics that include communication, planning and rating
activities of the student, the preparation of instructions and information materials, the
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organization and conduct of discussions, the work of small groups [15]. Duration of
training is 7 weeks.

3.7  Distance course «Expertise of Distance Course »

The program of the course "Distance Course Examination” is designed for six weeks.
For the expert skills, the students trained the distance courses assessment and pre-
pared reports.

4 Results of Training

There were teachers from universities, institutes of postgraduate pedagogical educa-
tion and teachers of schools of Ukraine in the RLDL open distance courses. Learning
outcomes are presented in Table 1.

Table 1. Statistics of the open distance courses of the PLDL

Courses Year Registered | Studied | Graduated
TP 2018 78 20 14
IDL 2018 94 30 14
TDDC 2018 150 44 23
TDDC -2 2018 38 14 6
BL-1 2017 94 35 20
BL-2 2017 228 60 23
IDL 2017 58 33 16
TDDC 2017 151 40 31
TP 2016 46 20 9
CcC 2016 50 16 10
TDDC -1 2016 199 120 49
TDDC -2 2016 235 80 37
DLM 2016 131 30 14
TP 2015 74 18 13
TDDC 2015 81 30 2
CcC 2015 90 34 17
TDDC 2014 186 70 12
TP 2015 60 15 2
CcC 2014 130 62 23
CC-1 2013 50 18 15
CC-2 2013 140 83 20
Total 2363 872 370
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All courses begin with the Forum "Introduction”, where students are offered to talk
about themselves and encourage them to exchange messages. All work reports are
presented in forums, and the results of tasks are available to everyone. All questions
to the tutor are placed in the forum of mutual help and students have the opportunity
to help each other, which ensures the high activity of them in the course. In addition,
weekly students complete a questionnaire for reflection, in which they can carry out
self-assessment of their activities. This organization of the work of the students facili-
tates the creation of community practice in the course, which continues to exist after
the course finishing.

The courses provide weekly webinars, which give an overview of the theoretical
material of the course, analyse the performed work of the previous week and give
recommendations for the practical questions of the current week. All webinars are
recorded, which allows to view for the students at a suitable time. All creative prob-
lems of the course (presentation, infographics, and design projects) are evaluated by
course students through the Moodle element "Seminar". The best works of the course
are report on the final webinars (public awarding event).

The typical student looks up about 100-140 pages per month (25-35 pages per
week), after finishing the course they continue to work with distance course materials
during several months. Students like the variety of presentation of information in the
course, a clear definition of the purpose of each week — the components of universal
educational design. As a rule, after the completion of the educational process, the
course is not closed, which allows the students to return to the processed material, to
view the results of the group work. Registration for the course is also not closed and
the course materials can be used by ordinary users of the network.

A questionnaire was conducted for graduates of open distance courses 2013-2018,
72 teachers have completed one, 33% teachers finished one course, 14% - 2 courses,
3% teachers - more than 5 courses. 34% of teachers did not receive a certificate of
completion of the course, but they worked on theoretical material and performed sep-
arate tasks. These results show that the small percentage of those completing the
course is not an indicator of the effectiveness of the course, because many of them
continued distance teaching.

Besides questionnaire have shown that open distance courses change their teaching
competence, in professional development sense, (45.7%), they create distance courses
(60%), use in the educational process (67%), materials of the course are used to create
a system of professional development in their organization (21.4%), study on the
course change their career (18.6%).

5 Experience in Implementing the Digital Portfolio in KhNPU

An electronic portfolio plays an important role in the training of a modern teacher,
and at this stage of Ukrainian education, it's not used enough.

A portfolio is a kind of "diary" of individual achievements and works, which is a
means of measuring level and quality of the development of abilities, through the
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presentation of documented achievements, reports and various forms of self-esteem.
A portfolio is an effective tool for visual data, helps to think about the features of the
content and structure, organizes collections of qualitative characteristics for a clear
and expressive presentation of individual achievements.

There are two guiding principles for the use of the portfolio:

o External principle: to familiarize other people (teacher, parents, friends) with the
achievements of the student or group of students (for group portfolio) for providing
them an appropriate assessment and facilitation of their activities, determining the
levels of their qualification, etc.

¢ Internal principle: to develop the personality in conditions of improving reflexive
activities, increasing motivation, evaluating results of activity for the development
of more accurate imaginations about their own successes, disadvantages and op-
portunities.

As our experience shows, at the initial step of the portfolio implementation, the
majority of students are willing active work with technology, but have not an experi-
ence of conscious evaluating, reflecting and correcting their own activities. At the
same time, the portfolio facilitates increasing the personal responsibility, the creation
of a mutual understanding of the review and constant re-evaluation of qualitative
characteristics of the student's autonomy. In this way, it is very important for the
teacher and students to discuss the expected results, the purpose of the evaluation, the
evaluation criterions, and the specific methods in advance.

The main issues to be thoroughly considered are, firstly, the reasons for the imple-
mentation of the portfolio (in which way the portfolio is determined the correspond-
ence of the objectives of the course and the personal development or market needs).
Secondly, it is important to emphasize the ways and principles of the selection of
materials. In this way, it is advisable to distinguish three types of portfolio, depending
on the level of mastery of the specified teaching activity: 1) work portfolio or data
one, 2) report portfolio or presentation one, 3) self-assessment portfolio and/or mutual
evaluation one. Of course, according to this, the third kind of portfolio corresponds to
the highest level of independence and consciousness in their development, based on a
deep understanding of its advantages compared with the traditional learning approach.

In the future, the portfolio becomes a tool for establishing reliable feedback that
promotes the development of certain aspects of the control and evaluation activities of
the individual, namely, analysis of the peculiarities of the performed work, the defi-
nition of criteria and justifications for assessment, the search of directions the qualita-
tive improvement.

Thus, it is expedient to distinguish the following functions of the portfolio:

¢ an informational function (that indicates the level of development of abilities, per-
sonnel changes, achievements, skills acquisition, skills and methods of activity);

e a motivational function (that encourages a transformation of educational processes
and personal self-realization according to the assessment criteria [16, 21]);

¢ a developing function (that contributes to a creative approach to the implementa-
tion of tasks, development of abilities);
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e a research function (that allows processing information, i.e. collect, analyze and
generalize, determine the direction of further search);

¢ an educational function (that indicates the level of acquiring self-consciousness and
adequate self-confident);

¢ adiagnostic function (that determines the causes of learning outcomes).

Undoubtedly, this leads to a change in the style of teaching; the role of a teacher in
such a process is aimed at implementing a liberal interested adjustment and stimula-
tion of educational activities that transform students into active individuals of study.
In this way, there is a gradual transition from external management education to con-
scious self-management, when students are able to independently determine goals,
content, ways of working, evaluation of the experience.

Summarizing, it should be noted that in the current time the portfolio becomes one
key from the factors of a comprehensive definition of the quality of the educational
process [14, 22-24] of the 21st century. In particular, our inquiry has shown students'
achievements in self-regulation, cognitive monitoring, creative self-realization of
students, conditioned by ability to goal-setting (ability to set ones, plan its achieve-
ments in accordance with its initial levels, nature own abilities, optimal pace), pur-
posefulness (sustainability in achieving the goal), persistence in relation to (ability to
formulate rules of activity, system of corresponding laws, to predict results), mean-
ingful vision (the ability to represent graphical images), initiative, reflection (ability to
analyze stages of individual and collective activity, use means, to find contradictions),
ability to ask questions, rule-making means, the meaningful idea of the ob-
jects/processes being studied).

6 Resume

Open distance courses through the rapidly developed digital technology are constantly
changing and expanding possibility educational landscape. The modern tendencies
demonstrate if you can now distinguish three levels of courses: initial, professional
and expert, and then there is neediness to initiate advanced level, which should con-
tinue courses for the design of distance teaching, blended learning and practicum in
tutoring.

Our experience showed a teacher who is work in open educational space is com-
fortable with the understanding that a student is the main point of the learning experi-
ence. Thereby open education and pedagogy are determined as disruptive innovation
and our researches are evidence for decreasing inequality of student's success. How-
ever, additional researches on quality professional development programs and courses
are needed for teacher communities that will facilitate appropriate capacity building to
overcome difficulties and barriers to successful adoption and dissemination blended
learning across HEI.

It’s no doubt many international events like CELT 2018, OER19, ICDE 2019 and
organizations demonstrate significant of open movement, open distance courses will
activate modern changes in the national digital education strategy as social justice in
many countries as well as in Ukraine.
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Abstract. The paper presents the ICT technique for assessment of
schoolchildren abilities, intellectual and personal important qualities for ICT
competences formation, as well as research in this domain. The results of
comparative analysis of abilities of pupils with mathematical and IT abilities in
non-profiled schools in relation to “average” abilities are presented after results
of pilot study. Examples of methodical developments are given. Some expected
and unexpected results of the experimental research are discussed.

Keywords: learning environment, intellect, personality, abilities, high school
children.

1. Introduction

At present, our lives are being built more and more around digital networks. The
cyberspace becomes the general environment of a human life and activity. F.e.,
Internet of Things (1oT) entered our life, about 13 different devices are on average in
each house (computers, laptops and smartphones, routers, IP cameras, digital video
recorders, etc.); in 2018, more than 30 billion loT-devices around the world were
connected to the Internet.

New challenges of time and new directions of society development - Society 4.0,
Education 4.0, penetration of the latest technologies into all spheres of life — need
digital competences for everybody, not only specialists [1], because he/she becomes
the element of the general intellectual capital [2]. As a result, the importance of
information and communication technology (ICT) for education and training [3]
requires the ability to process a large amount of information, to analyze the data
obtained and provides it correctly using the appropriate and modern ICTs, including
in synthetic environment [4], when the ability to work in on-line and off-line modes,
as well as computer modeling is needed [5].

The purpose of the article is to analyze intellectual and personal important qualities
needed for ICT competences of high school students in general (non-profiled)
schools.
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2. Related Work

Specialists in psychology and pedagogics articulate the necessity of forming a person
at the beginning of the XXI century in both formal and informal education [6] with
such professional skills as: informational literacy, inventive analytical thinking, quick
search and processing of information, innovative thinking style, effective
communication, project and team work, problem solving, ability to take
responsibility, high productivity, and life competencies [7]. To date, special attention
is paid to expand the digital competence by not only professional skills, but
understanding threats from the digital environment [8], with special attention to
information security culture [9] and recognition of new nature and features of todays’
networks [10]. This corresponds the general requirements to IT skills [11], but it is
needed to pay more attention to general cognitive abilities of a human [12] for most
professions with regards to importance of the human intellect [13] and possibility to
measure it in accurate manner [14], as well as a human personality features [15] that
form a human as a specialist and as a workforce, and that should be formed
effectively when using computer modeling in class work [16].

3. Method

In a screening study with the help of the ICT developed, and in order to identify the
dominant fields of intellectual activity of high school students (grades 8-11), it was
applied a methodology [17] and technique of psychological test performance, with
subsequent analysis of data obtained. The tests included:

M. Luscher color and associative test (pairs comparison method); purpose of use is
an assessment of stress, balance of psychological qualities; recorded parametersare as
follows: total deviation (CO), Shiposh coefficient (VC), stress level (C), working
capacity (RP), heteronomy-autonomy (GA), concentricity-eccentricity (KE), balance
of personality traits (BL), the balance of the vegetative system (BV).

Myers-Briggs  Type Indicator (MBTI); the purpose of use s
an introspective questionnaire to indicate differing psychological preferences in how
people perceive the world around them and make decisions an assessment of the
ability to certain activities and individual properties of communication; traditional
indices of an individual typology estimation according to the Myers-Briggs
methodology are recorded based on the evaluation of the prevailing signs on the 4
criterion scales: extraversion E - introversion | (orientation of consciousness),
intuition N - sensory S (way of orientation in a situation), thought/judgment J -
perception P (method of preparation of decisions), thinking T - experience F
(decision-making); in our research, we used quantitative evaluation of subjects’ report
on each scale, where each value was calculated as a sum of positive answers to the
appropriate question.

Modified Intellectual Structure Test after R. Amthauer (TCI); purpose of the test

use is a definition of the level of development and structural features of intelligence,
adfa, p. 2, 2011.
© Springer-Verlag Berlin Heidelberg 2011
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as well as attention, memory; the following subtests are used (the brackets show the
corresponding structural component of the intelligence):

LS (testing of language, ability to formulate judgments),

GE (conceptual intuitive thinking),

AN (combinatorial abilities, mobility and ability to switch thinking),

RA (ability to solve practical computational problems character),

ZR (logical and mathematical thinking),

FS (figurative synthesis),

WU (spatial thinking),

ME (memory, attention).

The values of the structural components of intelligence were calculated as the sum
of the correct answers for each subtest, the values of verbal (V1) and nonverbal (NI)
intelligence were calculated as a sum of values, respectively, LS, GE, AN, ME and
RA, ZR, FS, WU. The overall 1Q score was calculated as the sum of values VI and NI
multiplied by the correction factor 1.462 .

The resulting primary data was entered into a spreadsheet for further analysis. Test
results were not personified, but were taken into account for each course separately.

The data analysis included:

. comparative evaluation of indices measured;

3 visualization of these data;

. comparative analysis for three groups of pupils: with higher math abilities
(91), with higher IT abilities (g2) and general group (without abilities), according to
teachers’ marks (g3);

. stepwise discriminant analysis to reveal intellect and personality structure
indices for comparable groups.

Subjects. In order to verify the effectiveness of the methodology, 43 pupils of 8,
9" and 10™ grades of common school (non-profiled) were involved in the testing.

4. Results and Discussion

According to our prior results, intellect value of high school pupils of math and IT
profile is significantly higher than in schools in average [18]. But schoolchildren
participated in those research represented a selective sample, and their 1Q was higher
than 130, as a rule. Results of the intellect measurement in current research
demonstrated that 1Qs in grade 9 was 102, 92, 76 (by groups gl, g2 and g3).
Accordingly, 1Qs in grade 10 were 105, 101 and 80, i.e. a little bit higher, but
significantly less than in pupils of profile schools. We strongly believe that it could be
explained by “blurring” of classes because of children with different abilities.

Important characteristic of the intellect development is an intellect structure.
According to the data known intellect framework impacts the creativity, very
important feature of 1T-competence. From the data obtained, such a structure of three
groups analyzed in the research is relatively expected: higher for pupils of the g1
group and less values for g3 (Fig. 1).
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Fig. 1. Intellect structure of the 9™ grade pupils.

However, unexpected result has been revealed in RA component: ability to solve
practical computational problems character. Pupils of g1 and g2 groups coped with
that task better.

At the same time, in 10" grade results of the test performance were as expected

(Fig.2).
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Fig. 2. Intellect structure of the 10™ grade pupils.

It is necessary to highlight that personality structure of the pupils of the 9™ grade
was practically the same for pupils of g1 and g2 groups (Fig.3), significantly different
from group g3, especially in decision-making on the base of emotions and
introversion.

But 10" grade pupils’ personality structure was similar for all three groups, though
mindset (thinking T index) demonstrated “average” pupils (Fig.4). That result could
be explained by their less formalized thinking and being ready for activity with “open
mind”.
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Fig. 3. Personality structure of the 9™ grade pupils.
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Fig. 4. Personality structure of the 10t grade pupils.

The next step of analysis has been carried out in relation to reveal what particular
components of the intellect and personality could be used to differ groups under
research, first of all g1 and g3, because they demonstrated not always expected
tendencies. To solve that task it was used forward stepwise discriminant analysis to
find which indices could describe those groups more reliable.

Significant indices from 27 intellect, personality and nerve balance features
were included into the discriminant model step-by-step according to the criteria of the
highest value of D2-Makhalanobis factor (D2-M). In this case, some additional values
were calculated: group determination’s coefficient of accuracy (DCA1 and DCA3,
respectively), reliability coefficient for discriminant function (RDF). That technique
was propose and developed by one of co-authors for data analysis in emergent
industries [19].
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The consequence of indices included into the discriminant model demonstrates
that sensory S (way of orientation in a situation) and RA (ability to solve practical
computational problems character) differs math-oriented pupils and others in the best
way (Table 1). The next important indices (VC and BL) are associated with
vegetative balancing of the human central nerve system and specify the group g3
practically with the reliability 100% (discriminant factor equal 1.0). But this is not
enough to specify gl pupils who are described good when the model includes
intellectual thinking indices ZR and T.

Table 1. Building of the discriminant model for 10" grade pupils’ gl and g3

Step Index D?>-M DCAl DCA3 RDF
1 S (sensory) 5.87 0.5 1.0 0.8
2 RA (ability to solve practical 11.95 0.75 0.83 0.8
computational problems)
3 VC (Shiposh’ coefficient) 18.95 0.75 1.0 0.9
4 BL (balance of personality traits)  23.12 0.75 1.0 0.9
5 FS (figurative synthesis) 29.78 0.75 1.0 0.9
6 ZR (logical and mathematical 30.36 1.0 0.83 0.9
thinking)
7 T (thinking) 30.40 1.0 0.83 0.9

The next steps after first 7 were not constructive, because accuracy and reliability of
the groups’ determination could not increase. In other words, pupils with
mathematical and non-mathematical abilities in common classes can be separated by
only 7 significant indices of: personality (sensory and thinking), intellect (ability to
solve practical computational problems, figurative synthesis, logical and
mathematical thinking), as well as personality balance (Shiposh’ coefficient and
balance of personality traits) with quite high accuracy and reliability.

This result demonstrated that schoolchildren of high school can have some clearly
determined features even in common (non-profiled) schools that could be revealed, if
using the appropriate ICT to reveal such “hidden” abilities, usually not determined in
classroom.

At the same time, the results of such an analysis articulated that pupils with math
and IT abilities have similar features in comparison with rest pupils, but all three set
of test indices (intellect structure, psychological preferences and vegetative balance)
are important in formation of psychophysiological portrait of studied g1, g2 and g3
groups. The question that is discussed in psychological literature up to now deals with
the relationship of vegetative features and psychological preferences. In our field of
interests, this relates to the specifics of 1T-able pupils in high school. The analysis of
such a relationship could not give a positive answer, i.e. such research should be
continued, maybe on the biggest cohorts.
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5 Concluding Remarks and Future Work

The technique proposed for assessment of “hidden” abilities of schoolchildren for the
high non-profiled schools and realized as a special ICT can be used in common
education practice. Indices (important to define math- and/or IT-abilities of pupils)
include elements of the intellects structure, personality structure and balance of
psychological qualities.

Problems that require further research in this area: extended research to collect
more wide set of data from profiled and non-profiled schools with math and IT
teaching.
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Abstract. The article describes the method for forming the heath-saving com-
ponent (HSC) of basic school students’ digital competence that involves the
purposeful acquisition of the ability to health-saving use of ICT in educational
process. The basis for named method implementation is the author's training
course, covering 12 academic hours and designed for 5-9 grades classes
(10(11)-15 years old students). The training course can be conducted within the
compulsory subjects or electives in groups of up to 15 students. In the article
the named course tasks are defined, the content units, principles and methods
are represented. The recommendations for the final control (group project) are
given. An empirical study showed that in the experimental group that studied
under the author's method, the number of students with a low level decreased
significantly, while the number of students with average and high levels of HSC
increased. These results are much ahead of those obtained in the control group.
Consequently, the results of the experiment showed the effectiveness of the au-
thor's method for forming HSC of basic school students’ digital competence.

Keywords: Basic School StudentsOF1, Health-Saving Component, Digital
Competence, ICT, Method, Experiment.

1 Introduction

Adjusting to current social demands, educational system of Ukraine has sustained
remarkable changes during last years: updating of regulatory framework, content and
educational standards, implementation of hardware devices that has facilitated expan-
sion of the scope of teaching materials, appearing of new facilities for pedagogical
systems upgrading. Besides the obvious advantages, modernization of educational
domain is related to a range of factors, which produce a deleterious effect on psycho-
physical state and health of rising generation: informational overloads, stress-

1 Basic school in Ukraine covers 5-9 grades and involves 10(11)-15 years old students.

178


https://orcid.org/0000-0001-8186-1715
mailto:Luckyjue@ukr.net
mailto:AlisaSukhikh@school11.onmicrosoft.com

generating situations, hypodynamy, insufficient natural lighting etc. All these factors
create significant tension for child organism, which alongside with other negative
factors leads first to diseases, functional disorders and later to development of organ
pathology.

Major and one of the most forward-looking part of our society is constituted by ad-
olescents. Adolescence is regarded as one of the most crucial periods in human life.
The specificities of this age determine a specific state of organism, full social vulner-
ability, dependence of social environment’s influence at biological and social and
psychological levels. According to World Health Organization, deterioration of living
conditions and decreasing of social stability in society determine growth of stress
state in teenager population more than in other social strata, what leads to increase in
disease. According to National Academy of Medical Sciences of Ukraine (as of 2016)
adolescents display significant health deterioration during the period of their school
studies. According to Ministry of Health of Ukraine (as of 2017) during the last years,
the state of adolescents’ health remains unsatisfactory with a negative tendency to
deterioration.

One of the factors of influence on students’ health state is use of modern ICT.
Analysis of the results of studies in medicine, ergonomics, psychology, pedagogy
(Balanskat A. [1], Dymova A. L. [2], Hainsworth A. [3], Hakala P. T. [4], Hun H. E.
[5], Muhametzyanov I. Sh. [6], Polka N. S., Platonova A. H. [7]) proves that major
part of negative consequences (such as reduction of long-term working capacity, de-
crease of efficiency and quality of learning, cognitive overload, growth of diseases of
locomotor system, impairment of sight, etc.) are mostly determined by «human fac-
tor» and related to non-observance of ergonomic and pedagogic norms. Some re-
searchers point out the risks of the harmful effects of ICT on the physical and mental
health of children and adolescents, which is related to psychological overload, ergo-
nomically unwanted use of equipment and furniture, violation of time standards for
using ICT, etc. (Ciccarelli M. [2], Hainsworth A. [3], HakalaP. T.[4], Zlaman-
ski R. [13]).

That is why of the most dominant current problems is development of scientific
and methodological foundation for health-saving use of ICT, formation and develop-
ment of the relevant competences of educational process participants.

The purpose of our study is to substantiate the method for forming the health-
saving component of basic school students’ digital competence.

2 The presentation of main results

2.1 A forming the health-saving component of digital competence as a main
condition for healthy use of ICT in teaching basic school students

Our study [6; 10; 11, etc.] allowed to establish a suggestion that the foundation for
health-saving use of ICT in basic school (BS) educational process is systematic and
dedicated formation of health-saving component (HSC) of BS students’ digital com-
petence. We define it as student’s ability to apply consciously a range of developed
measures of methodologically reasoned and safe use of ICT in educational process.
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It was defined, that knowledge, abilities and skills of health-saving use of ICT
should be considered within the scope of digital competence as one of its components,
as for:

- Effective work with ICT is not possible without knowledge of observing the
norms and requirements on it safe health-saving use;

- Formation of competence about health-saving use of ICT has to precede the actu-
al start of their application in educational process;

- Development of competence about health-saving use of ICT has to be exercised
hand in hand with studies with use of ICT during the whole period of studies and
mainly in the process of studying IT-disciplines.

Formation of HSC of digital competence of BS students provides their acquisition
set of relevant knowledge, abilities and skills, persuasions and motivation aimed at
preservation of physical and psychological well-being and health while use of ICT.

We have defined main components of HSC of digital competence structure:

1. Value and motivational component, which embraces a system of persuasions, value
orientations and motivation of the person in preservation of his/her own health, in-
terests and mindsets on implementation of health-protection measures.

2. Cognitive component, which envisages systematic acquisition of corresponding
skills on safe exploitation of ICT in educational process: content of safety regula-
tions of work with computer facilities; nature of potential threats while working
with ICT; duration of recommended time limits of work with computer; ways of
minimization of deleterious effects of computer techniques on organism etc.

3. Operational and functional component, which embraces ability to apply theoretical
knowledge of health-saving use of ICT on practice, and envisages following of se-
curity regulations of work with computer; observing time limits of work with com-
puter; ability to adjust his/her working place according to individual specifics and
needs; self-analysis of own state before, during and after work with computer; self-
control and self-regulation of correct posture in the working process; regular
breaks on physical warm-ups to relieve the fatigue sustained by eyes, muscles,
joints etc.

The degree of HSC advancement is attested by advancement of each it’s compo-
nent.

To evaluate the situation with health-saving use of ICT at lessons in BS a survey of
351 persons was conducted: 246 students from 5th to 9th grades and 105 teachers
[11]. In particular, it was found that:

— Teachers and students regularly use ICT in educational process, specifically such
devices as personal computer, laptop, tablet, e-book;

— Valid time limit recommended by state sanitary and hygienic regulations is not
known to most of students and not observed by them. First, it proves the absence of
adults’ relevant control, and second, the low current level of HSC of digital compe-
tence of interviewed teenagers;

— There are no coordinated actions of parents and teachers, what generates a colli-
sion: if time and conditions of work with computer is strictly regulated in with san-
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itary and hygienic standards at school, at home time limits are not regulated and
could last 3 hours and more (!). We believe that defaults of coordination between
the actions of teachers, parents and students could be liquidated by implementation
of systematic teaching and education activities.

The above-mentioned activities require development of relevant methodical stand-
ards for forming HSC of BS students’ digital competence.

2.2 The method for forming HSC of BS students’ digital competence

While planning and exercising of health-saving teaching activity with BS students it
is essential to take into consideration psychological specificities of their studies:

— Choose of methods and forms of studying, which emphasize teenagers’ growing
independence and their self-sufficiency;

— Formation of new motivations for studying: erudition, aspiration to self-fulfillment,
needs for self-establishment and self-improvement;

— Knowledge become a value and allow to gain a certain status among their peers;

— Orientation on independent search of new knowledge;

— Accompaniment of the process of learning with intellectually filled emotions and
selective approach to learning, based on the student’s interest;

— Transforming grade into motivational and stimulating mechanism, which makes a
benefit for work and defines a student’s status in a team;

— Necessity of communication, participation in group activities, and self-recognizing.

As for school studies make a considerable part in teenager’s life, it’s important for
teachers to pay special attention to those types of education activities, which are able
to reveal their independence, responsibility and ability for self-organization, which
makes them more adult according to their personal understanding, stimulates to inter-
action, expressing and justification of their own points of view, and self-
representation. Independent forms of classes, where democratic teaching style per-
sists, and teacher acts as tutor and counselor, gain more attraction in students’ eyes.

It was proven as efficient to apply such interactive methods of studying as training
exercise, business game, brain storming, problematic discussion, group studying and
project activity etc., which strengthen teenagers’ motivation, stimulate their intellec-
tual and emotional activity, engage them to group creative activity and facilitate their
ability to reveal their activeness and leadership.

Development of such psychological functions as attention, reflection, willpower
and ability of self-management makes a ground for effective formation of HSC of
digital competence. In this regard, in order to form HSC of BS students’ digital
competence it is useful to organize special educational events, which would take in
consideration the specific features of this age category. Thus, we have designed a
training course «Health-saving use of ICTs».

The purpose of the course is constituted by forming HSC of BS students’ digital
competence, particularly in acquisition and development of health-saving use of ICT,
values and persuasions about usefulness of observing necessary measures and
restrictions, motivations to do it.
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Obijectives of the course:

— Create in students notions of health, health-saving, develop in them a careful atti-
tude to their health as one of the most important life priorities;

— Create in student a concept of information technology, different kinds of ICTs,
their differences, their disadvantages and advantages, ways of their use for differ-
ent studying, professional and everyday life tasks;

— Form awareness of risks of incorrect use of ICT and its negative consequences;

— Develop a motivation to safe, health-saving exploitation of ICT, persuade students
it’s necessary to protect a healthy sight, locomotor system, long-term working ca-
pacity with use of ICT;

— Form knowledge and skills of creating a safe working environment while use of
ICT;

— Form habits of taking preventive measures on protection of health of sight, back
and joints, correct posture and long-term working capacity while work with ICT;

— Create in students an idea of computer addiction as destructive phenomenon, dan-
gerous for health, disease of XXI century; provide them with recommendations
about ways of its prevention;

— Create in students an idea of cyberbulling as negative and dangerous social phe-
nomenon, give them recommendations about the ways to avoid it.

The course is designed for 12 lessons and lasts 12 academic hours2. The course is
planned to be taught in grades from 5th to 9th.

The course could be taught as integral part of IT-subjects or health-protect-
subjects, as well as elective classes. It would be advisable to teach classes in
subgroups of students of average number 10-12 persons, up to 15 persons at
maximum.

While planning this work a teacher should be guided with the following principles:

¢ Scientific principle — it determines a necessity to teach students contemporary sci-
entific knowledge. It’s appropriate to involve students in independent definition of
topical problems and search for ways of their solution;

e Principle of systematicness and coherence — consistency in teaching and retention
of learning material, consistent and continual transition from simple to difficult
(rule of “concentric circles”) with taking to consideration the subject’s logic and
students’ age specificity;

e Principle of consciousness and activity — based on understanding of particularities
and patterns of people’s cognitive activity, and realizing of the fact that knowledge
couldn’t be transferred, but could be only gained by conscious and active work;

¢ Principle of reinforcement of knowledge, abilities and skills is defined by necessity
of their transforming into a part of students” mind, and a ground of their behavior
habits. For teenagers the efficiency of skill acquisition directly depends on their
comprehension of learning material and understanding of its personal significance.
Implementation of this principle is revealed in students’ ability to apply the newly

21 academic hour = 45 minutes
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acquired knowledge on practice;

e Principle of individualization determines taking into consideration student’s indi-
vidual features (age, intellectual, psychological, physical and other specificities),
and support of individual, specific and special development of every person’s po-
tential.

We define the main following course thematic clusters recommended for studying:

— «Health as supreme value». Objective: create students’ notions of concepts of
«healthy, «health savingy; develop a caring attitude to one’s health and life; create
a sense of responsibility, intention to care for one’s own health and its protection.

— «ICTs in modern teenager’s lifen. Objective: form an idea about different kinds
and advantages of modern ICT in everyday life; produce an awareness what useful
opportunities for a person offers a use of these appliances.

— «Influence of ICT on teenagers’ healthy». Objective: form awareness about poten-
tial negative effects of ICT use on psychological and physical health of teenager.

— «Making a healthy environment». Objective: create students’ ideas about abilities
to create a safe working environment while using ICT.

— «Protecting eyesight and working capacity». Objective: create students’ competen-
cies in protection of healthy eyesight and preservation of long-term working capac-
ities while working with ICT.

— «Making a correct posture». Objective: create students’ skills about keeping cor-
rect posture while working with ICT.

— «Tantalizing virtual world». Objective: create students’ knowledge of sense of
dangers created by computer addiction and prevention of it.

— «On the other side of Internet communication». Objective: create students’
knowledge of sense of dangers created by cyberbulling and prevention of it.

Within the scope of the course it’s recommendable to use interactive teaching
methods, which have proved their efficiency in work with BS students, in particular:
interactive mini-lectures, group studying activity, group didactic games,
demonstration and discussion of video fragments, discussions, justification of own
ideas, brainstorming and others, which are designed to develop knowledge, abilities,
skills and attitudes on health-saving use of ICT.

Final control of the course is represented by group project, the execution of which
foresees an application of acquired knowledge and skills from different thematic
sections of the course. Sense of the project, tasks of the project, stages of its
execution, evaluation criteria are reported to students at the first (introduction)
training class.

We define the following stages while preparing the group project:

4. Dividing students on mini-groups (3-4 people).

5. Choosing topic for each group.

6. Definition of objective, tasks, hypothesis, object and subject of the project, re-
search methods.

7. Assortment and study of the material about the given issue.

8. Design of theoretical part of the project.
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9. Design of questionnaire and conducting survey on research problem (among
peers, younger grades students or others).
10. Analysis and design of the results of the survey.
11. Design of research project.
12. Creating visibility for presentation of the project.
13. Presentation of the project.

We offer to design the project according to the following structure:

1. Introduction (topicality of research problem, objective, tasks, hypothesis, object,
subject, research methods).
2. Main part (theoretic overview of problem; analysis of results of peers’ interviews
concerning the research problem).
. Conclusions, recommendations.
. Appendices.
5. List of used sources.

~ w

By way of example, we offer the next topics for research project, which could be
chosen by students at their own wish:

— Human health in epoch of informatization.

ICT device: benefit or harm?

— ICT devices in modern teenager’s life.

— Influence of ICT devices on health of junior student.

— Influence of electromagnetic radiation on human organism.
— Influence of ICT devices on human eyesight.

— Computer games and human health.

— Influence of global network on child’s mind.

— Cyberbulling as social phenomenon of our time.

— Conditions of safe work with ICT devices.

The finished projects should be presented at the end of the course. After every
presentation, it is advisable to discuss it and evaluate by teacher and other students.
The finished projects could be represented at contests of students’ works, school and
local exhibitions, festivals of science etc.

Diagnostic of levels of forming students’ HSC is reasonable to be done at the be-
ginning of training course and upon its end in order to reveal the dynamics of this
competence’s forming.

Evaluation of value and motivational component. In most cases in order to define
motivation for healthy lifestyle, surveys, interviews and discussions are applied. In
general, the student’s motivation could be defined by his/her verbal expressions,
which allow indicating presence or absence of motivation, and its extent fairly accu-
rate. In order to evaluate the level of forming of value and motivational components
of HSC it is reasonable to use a method of survey.

Evaluation of cognitive component. In order to define a level of forming of HSC
cognitive component it is reasonable to apply a pedagogical testing.

Evaluation of operational and functional component. Defining to what extent the
students observe the requirements of health-saving use of ICT, is quite a complicated

184



task. We regard the following methods advisable: monitoring (during educational
process at school) and conducting surveys (both of students and their parents are
asked about the issue to what extent children observe health-saving rules at home).

The assessment methods for each component that we have developed are presented
in our manual [8] in detail.

The level of forming of HSC of students’ digital competence is calculated as
arithmetical mean of all three components: value and motivational component, cogni-
tive component and operational and functional component.

Having applied a diagnostic method, we can obtained two results:

1. Data on general formation level of student’s HSC;
2. Data on formation level of each component of HSC, which allows in case of neces-
sity to correct them.

The result of study at the author’s training course should be a formed HSC of
students’ digital competence - their ability, knowledge, skills, attitude, and
motivation to health-saving use of ICT during educational process.

In summary, forming HSC of students’ digital competence allows creation of
ground for safe use of ICT not only in educational institution, but also in extracurricu-
lar time, in private life and during leisure time. Implementation of purpose-oriented
studying and educational events, coordinated interaction of all subject of educational
process will facilitate preparation of young generation to conscious and responsible
attitude to their own health, health-saving activity, also in aspect of use of ICT.

2.3 Empirical attesting of efficiency of author’s method for forming the
health-saving component of BS students’ digital competence

In order to validate efficiency of author’s method a research was conducted about the
definition of formation level of HSC of students from control group (CG) and exper-
imental group (EG) at the beginning and at the end of experiment.

CG and EG were formed as follows:

— the CG included students of 7-9 grades of the 157th Lyceum of Kyiv, Ukraine
(143 persons). Students of the CG used ICT in the usual mode;

— the EG included students of 7-9 grades of the 157th Lyceum of Kyiv, Ukraine (137
persons). For EG-students a cycle of training course on the topic “Health-saving
use of ICTs” was conducted.

Thus, the students from CG studied in ordinary conditions, while students from EG
studied according to the specially designed method and for them special training
course was organized.

At the end of the study, experimental data have shown positive changes in levels of
forming of HSC components of students who belonged to EG compared to levels of
HSC components of students who were in CG.

Control group. Analysis of the results has shown that CG has low (reproductive)
level of value and motivational component in 40 % of students at the beginning of
experiment, and 33 % of them had it at the end of the experiment. Low level of cogni-
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tive component and knowledge of safe use of ICT in educational process at the begin-
ning of the experiment 63 % of students had and 54 % of them had such level at the
end of experiment. Low level of operational and functional component, abilities and
skills of safe use of ICT had 70 % of students at the beginning and 68 % of students at
the end of experiment.

Mediocre (constructive level) of value and motivational component of HSC at the
beginning of experiment was diagnosed in 43 % of students and in 47 % of students at
the end of experiment. Mediocre knowledge of safe use of ICT in educational process
28 % of students had at the beginning, and 36 % of them at the end of experimental
work. Mediocre level of abilities and skills in students about safe use of ICT during
the learning process was found in 22 % of students at the beginning and in 23 % of
them at the end of experiment.

High (productive) level of forming of value and motivational component, positive
motivation and value orientation of students about health-saving use of ICT at the
beginning of experiment was found in 17 % of students, in 20% of students at the end
of experiment. High level of cognitive component, knowledge about safe use of ICT
in learning process at the beginning of the experiment was found in 9 % of students
and in 10 % of students at the end of experiment correspondingly. Advanced level of
operational and functional component, abilities and skills in students about safe use of
ICT were detected at the beginning of the experiment in 8 % of students and in 9 % of
students at the end of experiment correspondingly.

Experimental group. There is a low (reproductive) level of value and motivation-
al component in EG, which makes a ground for forming HSC in students: at the be-
ginning of experiment, it was diagnosed in 41 % of students, and in 17 % of students
at the end correspondingly. Low level of expertise about safe use of ICT in education-
al process was diagnosed in 60 % of students at the beginning of the experiment, and
in 29 % of students at the end. Low level of abilities and skills of safe use of ICT in
the process of studies was revealed in 67 % of students at the beginning of the exper-
iment, and in 42 % of students at the end of experiment.

Mediocre (constructive) level of formation of value and motivational component of
HSC at the beginning of experiment was displayed in 44 % of students, and 58 %
showed it at the end of the experiment. Mediocre level of knowledge about safe use of
ICT in studying process was revealed in 31 % of students at the beginning of the ex-
periment, and in 46 % of students at the end. Mediocre level of abilities and skills of
safe use of ICT in the process of studying was diagnosed in 23 % of students at the
beginning of the experiment, and in 40 % of students at the end of experiment.

High (productive) level of value and motivational component of HSC, positive mo-
tivation and value orientations in students about health-saving use of ICT at the be-
ginning of the experiment was revealed in 15 % of students, and in 25 % of them at
the end of experiment. High level of cognitive component and knowledge about safe
use of ICT in educational process was demonstrated by 9 % of students at the begin-
ning of the experiment, and by 25 % of students at the end of experiment. High level
of operational and functional component, abilities and skills of safe use of ICT in the
process of studies was diagnosed in 10 % of students at the beginning of experiment,
and in 18 % of students at the end of experiment.

Thus, as a result of the experiment we obtained a remarkable growth of indicators
of high and average levels, and also reduction of indicators of low level of formation
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of all HSC components in students from EG in comparison with students from CG.

In table 1 a comparative characteristics of levels of formation of HSC in students
from EG and CG at the beginning and at the end of experiment are represented.

The analysis of the results provided in table 1 and figure 1 displays that in control
group high (productive) level of forming of HSC (altogether in accordance to all its
components) at the beginning of the experiment was found in 11 % of students, at the
end of experiment it was found in 13 % of students; mediocre (constructive) level was
found in 31 % of students at the beginning of the experiment and in 35 % of students
at the end of the experiment; low (reproductive) level was diagnosed in 58 % of stu-
dents at the beginning of the experiment and in 52 % of students at the end of the
experiment.

In experimental group high (productive) level of forming of HSC (together in ac-
cordance with all its components) at the beginning of the experiment was revealed in
11 % of students, and in 23 % of students at the end of experiment correspondingly;
mediocre (constructive) level was found in 33 % of students at the beginning of the
experiment and in 48 % of students at the end of the experiment; low (reproductive)
level was found in 56 % of students at the beginning of experiment and in 29 % of
students at the end of the experiment.

Table 1. Dynamics of levels of formation of HSC in students from EG and CG at the beginning
and at the end of experiment

Number of pupils in CG, n=143 | Number of pupils in EG, n=137
Pedagogic experiment
— start end start end
I’ilegn g ElE E| s = £ s £ T <
' - [ Q [} [ ) [ 5
2|88 2|88 8| 2|58 =|85 8
S| 2€ 5| 2€l b8 5|2 5| €| &=
3 © 3 Q o 5| o <) ISE=] o) 55 5
|85 8|8F|E | 8|85 8|15 E
© © kS © c | © 5
c = [ £ c = P f=
1 High
(productive) 16 11 19 13 +2 15 11 31 23 +12
2 Mediocre
(constructive) | 24 | 31 | 50 | 35 | +4 | 45| 33 | 66 | 48 | +15
3 Low
(reproductive) 83 58 74 52 -6 7 56 40 29 -27

Having compared the results we have defined that indices in both groups have in-
creased in all levels. In particular, high (productive) level of HSC has grown: by 2%
in CG, by 12 % in EG; the number of students with mediocre (constructive) level of
HSC has grown: by 4 % in CG, and by 15 % in EG. The number of students with low
(reproductive) level of HSC has decreased instead: by 6 % in CG, and by 27 % in EG.
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Fig. 1. Dynamics of levels of formation of HSC of students’ digital competence in EG and CG
at the beginning and at the end of the pedagogic experiment

The results obtained have testified that for the period of conducting forming stage
in EG the number of students with low level of HSC has decreased significantly (from
56 % to 29 %), at the same time the number of students with mediocre (from 33 % to
48 %) and high (from 11 % to 23 %) levels of HSC has grown, what outruns signifi-
cantly the results obtained in CG.

The validation of data differences for three criteria, obtained in EG and CG accord-
ing to Pearson’s chi-squared test y2 =20,79 (20,79>5,99), allows to make a conclu-

sion about significance of these differences at the level of 95 % value and it generally
attests efficiency of the offered method for forming HSC in students of BS.

Final analysis of the data obtained as a result of experiment has allowed to confirm
a hypothesis that growth of level of HSC of BS students’ digital competence is possi-
ble by means of author’s method implementation.

3 Conclusions and discussion

On the current stage of development of the society one of the dominant problems is
design of methods of students’ health-saving in conditions of digitally oriented educa-
tional, safe use of ICT in learning process. The research of this problem bears an in-
terdisciplinary character and requires application of knowledge from different scien-
tific domains: pedagogic, psychology, ergonomics, informatics, medicine etc. Health-
saving, ergonomically and pedagogically balanced use of ICT in educational process
will facilitate the increase of efficiency and quality of didactic material retention,
preservation of optimal working capacity level and functional state of students’ or-
ganisms.

Forming of HSC of students’ digital competence can produce a positive effect of
reaching one of the principal objectives of studies with employment of modern devic-
es — formation of healthy and competitive members of informational society, able to
orient themselves in flows of information apply technologies at high and competent
level.

It is defined that option of health-saving use of ICT is appropriate to be considered
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within the scope of digital competence as one of its components — a health-saving
component of digital competence. Forming of student’s HSC envisages acquisition by
him/her of the set of corresponding knowledge, abilities and skills, attitudes, persua-
sions, motivations, focused at preserving of physical and psychical well-being and
health while use of ICT. For this purpose, the author’s method was designed. The
outcomes of the experiment have attested an efficiency of the developed method, thus
it could be recommended for implementation in BS educational process.

We find prospective lines of further research in defining organizational and peda-
gogical conditions of health-saving use of ICT, determination of special features and
ways of forming and development of HSC of digital competence in other subjects of
educational process, teachers in particular.
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Abstract. The usage of ICT has become an integral part of the learning process.
It provides such benefits as improving learning efficiency, developing thinking
culture, sharing knowledge and collaborating in the fast-paced digital society.
The article is devoted to summarize the pedagogical conditions for future pri-
mary school teachers’ research competences formation with the usage of ICT in
education. The results of the survey of students’ usage of different ICT are ana-
lyzed. The basic directions of modern students’ scientific work are analyzed.
The main directions of students’ research work are discussed. On the basis of
the analysis of students’ usage of the ICT in scientific work, a five-step model
of activity was created and tested, in particular, research planning, information
phases, experiments, analytics, as well as the stage of project execution and
presentation of research results.

Keywords: ICT, scientific work, research work, professional pedagogical edu-
cation.

1 Introduction

Modern education of a teacher requires the students to do special research work and
to become a professional with a set of research skills. It is also applied to primary
school teachers due to the fact that the qualifications directly depend on the level of
professional training as well as on the condition of the formation of research skills.

The problems of future teachers’ scientific training have been reproduced in many
Ukrainian and foreign studies. However, today there is no exact term of ‘students’
research activity’. It is a complicated synthesis of learning and student's new experi-
ence in the educational environment with a pedagogical direction. Research work
means the process to form search skills and knowledge, scientific language the all
these make a teacher ready to do his or her professional activities. It also contributes
to the effective performance of professional functions, and is one of the criteria for
qualifying a teacher, his readiness for self-development and innovations.

It should be noted that in today's conditions, the use of information and communi-
cation technologies has become an integral part of any sphere of human activity in
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particular of education. Modern information tools provide students with a wide range
of multimedia, electronic and Internet technologies as a result the ability to conduct,
collaborate and share their research.

2 UKkrainian scientific works of students’ researches.

There is a new educational paradigm in Ukraine. Its ideas are intended to train spe-
cialists who unite both a competent worker and a researcher, who is capable to do his
job in the conditions of continuous change of knowledge about the world. According
to the overwhelming majority of scientists, the problem of professional competence of
university graduates, and especially their preparation for scientific research, is actual-
ized in the context of the transition to the information society.

It becomes axiomatic that the competence of a specialist researcher is one of the
main conditions for his successful professional activity. Thus, O. Spivakovsky,
L. Petukhova, N. Voropay and V. Kotkova emphasize the necessity of creating the
informational-communication pedagogical environment, which ensures the positive
learning motivation in today’s informational and educational conditions [6].

The implementation of information technology in various fields of modern educa-
tion system is becoming more and more complex and challenging [2].

A particular problem of the professional training of pedagogical workers is the op-
timization of informatization of higher education. The researchers singled out the
main objectives of teachers’ training within informatization of education [4]:

— to make the ideas about the role of computerization of higher education, types of
information technologies and methods of their application;

— to introduce the positive and negative aspects of the usage of information technol-
ogy in education;

— to study the experience of the using of information technologies in universities;

— to develop the personal information culture.

Thus, L. Petukhova notes that the traditional educational process does not ensure
the formation of informational competence. It is the key competence for future spe-
cialists. The education is not effective unless it is aimed primarily to overcome the
following difficulties:

— gaps in previously acquired knowledge;

— insufficient information culture;

— inability to choose the right mode of work and rest;

— lack of skills for independent study of the material;

— lack of skills for control their knowledge and skills;

— lack of systematic control of activity;

— insufficient self-esteem of their capabilities;

— insufficient number of consultations allocated to each of the disciplines of the ped-
agogical cycle;

— insufficient level of development of research skills;
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— low level of development of abstract and analytical thinking and creative abilities
of students, etc. [8].

At the same time, the analysis of special literature shows a fairly large number of
works that raise the issue of ICT usage in student’s learning activities, in particular
research. The availability of an adequate informational and pedagogical environment
facilitates the assimilation of a large amount of information, which is important in the
context of intensive development of scientific and technological and social progress,
where knowledge is updated every 3-4 years with a clearly defined rate of reduction
of this process.

At the same time, the analysis of literature shows a large number of works that
raise the question of using ICT in the students’ learning activity, particularly in re-
search. The availability of an adequate informational and pedagogical environment
facilitates the assimilation of a large amount of information, which is important in the
context of intensive development of scientific and technological and social progress,
where knowledge is updated every 3-4 years with a clearly defined rate of reduction
of this process. The availability of an adequate informational and pedagogical envi-
ronment facilitates the assimilation of a large amount of information, which is im-
portant in the context of intensive development of scientific and technological and
social progress, where knowledge is updated every 3-4 years with a clearly defined
rate of reduction of this process.

On the basis of the analyzed literature it can be argued that the timely and correct
use of innovative educational resources in the educational process and research work,
the constant interaction of the student and the teacher in the information and commu-
nication pedagogical environment will lead to the improvement of the quality of edu-
cational services, and to the increasing of students’ preparedness level to study higher
education, improve the quality of educational services provided by higher educational
institution. Consequently, in the context of the dynamics of modern society, the future
teacher should be prepared to acquire and comprehend new information, its improve-
ment and application in the educational process by means of innovative technologies.

3 The investigation of ICT usage in students’ researches

The teacher’s professional training is carried out not only in the process of learning
the theoretical course, but also in the course of educational work by tools of pedagog-
ical practices, students’ participation in research activities.

Of course, each kind of work has a research nature, and all types of educational ac-
tivities of the higher education institution influence on the formation of research skills
of future teachers. High level of professional training requires a clear organization of
educational work, which provides a search and problem approaches to its implemen-
tation. First of all, it refers to the methodological substantiation of the educational
process, that is the system of initial positions and methods of organizing theoretical
and practical educational activities in modern conditions.

Conducting research on this issue determines the use of both theoretical and empir-
ical research methods. Thus, studying the readiness of students to use information
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technology in scientific work is impossible without analysis, comparison and synthe-
sis, an abstract approach to determining the basic laws of the use of information tech-
nology, a logical approach to describing their possible implementation of innovative
educational methods. The main means of obtaining results are conducting question-
naires and analysis of indicators of readiness of students of pedagogical specialties of
higher educational institutions of Ukraine to use information technologies in the edu-
cational process and research work. As known, the Ukraine’s Higher Education Insti-
tutions use information technologies in the educational process and research work.

ThisresearchwasconductedonthebasisofthepedagogicalfacultyoftheKhersonStateUn
iversitywithintheframeworkofresearchwork. It included a series of surveys aimed at
researching various aspects of ICT use by students. It should be noted that the materi-
al base of the faculty is at the necessary and sufficient level. Students have access to
the computer classes; each classroom is technically staffed.

The questionnaire received answers of 100 respondents who are students of the
4thyear of the Pedagogical Faculty of Kherson State University, specialty “Elemen-
tary education”, ‘“Preschool education”. In order to determine the basic level of use of
ICT by students, we have identified quantitative and qualitative indicators, which
made it possible to predict future psychological and pedagogical measures for form-
ing the readiness of the use of technical means.

It is important to monitor the dynamics of the use of modern information technolo-
gies and their impact on the quality of educational services, because this is the way
we get an opportunity to analyze the state of the functioning of the education system
as a whole and determine the prospects for its development, which are taken into ac-
count in the process of formation of the state policy in the field of education.

The results were compared with the results of the research of 2015/2016 years,
which was conducted among the students of pedagogical specialties [5]

Based on the results, you can see a dynamic picture of the use of ICT by students
of the Pedagogical Faculty of the Kherson State University. The difference between
the level of use of ICT at the beginning of study at the end is shown in Fig. 1.
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Fig. 1. Use of different types of ICT by students of the Pedagogical Faculty

Based on the results, we can state that the level of intensity and quality of ICT ap-
plication by students of pedagogical specialties increased during the period of study at
the university.

At the same time, since the third year of education, students are became actively
involved in various types of research, which requires them to apply innovative com-
munication technologies and appropriate actions.

Let's consider the main directions of students’ research work(Fig. 2, Fig. 3).
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Fig. 2. Main directions of students’ research work in educational process

195



Participation in scientific workshops
(on the level of departments and faculties)

Work in student informational-analytical, legal consultations, etc.

Advertising, lecturer's activity

educational process

[}
=
—
]
~
22}
~—
=]
o
4
—
o
=
Q
Jam
=
=)
o=
Q
75]

‘Writing abstracts of scientific reports, publications,
participation in conferences

Fig. 3. Main directions of students’ research work outside the educational process

As is known, the most traditional means of formation of research competences in-
clude lectures, seminars, practical and laboratory work. The specific load of a lecture
in the course of scientific work of a teacher is to attract students to creativity, to in-
crease their interest in research. This is realized by providing a problematic nature of
teaching the material, an optimal combination of traditional and innovative teaching
methods. As a result of the survey of students of the Pedagogical Faculty of Kherson
State University, lectures, discussions, lectures, press conferences, lectures-
visualizations, lecture-round tables, problem lectures, etc. proved to be effective.

The results of our research confirm that in the system of scientific and cognitive
training of students a significant place should belong to the creative nature of the
organization of seminars and practical classes, the main purpose of which is the for-
mation of skills of practical application of theoretical knowledge, the ability to use
them in future professional activities. By means of specially developed creative tasks
the ability to laconic and logically express own opinion develops, the skills of the
search and processing of information are formed. Inclusion of elements of experi-
mental search, creation of situations for intensive development forms an interest in
scientific work and skills of the collective activity of the future teacher.

The most effective organizational forms include seminars-discussions, colonial
seminars, workshops, consultations, independent work, as well as game techniques,
competitions, round tables, debates, etc. A prerequisite for improving the level of
student research is the use of active methods, which include role games, psychologi-
cal sketches, modeling, etc. Special mention should be made of the development of
mini projects during the classes themselves and individual and group projects that are
being developed outside of the auditorium. Their potential opportunities ensure the
search character of learning, the intensive development of scientific knowledge of
students, prepare for creative professional activities, independent acquisition of the
necessary information base [8].
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Unfortunately, a significant number of students do not possess the skills of the
search and processing of scientific information, does not have a clear idea about the
structure of scientific works, the problem is the adequate selection of research meth-
ods. Thus, there is a need to create favorable conditions for the implementation of the
readiness for the use of innovative communication technologies, based on beliefs and
clear value orientations, in which the motivational component is considered as the
person’s quality, on which the person’ attitude to his behavior and activity depends.

It should be noted that there is need for wider involvement of future teachers in
"optional” forms of research, such as participation in scientific laboratories, unions,
exhibitions, competitions, contests, scientific seminars [1, 5, 7].

The introduction of ICT into the research work of students is possible at each stage
of the research. Thus, for example, student research during the writing of scientific
papers in general form can be submitted in the form of an active model consisting of
five stages:

The
experimental

of the research
stage

Stage of the design and
presentation of the research
results

The Analytical
stage

Fig. 4. Stages of students’ scientific work

Let’s describe the possibilities of using ICTs at each stage (Fig.4).

1. The planning of research (selection, study and synthesis of scientific and statistical
information, consideration of possible directions of research and their evaluation,
choice of study direction, justification of the accepted direction of research):

— Information systems and resources (search engines, electronic catalogs and reposi-
tories)

— MindMeister, Mindomo, MAPMY self, Spinscape, Text2MindMap, VivaMind, and
other software for creating mental maps.

2. Information phase (search and selection of information, accumulation of various
facts concerning the subject of research received by other scientists)::

— search engines (Google, Rambler, Bing, Yahoo! etc.)
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— electronic catalogs and repositories (Electronic Catalog of the Vernadsky National
Library, ELibUkr, Scientific Electronic Library of the Periodicals of the National
Academy of Sciences of Ukraine, DissForAll, DissCat, etc.)

— Internet bookmarking services (Google's built-in service, Pocket, Streme,
Saved.io, Memori, Xmarks, etc.).

— online data warehouses (Google Docs, DropBox, Mega etc.).

3. Experimental stage (staging and conducting an experiment for obtaining own facts,
new knowledge about the subject of research)

4. Analytical stage (analysis of all acquired facts about the subject of research, their
generalization, interpretation, allocation of correlation and causal relationships,
justification of regularities, etc.):

— special computer programs for the receipt and processing of analytics and its
presentation in graphical form

— Feedback services

— digital devices

— Information systems and resources (search engines, electronic catalogs and reposi-
tories)

— online storage (Google Docs, DropBox, Mega, etc.)

5. Design and presentation of research results:

— Text editors for presentations and videos (MS PowerPoint, ProShow Producer,
OpenOffice.org Impress, Corel Show, etc.).

— Internet resources for placing research results (YouTube, Web pages of the re-
search group, etc.).

To summarize, it can be argued that there is a real opportunity for a modern high
school to participate in research work with the help of using certain types of legal
training for future primary school teachers. But the students’ lack of experience is the
reason of learning without enthusiasm, without getting any satisfaction from the exer-
cises. Often it can be caused by the lack of motive for scientific research, the absence
of professional orientations, the instability of the desire for knowledge.

In our opinion, the lack of interest in independent creative activity of students is
caused by:

— their low informativeness about types of scientific activity in higher education;

— organization of the educational process on the laws of simple reproduction of

— knowledge and skills;

— optional participation in extra-curricular research work;

— lack of a system of encouragement for scientific research;

— insufficient level of scientific and pedagogical preparation of a part of teachers
(absence of the necessary “scientific school”)

The negative aspect in students' scientific training is a formal approach to the
choice of the subjects of course and thesis, the reluctance and the inability to conduct
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an experimental phase of the study. the consequence is the unsystematic nature of
special knowledge, insecurity in their forces, passivity, weak motivation for scientific
research [3, 4].

We were interested in T. Vakolya's study, conducted on the basis of the pedagogi-
cal faculty on the problems of forming the research competence of future teachers of
elementary school. The author has proved that the formation of research competence
should take place in stages: diagnostic-prognostic, informational, practical, creative-
heuristic.

Diagnostic-prognostic (1 course) -occupied with collecting the necessary infor-
mation about the first-year students, studying the motivational palette, diagnosing the
levels of formation of scientific research knowledge and skills of students. The second
- informational (2 year) - carried out intensive accumulation of experience in acquir-
ing scientific information, system of research knowledge, preparation for independent
research, acquaintance with research methods and forms of scientific work in higher
educational institutions, development of reflection. The third - practical (3 course) -
provided the experience of methodology of pedagogical search, methods of transfor-
mation of pedagogical activity, which are transformed into creative projects, systema-
tization of experience of practice, registration of scientific products, introduction of
the results of independent scientific research, formation of personal qualities. The
fourth - creative-heuristic (4 year) - envisaged the student's awareness of the objective
way of professional activity, the ability to reflect, readiness for self-improvement on
the basis of self-analysis and the synthesis of individual properties and acquired peda-
gogical experience, readiness to simulate future professional search activity. At this
stage, the systematization of the acquired research knowledge and skills [4] was com-
pleted.

This approach allows students to purposefully accumulate the necessary research
skills. Naturally, the involvement of students in research activities is preceded by their
familiarization with methods and methods of scientific research, the ability to collect
material, work on literature, the use of scientific apparatus.

The main thing in teaching is not learning a huge array of information, but the abil-
ity to independently acquire it, purposefully work with it, choose the necessary
knowledge, have a mechanism for systematically replenishing and updating your own
thesaurus.

At the same time, the productivity of research activities at the specified stages de-
pends on the quality of use of information and communication technology, which is a
means of positive self-realization of the student in education.

As a result of the diagnosis, the following results were obtained (Table 1, 2).
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Table 1. Characteristics of students' readiness for carrying out of pedagogical researches on a
control slice (in percent)

Levels
Criteria High Medium Low

K |[E |[D |k |E |D |K |E |D
Research knowledge | 37 | 155 | 11,5 | 25,3 | 60,4 [ 35,1 | 71,0 | 24,4 | 46,6
and skills
Motivational 98 [ 20,9 | 11,1 | 306 | 53,2 | 26,2 | 59,6 | 25,9 | 33,7
orientation
Research  qualities,
productivity of ac- | 7,6 | 18,3 | 10,7 | 32,4 | 50,0 | 17,6 | 60,0 | 31,7 | 28,3
tivity
Communicative

47 | 16,8 | 12,4 | 21,7 | 51,3 | 29,6 | 73,6 | 68,1 | 55
Reflexivity

72 | 218|146 | 284|497 | 21,3 | 64,4 | 28,5 | 35,9
On the average 7,1 119,01 11,9 29,2 | 53,3 | 24,1 | 63,7 | 27,6 | 36,1

Where:
K - control group;

E is an experimental group;
P - difference in indicators.

Table 2. Characteristics of students' readiness for conducting pedagogical researches on the
results of the forming stage of the experiment (in percentages)

Levels
Criteria High Medium Low

K |E |D |k |E |D |x |E |D
Research
knowledge and | 12,8 | 25,1 | 12,3 | 30,2 | 55,1 | 24,9 | 57,0 | 19,8 | 47,2
skills
Motivational 16,0 | 34,0 | 18,0 | 35,8 | 55,2 | 19.4 | 48,2 | 10,8 | 37,4
orientation
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Levels

Criteria High Medium Low

K E D K E D K E D

Research  quali-
ties, productivity | 15,8 | 36,2 | 20,4 | 40,5 | 55,4 | 14,9 | 43,7 | 84 | 353
of activity

Communicative
11,2 | 316 | 204 | 32,1 | 54,2 | 22,1 | 43,3 | 14,2 | 29,1

Reflexivit
y 11,6 | 40,1 | 28,5 | 40,3 | 55,0 | 14,7 | 48,1 | 9,6 | 38,5

On the average 140|338 | 198 | 36,7 | 57,6 | 21,0 | 49,3 | 8,6 | 40,7

Consequently, the results indicate a significant increase in the indicators of the
formation of preparedness for conducting pedagogical studies of future teachers of
elementary school.

Looking forward to solving the problem of developing the research competence of
future primary school teachers, in our opinion, the following directions can be consid-
ered: the further search of effective technologies and means of forming research com-
petence; creation of more modern models of integration of research competence with
other components of professional culture of students; studying and using the latest
information tools; further study of ways to improve the quality of management of the
process of forming the research competence and competence of the leaders of the
scientific work of students, which in essence should be facilitators, in the form of
tutors (changes of the outdated system of curatorial activity).

The research allowed to identify a number of contradictions in the pedagogical,
methodological and scientific nature of the informatization of higher education. In
particular, the contradiction between the orientation of pedagogical practice to the
intensive process of informatization of higher education (the introduction of infor-
mation and communication technologies in the educational process) and the lack of
established generally accepted methodological and theoretical foundations of the pro-
cess of informatization, its strategic prospects for development. Another contradiction
is the presence of updated and improved technical means of training and the devel-
opment of a methodology for their implementation in higher education.

4 Conclusions

Informatization of education is one of the main priorities in the development of higher
education. It is a qualitatively new stage for the whole system of higher education, a
promising direction for increasing the efficiency of the studying at a higher educa-
tional institution.
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The analysis of students’ usage of ICT resources in the learning and research
makes it possible to assess its level as low. Thus, this indicates the need to increase
the level of IT ownership, from high school and during studies in universities. The
research revealed an imbalance between the opportunities of the university's infor-
mation and communication pedagogical environment and the readiness of students to
use IT resources from the beginning of education. One of the ways to increase the
readiness of students to use information technology in the educational process and
research work is to use computer communication tools, social networks, software
such as Microsoft Office, Google Docs, etc.

The generalization of the necessary information and the results of our research
shows that the problem of forming the research competencies of future primary
school teachers is due to the influence of a number of reasons: the lack of substantiat-
ed recommendations for the development of scientific potential in the realities of
social requirements, the educational process is not focused on the formation of re-
search competencies as a component of professional training, not the possession of a
part of teachers of higher education by the relevant conceptual and terminological
apparatus, unmotivated students to vocational and scientific research, etc. The synthe-
sis of training and obtaining the experience of conducting scientific research is the
attraction to the search activity, the theoretical foundations of which are laid both in
the process of mastering academic disciplines, and in practical implementation
through the preparation and protection of abstracts, coursework and diploma papers,
participation in problem research groups, student laboratories. The direct influence on
the course of the algorithm of the educational process is the motivation of choosing a
future profession, the availability of adequate introspection, the ability to predict the
mechanism of professional growth and self-improvement. In the future, further explo-
ration is the development of a model for the formation of the research competence of
the future teacher of elementary school on the basis of the competency-axiological
approach.
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Abstract. At present, various strategies and initiatives focused on innovation of
educational technologies in higher pedagogical education are offered in
Ukraine. The study of the state of the formation of teachers’ digital competenc-
es in the process of their professional development has been carried out on the
basis of Ternopil Volodymyr Hnatiuk National Pedagogical University.

The article analyzes foreign and national approaches and strategies to the
development of teachers’ digital competences. The results of the study, aimed
to determine the features of mastering digital competencies in the process of
teachers’ professional development and their lifelong learning, are presented. In
total, 258 teachers from Ternopil and Ternopil region (Ukraine) took part in this
research. The study combines a variety of statistical tools and techniques in the
real contexts of higher education. The research has been carried out to deter-
mine the characteristics of elements that measure the digital competency of the
professional development. The results were processed based on the Item Re-
sponse Theory (IRT). This article demonstrates the utility of the standardized
LD ¢ statistic and the M, statistic as provided in the software IRTPRO, but not
available readily in most IRT programs and not discussed commonly in peda-
gogical papers for IRT.

On the basis of the research carried out at the Ternopil Volodymyr Hnatiuk
National Pedagogical University, the strategy for the professional development
of digital competencies of teachers in the process of their lifelong learning has
been developed, which takes into account the results of the analysis of the crite-
ria and indicators inherent for the qualitative improvement of qualifications,
that have been determined by international standards and studies of professional
institutions.

Keywords: digital competencies, approaches, professional development, teach-
er training, lifelong learning.
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1 Introduction

Society's digitalization involves the need to create strategies for the development of a
modern educational digital environment. As digital technologies are becoming central
part of everyday work, teachers are made to rethink and transform educational tradi-
tions through new technologies and learn throughout their lives. This problem re-
quires the creation of approaches to the development of teachers’ digital competences
in the process of their lifelong learning.

The reform of Ukrainian education involves a new educational strategy that focus-
es on the pupils and on the competence learning. This approach involves fundamental
changes in the professional priorities and school teachers’ roles [23]. Teachers must
adapt their professional competences in accordance with the requirements of the mod-
ern digital technologies development. Therefore, professional qualification improve-
ment and lifelong learning are of paramount importance for the development of
teachers’ digital competencies.

2 Justification of the problem

Digital education is a multifunctional concept that includes the structure, culture and
goals of schools, new roles of teachers and pupils. Increasing the efficiency of digital
pedagogical education requires special attention to the acquisition of digital compe-
tences in the process of professional development of teachers and their lifelong learn-
ing [6; 22; 3; 2].

Digital competence regards the ability to use digital technology effectively and to
function properly in a digital society, which is an essential part of lifelong learning
[20]. Acquiring digital competence refers to the learning to adapt the culture with
strong technological, informational and communicative elements.

The problem of distinguishing the maim competences in digital education and
teacher professional training is relevant and important today. The research [18] focus-
es is on the approaches to the development of digital competences in educational con-
texts. The author analyzes international studies over the past 10 years from the point
of view of politics, organizational infrastructure, strategic leadership, as well as of
lectures and their practices.

Hall R., Atkins, L. and Fraser, J. [10] reviewed a variety of four-level digital com-
petency structures that determine critical digital interest in achievement progress from
the basic requirements to the demonstration of expert, transformational skills, practice
and knowledge.

The levels of digital competence, specified in the DigEuL.it project [14], changed
from the digital competency, general skills and approaches to the digital use and pro-
fessional application of these skills.

Competency approach is becoming a standard of pedagogical innovations [5] and a
major factor in the reformation of education system [11; 12].

In recent years, pedagogical aspects of the digital competence have been discussed
[7; 27; 13]. From J. [7] confirms that the pedagogical aspects of digital competence

205



should be considered not only at the level of teachers’ competence, but also at the
administrative level of school organization.

Ottestad, G., Kelentri¢, M., Gudmundsdottir, G. [15] described the use of ICT for
pedagogical and didactic purposes in Norwegian pedagogical curriculums. In the
context of their research, pedagogical education is of paramount importance for the
development of digitally competent teachers. They offer three main dimensions to
describe the professional competence of teachers: the Generic digital competence, the
Didactic digital competence and the Professionally-oriented digital competence.

The strategy of integrating digital competences into the professional teachers’ de-
velopment has been analyzed in the study [19]. The model includes a frame of 7 digi-
tal competences, 78 units of digital competences divided into three levels of compe-
tence development: the Basic Knowledge, the Knowledge Deepening and the
Knowledge Generation.

Temte C., Karstein, A., Olsen, D. [24] have revealed that the development of pro-
fessional digital competences in the whole world is poorly developed at the level of
pedagogical curriculum management and there is no complex approach to the devel-
opment of such competencies in most of the curriculum programs. In addition, they
noted that the academic strategies of pedagogical educational institutions on this topic
are not efficient enough and that the teaching staff’ experience varies greatly. Encour-
aging the professional digital competency of students and teachers in many pedagogi-
cal curriculum programs depends on enthusiasts among teachers.

In their studies, Gudmundsdottir, G., Loftsgarden, M., Ottestad, G. [8] stated that
only a few graduates — qualified teachers were satisfied with their knowledge and
skills gained at the university for work in a class equipped with digital instruments. At
the same time, teacher practitioners were interested in further development and deep-
ening of their digital competence, even if the schools in which they work do not set
clear requirements about the use of digital technologies for teaching and learning.

There are relatively few examples when a pedagogical institution clearly describes
how digital competence may be related to what a good teacher should be, or what
digital competencies will be formed in the process of teacher training and their life-
long learning. Authors [24; 25] also note that there is the need to improve collabora-
tion between schools and pedagogical universities in order to develop approaches to
supporting teachers’ digital competences.

Digital competences continue to be a problem for pedagogical practice and educa-
tional innovation, as well as the integration of digital technologies into the learning
process. Our main attention in this research is focused on the need to develop ap-
proaches to developing the digital competence of teachers in their professional quali-
fication improvement and lifelong learning.
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3 The Presentation of Main Results

3.1  Methodology for identifying the teachers’ needs in digital competences
acquisition in the context of their professional development

During the research, we have used a set of research methods, namely: theoretical —
analysis of scientific and educational-methodical literature, official documents of the
European Union and the Ministry of Education and Science of Ukraine in order to to
determine the theoretical fundamentals of the problem acquisition; empirical — obser-
vation to identify the teachers’ needs in the digital competences in the process of their
professional development and lifelong learning; development of the approaches to the
development of teachers’ digital competences in the process of their lifelong learning;
statistical methods of mathematical processing of scientific data for the research re-
sults analysis and interpretation.
The conducted research is comprised of the following stages:

1. Review of the documents to reflect the contemporary understanding of the teach-
ers’ digital competences needed in the digital society and the education system.

2. Analysis of the digital technologies impact on teachers’ professional development,
role and functions in order to identify their needs for digital competency training in
the context of professional development.

3. Creating the questionnaire for assessing the teachers’ needs in digital competence
training and advanced training in this field. The research strategy from the begin-
ning involved the use of online survey.

4, Statistical processing of results and summing up.

5. Development of the approaches in order to the develop teachers’ digital compe-
tences in the process of their lifelong learning.

At the end of 2017, the preparatory phase of the study, consisting of series of inter-
views with experts on the digital competences integration into teachers’ professional
development and lifelong learning, took place. The preparatory phase laid the founda-
tion for a clearer statement of goals and objectives, clarification of the methodology,
contributed to the formulation of research hypotheses and to the development of re-
search tools.

The data collection phase has been conducted through the online survey. To collect
data for the study, the questionnaire with four sections was used and it contained 14
questions reflecting the objectives of this study. The survey lasted from February 20
to May 5, 2018. The time of work with the questionnaire was expected approximately
on 20 minutes.

258 respondents were involved through various informational channels on anony-
mous and free-of-charge basis. The target audience of the experiment was represented
by rural teachers (n = 127) working at schools of Ternopil region and teachers of the
city of Ternopil (n = 131).

The results of the experiment have showed that 75% of teachers are women, and
the rest are men. Most respondents were between the age of 28 and 58. Regarding the
professional profile of the respondents, the experiment has revealed that 70% of the
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respondents had ten or more years of pedagogical experience, 30% — less than 10
years.

The study revealed that there is a link between some of the demographic character-
istics of respondents (age and place of residence) and their need for digital compe-
tence in the context of their professional development.

The research has also ascertained that there is a significant link between all re-
spondents’ professional characteristics in particular with the subject they teach at
school, their position, their work experience and their need for the digital competence
in the context of their professional development.

In the process of research such theses have been confirmed:

Both rural and urban teachers are generally not satisfied with the existing system of
teacher’ qualifications in the field of digital competence development.

During the advance teachers’ improvement in order to develop digital competenc-
es, traditional trajectories dominate that are often characterized by the limited crea-
tivity and by the lack of innovation practices.

Study has showed that among the challenges affecting teachers’ digital competence
of acquisition in professional development and their lifelong learning, there were the
lack of funds (46%), lack of time (51%), lack of motivation for professional growth
(42%), as well as the problems, associated with the educational sector in Ukraine
(21%), that were significant to them.

The author's strategy of the designing of the approaches in order to develop digital
competences in the process of professional training and teachers’ advanced training is
based on the European Digital Comprehensive Teachers Framework — DigCompEdu
[2; 21]. The digital competency of professional development contains 14 criteria,
which are grouped into 4 groups. The selection of criteria has derived from our expe-
rience of teachers’ training organization in the training center "Educational Innova-
tion" studies in the context of their digital competencies development.

At the preparatory stage, we suggested teachers to evaluate their level of digital
competencies development. The assessment has been carried out in a 5-point scale
based on the proposed criteria (see Table 1).

Table 1. Criteria for assessing the digital competency of professional development

1. Organizational communi- The use of digital technologies for:

cations. OCL1. Access to pupils and parents’ resources and
The use of digital technolo- information

gies for communication be- OC2.Communication with colleagues by means

tween institutions and a teach- of digital technologies

er with stakeholders. OC3. Access to the joint development of commu-

nication strategies of the institution

2. Professional cooperation.  The use of digital technologies for:

Using digital technologies to PC1. Collaborative with other educators to im-

collaborate with other educa- plement educational projects

tion workers, sharing PC2. Sharing resources and experiences with

knowledge and experience. colleagues
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PC3. Collaborative development of educational
resources

PC4. New pedagogical practices and methods
study

3. Reflexive
practice.

The use of digital technologies
for individual and collective
reflection, the active develop-
ment of their own digital peda-
gogical practice.

pedagogical

The use of digital technologies for:

RPP1. Finding of gaps in digital competency
RPP2. Search for educational materials for ad-
vanced professional development

RPP3. Appealing for help to others to improve
their digital pedagogical competence.

4. Professional lifelong de-
velopment
The use of digital technologies

The use of digital technologies for:
LLD1. Planning your own learning
LLD2. Updating their professional subject com-

and resources for advanced petences
professional development. LLD3. Providing opportunities for colleagues
training

LLDA4. Use of online learning opportunities

We have provided five possible options (categories) of answers for each item of
questionnaire: 1 — very low level (initial level), 2 — low level, 3 — medium level, 4 —
sufficient level, 5 — high level (expert level). For further statistical analysis of the
obtained data, we used the modern theory of testing IRT. This theory compared with
the classical theory of testing has such advantages as objective estimates of task pa-
rameters and knowledge level parameters.

For statistical processing of the data obtained, we used the IRTPRO software. The
response categories of 1, 2, 3, 4, 5 were translated into item scores 0, 1, 2, 3, 4 (interi-
or codes of response categories) by this program.

As far as obtained estimates depend on the level of teachers’ digital competence
(6) and on the complexity of the questionnaire questions (), we used the assumption
of the unidimensionality of our model. That is, the probability that the participant of
the test with the level of preparedness (&) executes the task of difficulty (0) is calcu-
lated by the formula

PO —96) = I ey

+ ef-8

The probability of success depends, in essence, only on one parameter - the differ-
ence & — &. The level of preparedness 6 and the complexity of the task & are meas-
ured in logits and are plotted on the same scale.

3.2 Statistical and mathematical analysis of research data

First, we have checked the questionnaire (test) for internal consistency. To do this, for
all 14 questions, the coefficient alpha Cronbach have been calculated. It was accepta-
ble (¢=0.8604).
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Local independency. One of the assumption of unidimensional IRT models is that
of local independency (LI) or conditional independence. LI is the assumption that is
the only that influences on an individual’s item response is that of the latent trait vari-
able that is measured and that no other factors (e.g., other items on the measuring
scale or another latent trait variable) is influencing individual item responses. Local
dependency can occur for numerous reasons such as when the wording of two or
more items consist of the synonyms used across items that teachers can’t differentiate
between items, but only by selecting the same response category across items.

To assess the tenability of local independency, the standardized LD »” statistic for
each item pair has been examined. LD statistics greater than |10| are considered large
and reflecting likely LD issues or residual variance that is not accounted for by the
unidimensional IRT model. LD statistics between |5] and |10| are considered moderate
and questionable LD, and LD statistics less than |5| are considered small and inconse-
quential.

LD statistics for 14-item five-category scale are summarized in Table 2.

Table 2. Standardized LD y? Statistics

Item Label 1 2 3 4 5 6 7 8 9 10 11 12 13

1 OC1

2 0oC2 2.0

3 0OC3 0.1 038

4 PC1 0.1 -0.7 0.9

5 PC2 40 -10 02 08

6 PC3 53 -08 25 02 35

7 PC4 -06 06 02 14 01 32

8 RPP1 40 06 45 03 11 10 18

9 RPP2 21 -01 07 07 04 39 30 18

10 RPP3 1.7 30 27 12 04 04 33 21 -04

11 LLD1 32 11 18 -05 72 15 20 16 15 02

12 LLb2z -03 -0.7 -09 25 0.7 03 -01 11 17 02 0.1
13 LLb3 -05 33 -06 13 -02 23 11 06 05 43 04 -01

14 LLD4 06 03 10 02 29 -16 02 21 04 -03 16 08 28

Overall, LD statistics for the model corresponds to the 14-item five-category scale
and shows that most LD statistics are relatively small. Based on these results, the
assumption of local independency is tenable.

Unidimensional IRT models have the assumption, known as functional form,
which states that the observed or empirical data follow the function specified by the
IRT model. In the context of the IRT model, functional form implies that all threshold
parameters are ordered and that there is a common slope within each item, although
not necessarily across items. Essentially, the comparison has been made between the
empirical data and those that were predicted by the IRT model.

In addition to assessing model-data correspondence, it is important to check if each
item refers to the category system and operates as expected. To assess whether cate-
gories usage corresponds as expected (or not) to the IRT model (14-item five-
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category scale), ORF (option response function) plots of each item have been inspect-
ed.

Software has been used to generate the ORF plots for all items, IRTPRO has an
easily accessible feature of this once. Figure 1 [15] provides ORF plots for all items,
which is typical for the IRT model.

As it can be seen, the predicted ORF plots shows that all items deport themselves
as a five-category item, with a category score of 0 (very low level) and is less likely to
be selected than any other category for almost the entire competencies continuum
(i.e., between =3 and 3).

Assessing IRT Model-Data Fit. To assess the correspondence of the model to each
item, a S-x* item-fit statistic for polytomous data has been examined. This item-fit
statistic is provided by default in IRTPRO. For each item, S-y* assesses the degree of
similarity between the model-predicted and the empirical (observed) response fre-
quencies by item response category. A statistically significant value indicates if the
model corresponds to the given item.

Table 3. Item-Fit Statistics (S- y  Item Level Diagnostic Statistics) for 14-Item Five-Category Scale.

Item Label S- ¥ d.f. Probability
1 oC1 52.98 45 0.1931
2 oc2 59.02 49 0.1544
3 oc3 62.28 57 0.2932
4 PC1 113.15 68 0.0005
5 PC2 49.58 45 0.2951
6 PC3 56.72 45 0.1128
7 PC4 105.00 71 0.0054
8 RPP1 90.15 63 0.0140
9 RPP2 56.31 57 0.5019
10 RPP3 60.49 59 0.4228
11 LLD1 51.80 51 0.4436
12 LLD2 78.37 60 0.0557
13 LLD3 79.52 64 0.0912
14 LLD4 91.73 67 0.0241

Given, that the length of the scale is short, the statistics have been calculated at the
1% significance level. The items fit S-¢? statistics (see Table 3) and indicate the satis-
factory correspondence except only 1 of the 14 items (p < 0.01 for Item 4 (PC1)).
Since the correspondence of the model to this item is not acceptable, then the Item 4
has been removed, and the IRT items calibration has been performed again, and tests
of item level correspondence have proved (see Table 4).

Table 4. Final Item-Fit Statistics (S- % Item Level Diagnostic Statistics) for 13-Item Five-Category Scale.

Item Label S-y d.f. Probability
1 oC1 58.76 44 0.0673
2 0C2 58.82 44 0.0666
3 0C3 63.68 53 0.1493
4 PC2 92.06 70 0.0397
5 PC3 50.40 46 0.3028
6 PC4 51.25 43 0.1812
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7 RPP1 92.60 67 0.0209

8 RPP2 99.31 64 0.0031
9 RPP3 48.39 50 0.5390
10 LLD1 55.26 59 0.6148
11 LLD2 53.19 52 0.4294
12 LLD3 61.37 60 0.4277
13 LLD4 67.20 58 0.1908

In this study, to analyze model-data correspondence respectively Granded and
GPCredit models have been used and -2 LogLikelihood (-2LL) values have been
gained for each model. -2LL values for each model are shown in Table 5.

Table 5. -2 Loglikelihood values for inter models

Granded GPCredit
-2 Log Likelihood: 7782.93 -2 Log Likelihood: 7841.94

To determine which model is appropriate for our data structure, the difference be-
tween -2LL values have been analyzed if it is over than the desired value looking up
at the y2 table. As there are 13 items in the test (after calibration), p=0.01 desired
value for 2 is 27.69. As it can be seen in Table 5 for the GPCredit and the Granded
models, the difference between -2LL values is 59.01. As the gained value is over than
the intended value, it has been determined that the Granded model is more appropriate
for our data structure than the GPCredit model.

Evaluating and Interpreting Results. Given that the model assumptions are tena-
ble, the description of the item properties, including the amount of information avail-
able, now we can apply for each item, subset of items, or the entire scale. The ITR
model item parameter estimates for the 13-items scale are provided in Table 6.

Table 6. Graded Model Item Parameter Estimates, logit: a (9 - b)

Item Label a S.e. b, se. b, se by se b, se
1 OC1 2.82 032 -092 0.13 0.31 0.09 1.33 0.12 241 0.22
2 0C2 2.22 025 -101 0.14 053 0.10 153 0.14 295 0.33
3 0C3 2.23 024 -094 0.14 0.18 0.10 1.15 0.12 229 0.22
4 PC1 1.01 015 -0.73 0.19 0.92 0.18 2.20 0.32 3.88 0.60
5 PC2 2.67 029 -116 0.14 0.13 0.09 1.33 0.12 2.65 0.26
6 PC3 155 020 -049 0.14 1.21 0.5 251 0.28 4.33 0.76
7 PC4 1.25 0.16 -237 0.32 -0.750.16 0.77 0.14 2.09 0.26
8 RPP1 1.72 0.20 -1.06 0.16 0.13 0.11 1.24 0.14 234 0.24
9 RPP2 1.75 0.22 -0.78 0.15 0.66 0.11 1.59 0.16 3.33 0.43
10 RPP3 146 019 -036 0.13 0.66 0.12 1.95 0.22 3.54 0.49

11 LLD1 2.37 026 -1.23 0.15 0.08 0.10 1.07 0.11 230 0.21

12 LLD2 1.83 021 -0.8 0.14 0.37 0.10 1.23 0.13 242 0.25

13 LLD3 1.23 0.18 -0.34 0.15 1.14 0.17 2.15 0.28 4.21 0.67
Parameter a is the slope; by, by, bs, b, present the ability to value at the thresholds
between the response-option categories for the item. Each threshold reflects the level
of generally perceived selfefficacy needed to have equal 0.50 probability by choosing
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the corresponding above the given threshold. In our study there are 5 graded catego-
ries or response options, thus there are 4 b values. b, is the threshold for the trace line
describing the probability of chosen category 2, 3, 4, or 5. b, is the threshold for the
trace line describing the probability of chosen category 3, 4, or 5. bs is the threshold
for the trace line describing the probability of chosen category 4 or 5. b, is the thresh-
old for the trace line describing the probability of chosen category 5. For example, to
determine the probability that someone will choose category 2, we subtract the proba-
bility dictated by the trace line defined by b, from that dictated by the trace line de-
fined by b;.

The slope estimates the range from 1.01 (Item 4) to 2.82 (Item 1). In general, all
items have a two level relationship with general teachers’ digital competency (first
level slope values — from 1.01 to 1.83 and the second level — from 2.22 to 2.82). But
the large level of slopes for Items 1-3, 5, 11 indicates that they have the strongest
relationship with the latent trait and measure general digital competency more pre-
cisely than other items.

Threshold parameters for the Granded model correspond to the 13-item of five-
category scale ranged from —2.37 (Item 7) to —0.34 (Item 13) for by, from —0.75 (ltem
7) to 1.21 (Item 6) for b,, from 1.07 (Item 11) to 2.51 (Item 6) for bg, from 2.09 (Item
7) to 4.21 (Item 13) for b,. The majority of by, b,, bs and b, thresholds for the items
are around general digital competency level of —0.94, 0.43, 1.54, 2.98, respectively.
The range of average values of the thresholds is wide enough and they differ by more
than 1. This information implies that the used scale is the most useful in distinguish-
ing between teachers around these latent trait levels.

Each item has its own item information function (1IF) that is shaped by its slope
and thresholds. I1Fs are used to identify how much empirical information each item
adds to the entire scale and where that information appears along the continuum.

I1Fs are readily available in the IRTPRO once the set of items have been calibrat-
ed.

Figure 2 [8] shows IIFs for 13 items from the five-category scale.

The information function of the ideal test must have one clearly expressed extre-
mum. If the graph of the information function has a smooth, but not clearly expressed
extremum, it suggests a decrease in the effectiveness of the entire test. In the case of
several local extrema, for example, two at 6, and 6, the test needs to be improved. If
the number of items in the test is not big, then you need to add items that have an
intermediate complexity 6; < § < 6, to eliminate the "failures" between adjacent ex-
tremums.

The I1Fs for Items 1, 2, 3, 5 and 8 stands out the most from all other items because
it provides the most amount of information (precision). The maximum values IIFs of
these items are in the range of 1.5 to 2.0. For instance, the IIF for Item 1 (OC1) has
local extrema in four point # = —0.92, § = 0.31, 0 = 1.33, 6 = 2.41, which are the
item’s respective thresholds b, by, bs, bs. The items providing the least amount of
information across the continuum are Items 4 (PC2) and 13 (LLD4) as their slope
values were the lowest relative to all other items on the scale. There are pairs of items
that appear to provide nearly identical information across the continuum because their
respective IIFs are nearly identical, so that suggests that only one of these items may
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be necessary. Such pairs are represented by the pairs of Items 3 and 11, Items 8 and
12.

To understand how the 13-item five-category scale works in the whole, the area
under each IIF can be summed together to create a total information function (TIF).
Each item contributes independently the unique information to the TIF and is not
dependent on other items. This is also another reason why the assumption of LI is
important. The TIF provides useful details about variable scale information on the
trait continuum. Furthermore, the TIF can be used to identify gaps in the continuum.

Useful metric to capture the amount of error around an IRT score is the expected
standard error of estimate (SEE; SEE ~1/\information). The SEE can also be used as
a function to gauge the expected amount of errors along the continuum.

Figure 3 [26] shows graphs for changing the basic data (measured in logits) and the
standard error of measurement.

As it can be seen from Figure 3, with values & from -1.5 to 3.0, the SEE is almost
constant and slightly less than 0.3, but the value of the information function is the
range from 13 to 15 (approximately constantly). Then the estimated marginal reliabil-
ity for this range is 1-0.32? = 0.91. The Marginal Reliability for Corresponding Pat-
tern Scores provided by the IRTPRO is 0.92. This means that for latent values greater
than -1.5 the values of the indicator variables are the most reliable. However, outside
this range of —1.5 to 3.0 marginal reliability decreases and the SEE increases. Thus, if
a more precise GSE scale was desired within this range or across more of the continu-
um, then more items are need to be added to the scale to meet the desired information
or level of expected SEE.

To summarize, the 13-item five-category scale provides precise estimates of the
scores (information = 14, marginal reliability = 0.92, expected SEE = 0.3) for a broad
range of the continuum, —1.5 to 3.0. The maximum amount of information (precision)
is approximately 15 around latent trait estimates 1.3. However, precision and ex-
pected SEEs around score estimates worsen outside of this range. To improve score
estimates beyond this range it is need to write additional items that have thresholds
below —1.5.

According to the IRT analysis, the following conclusions can be drawn:

1. Analyzing the characteristic functions (see Figure 1) of the questionnaire ques-
tions, it is possible to note that the probability of choosing the response of category
0 (very low level (initial level) for all 14 distractors (OC1, OC2, OC3, PC1, PC2,
PC3, PC4, RPP1, RPP2, RPP3, LLD1, LLD2, LLD3, LLD4) with 6= -3 is within
the approximate range from 0.75 to 1.0 (fairly high limits). This means that a small
number of teachers assesses their level of digital competency according to all dis-
tractors at the initial level, which is a very positive factor at the present time. The
higher the level of the teachers’ digital competences, the smaller is the probability
to choose from the category O a response, which is completely natural. For most
distractors, the probability of choosing from the category 0 response falls to zero
for teachers with an average level of competencies (&= 0), the exception is for the
PC1, PC3, RPP3, LLD3, LLD4 distractors, for which the probability of choosing a
category response from 0 equals to &= -3 . This means that the competencies that
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correspond to these distractors are not yet well formed even among teachers with
an average level of general digital competence.

. The probability to choose a response from the category 4 (high level (expert lev-
el)) for all 14 distractors with @ = 3 is within the approximate range from 0.2 to
0.8. This means that teachers who generally have a high level of overall digital
competence (or believe that it is of such a level), in the context of exact distractors,
have a very miscellaneous level of preparedness. The attention should be paid to
the development of competencies that correspond to distractors for which the cor-
responding probability is less than 0.5. These are PC1, PC3, RPP2, RPP3, LLD3,
LLDA.

. If the graphs of characteristic functions for categories 1, 2 and 3 reach their maxi-
mum somewhere in the middle of the scale from -3 to 3, then this is normal from
the point of view of the IRT analysis. But as our study has revealed that the curve 3
for individual distractors (PC1, PC3, RPP2, RPP3, LLD3, LLDA4) reaches its max-
imum at the right end of the scale for 6. This means that teachers who are consid-
ered to having the high level of general digital competence, in fact, the level of
their competence that corresponds to the specified distractors is not sufficient.

. The particular concern is caused by the competences with responses from the cate-
gories 1, 2 and 3 have a less probability than 0.5 and when the maxima of these
probabilities are shifted to the right. These are the competences: PC1, RPP1, RPP2,
RPP3, LLD2, LLD3. The displacement of the maximum of probabilities, shifted to
the right, means that teachers who are considered to have an average level of com-
petences, in general, have an inadequate level of preparedness of these competen-
cies.

. From the above mentioned, the level that correspond to the OC1, OC2, OC3, PC2
and LLD1 distractors considered to be satisfactory from the point of probabilistic
statistical analysis.

. When analyzing S- x? Item Level Diagnostic Statistics, we came to the conclusion
that the PC1 item should be removed from the questionnaire (see Table 3 and Ta-
ble 4). Indeed, if we analyze Table 1 at the content level, the attention can be
drawn to the fact that the PC1 and PC3 distractors concern in fact to one compe-
tence, which is realized in different activity directions.

. The analysis of the information functions of the questionnaire (see Figure 2) shows
that items PC2, RPP1 and LLD4 were not informative enough in the general con-
text of digital competencies evaluation. In order to do the repeated research on
general digital competence after the practical implementation of the strategy for its
formation or individual stages of this strategy, these distractors should be correct-
ed.

. From the graph of the general information function (see Figure 3) it is clear that the
IRT analysis gives the sufficiently complete information about the general digital
competency of the teachers. Only in cases of very low competence or close to it the
value of the general information function is low and according to it, the standard
error of estimation (SEE) is high. This indicates the fairly good selection of distrac-
tors for this study.
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3.3 Development of approaches to the development of digital competences of
teachers in the process of their lifelong learning at Ternopil Volodymyr
Hnatiuk National Pedagogical University

From the study, it follows that teachers with different levels of digital competency of
professional development do not have well-formed competencies such as: working
with other educators to implement educational projects, joint development of educa-
tional resources, appeal to others to improve their digital pedagogical competence,
provision learning opportunities for colleagues, the use of online learning opportuni-
ties.

Proceeding from this, approaches to the development of digital competencies in the
process of improving of teachers' qualification at the training center "Educational
Innovation™ of Ternopil Volodymyr Hnatiuk National Pedagogical University were
developed. They are based on a model for teaching teachers throughout their lives
based on the development of digital competencies [1].

Proposed approaches to the professional development of digital competences of
teachers in the process of their lifelong learning include groups of criteria for the
planning and development of organizational communications, engagement and pro-
fessional co-operation, assessment and reflexive pedagogical practice, sustainability,
and professional development throughout life.

In the process of planning and developing organizational communications, atten-
tion is paid to both the contemporary national and world context and the individual
experience of developing digital competences of teachers in the process of their pro-
fessional development and lifelong learning, namely:

— combining a subject of the learning with context in which teachers work at the
level of school, community, region;

— correlations of qualification improving on the development of digital competences
of teachers in the process of their professional development and lifelong learning
with standards, programs and goals at the school, community, region, and state
levels;

— the use of digital technologies for communication of institution and teacher with
other teachers and pupils.

The group of criteria for "engagement and professional co-operation" envisages an
active role for teachers in professional co-operation, community building and motiva-
tion to share their pedagogical experience:

— collaboration with other educators for the implementation of educational projects;

— joint development of educational resources;

— supporting professional co-operation, providing learning opportunities of the learn-
ing for colleagues;

— the creation and development of professional communities with horizontal links to
ensure mutual learning and discussion of new ideas;

— appealing for help to others to improve their digital pedagogical competence;
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— searching study materials for continuing professional development, using online
learning opportunities.

In the group of criteria "evaluation and reflective pedagogical practice” the emphasis
is on formal assessment, qualitative feedback and constant reflection:

— demonstration of the service's compliance with the stated objectives and learning
outcomes;

— the use of digital technologies for individual and collective reflexive pedagogical
practice;

— feedback opportunities for those who take part in the improving of qualifications;

— discussion of specific features related to the received knowledge, materials or skills
that will be demonstrated by a successful transition to the implementation of pro-
fessional activities;

— adding participants to the assessment of their knowledge and skills.

The group of criteria for "sustainability and professional lifelong development™ pro-
vides post-support, facilitates better motivation of educators for lifelong learning and
helps in building an individualized trajectory of professional growth in the field of
digital technologies, namely:

— detailing of further steps after training that teachers need to apply in a new envi-
ronment;

— proposals for continuing education through information and technical post-support;

— provision of training opportunities for colleagues;

— use of online learning opportunities (massive open online courses, webinars, etc.).;

— advising on the implementation of educational innovations.

These approaches are already being implemented in practice in the process of qualifi-
cation improving of teachers and their lifelong learning at the international education-
al training center of Ternopil Volodymyr Hnatiuk National Pedagogical University.

4 Conclusions

To develop approaches to assessing the professional development of digital compe-
tences of teachers during their lifelong learning, levels of their formation were deter-
mined, as well as relevant criteria and indicators.

The results were processed based on the theory of modeling and parametrization of
tests IRT. We can state the appropriateness of choosing the standardized statistics LD
% and statistics M, presented in IRTPRO.

On the basis of the conducted research, the approaches to the professional devel-
opment of digital competence of teachers in the process of their lifelong learning are
proposed, which include the following groups of criteria: planning and development
of organizational communications, engagement and professional cooperation, assess-
ment and reflective pedagogical practice, sustainability and professional development
throughout life.
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Among the main vectors of the strategy of professional development of teachers in
the context of the development of digital competencies, it should be noted: the crea-
tion and development of professional communities with horizontal links to ensure
mutual learning and discussion of new ideas; the use of digital technologies and re-
sources in the learning process, modeling of the learning process, oriented on results
and educational projects.
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Abstract. Nowadays ICT are one of main ways to arrange and create effective
tools for organizing the interaction and processing large amount of information.
In our opinion, information of university’s scientific activity should be present-
ed in the rating form, which gives an opportunity to analyze development in dif-
ferent directions and changes.

The key idea of the article is presenting of our experience in developing rat-
ing system for universities based on scientist's scientometric indices.

The system provides open data from different scientometric systems, such as
Google Scholar, Scopus, Web of Science and Semantic Scholar.

The possibility of automatical construction of a rating of scientists, research
groups and organizations (as well as their structural subdivisions) is described.

Keywords: scientific activity, information systems, scientometric systems, bib-
liometric systems, scientometric indicators, automatic ratings.

Introduction

The criteria for evaluating the effectiveness of fundamental scientific research can be
divided into qualitative and quantitative indicators. Today in Ukraine, in the process
of evaluating of the effectiveness of science, scientometric indicators are being used
increasingly both to evaluate the work of an individual scientist, research teams, or-
ganizations and scientific publications. For example, it is necessary to indicate the
number of publications and the number of citations over the past five years, as well as
the Hirsch index in the tender documentation for submitting applications for grants
for research activities, for the passing a competition for teaching positions in an edu-
cational institution, for drawing up reports of the scientific activities of departments
and faculties, for reports on the work of graduate students, for passing accreditation of
specialties, departments, etc.
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And this information must be described for each database, such as Web of Science,
Scopus, Google Scholar.

Scientometric indicators are also used to assess the quality of scientific journals. In
this case, the indicators of the editorial board, and, in fact, published publications and
issues, their openness and accessibility to the scientific community are taken into
account.

Each of the indices has its own criteria for the selection of scientific publications
and the inclusion of publications in the database, its specific calculation of scien-
tometric parameters. If the rules for selecting journals in WoS and Scopus indices are
now the most stringent, then Google Scholar’s system, on the contrary, is the most
extensive system, that collecting all scientific publications on the Internet, including
open access repositories, personal pages of scientists and university electronic librar-
ies. And if we take into account and analyze many other scientometric systems, we
get a whole set of various indicators and only after their general analysis we'll can to
give a correct assessment of scientific activity. Therefore, the problem of building
consolidated ratings is remains relevant.

As shows a practice, the collection and analysis of this kind of information is a
very hard and lengthy process that needs automation and optimization. Previously, the
authors of the article had already considered the requirements for the system of scien-
tific activity indicators of scientific organizations, and also described the basic func-
tionality of the first version of such a system.

This article describes the new features of the system, its current state and the re-
sults of its use in higher education institutions.

1 Related works

A big number of the recently created scientometric services allow assessing the rele-
vance of the research results by a scientist, the number of his publications, citations,
etc. The most outstanding services with rapidly growing impact are Google Scholar,
Scopus, Orcid, Academia.edu, Research Gate, Mendeley, arXiv.org, cs2n, Epernicus,
Myexperiment, Network.nature, Sciencecommunity.

The main interesting information systems that run on the activities of scientists,
scientific groups, publishers, etc..., are:

Bibliometrics of Ukrainian Science [1].

The system “Bibliometrics of Ukrainian Science” is representation of information
of Ukraine scientists’ profiles who provided information about their publication in the
Internet; national component of the project Ranking of Scientists (Cybermetrics Lab).

Scopus. Scopus system is designed to maintain efficient workflow of researchers,
helping them to: find new articles from the area of their specialization; find infor-
mation about the author; analyze the publication activity in the subject area; track
citation; view the h-index; identify the most cited articles and authors; assess the rele-
vance of the study [2,6].

Google Scholar. Google Scholar is freely accessible search system, which indexed
the full text of the scientific publications all formats and discipline [3].
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Web of Science. Web of Science — International established database of Scientific
Citation, it is presented by company Thomson Reuters. In addition to search of scien-
tific publications, Web of Science establishes a reference link between the specific
research using the cited materials and thematic links between articles established rep-
utable researchers working in this field [4].

But all of them can’t to resolve such problems, as

— the absence of a clear mechanism of evaluation of personal contribution of the
scientist in the scientific work of his organization,

— the incomprehension of the construction of university decisions related to scien-
tometric.

In addition, today, the analysis of the scientific indicators of scientists’ group, or-
ganization and its department, is carried out manually. The only option of its partial
automation is rating the organization's profile in Google Scholar.

In addition, this article is a continuation of the previous works of the authors [8-10]
which addressed the issue of openness of scientific activities of Ukrainian scientists,
as well as the construction of an open scientific training system, one of the main ele-
ments of which are the scientometric information processing system.

2 System description

The main task of building our system is the realization of the possibility of automatic
processing of scientometric and bibliometric indicators of scientific organizations on
the basis of analysis of scientific profiles of scientometric databases and systems,
including automatic search and its analysis.

The high-level system architecture is shown in Fig.1.

Ell -
Module of analitics
(in R language)

Web of Science

Web-site

tem databas

ISONE
requests

JSONE

Google Scholar

APT

g:l Semantic Scholar

Tutor Network

Fig. 1. The interaction of key system components
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As you can see in Fig.1, the main components of the system are: Parser, Module of
analytics, JSONE module, system Web-site, databases.

Parser is using for search, receiving and transfer the open information of scien-
tometric indicators of authors and journals provided by Scopus, Web of Science,
Google Scholar, Semantic Scholar and Tutor Network. For interaction with Scopus
and Google Scholar parser uses xpath queries, and API is used for getting information
from Web of Science and Tutor Network.

All data received by parser is stored in the system database. DB of system is dis-
tributed by the data storage. Individual entities of DB are database of scientometric
indicators of researcher and scientific publications.

Information processing is realized by performing a set of predefined SQL queries.

Module of analytics (based in R language) provides an opportunity to get diagrams
present data showing relation between different scientometric indicators, as the value
of h-index in Scopus and the number of papers in Scopus or Google Scholar [11].

Tools and technologies thus were used for developing of the system were described
more detail in previous articles [8, 10].

In the current version of the system we determined next forms of presentation of
the results of analyzes of scientist’s activities indicators (Fig.2):

— profiles of the scientists of the university with generalized information of scien-
tometric indicators for each database, table of scientists articles and their availabil-
ity in the scientometric systems;

— the rating list of all the scientists of organization;

— the rating list of all the scientists of organization’s structural subdivision (faculty or
department);

— the rating list of all scientific journals of organization;

— the general scientometric information about the university.

lonoBHa PentuHr HayKoOMEeTpHUYHI MOKasHMKN
@akynsTeTIE
FHAHUTY Kadenp
® M6 Haykoeuie Google Scholar ID

HypHanis

Fig. 2. Forms of presentation of the results of analyzes of scientists activities indica-
tors

Lets consider the examples of building ratings.

1. Rating of scientists (Fig.3).
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It is possible to display ranking lists of scientists according to data from such
systems as Scopus, Web of Science, Google Scholar, Semantic Scholar, and also
sorted data by the increasing (descending) of such indicators as — number of
publications, citation, h-index.

It should be noted the presence of color indicators of publication activity (dis-
played as a line of a certain color near the hame of the scientist):

— blue — the number of documents is over 10;

— green — the number of documents is in the range of 5 to 10 (inclusive);

— yellow — the number of documents is in the range from 1 to 4 (inclusive);
— red — no documents aren’t included in such database.

Google Scholar Web of Science Semantic Scholar

Show| 10 v entries Search
nes *  Ingekc Xipwa v [oKyMeHTH v UntyBaHHa
€pmonace Baavm AHaTonifnosuy 7 64 217
KoGewls Bitanii Mukonaiosuy 4 30 36
NbBoB Muxaino Ceprifioguy 4 21 M
MecHatetiko Bonognmup Ceprinosuy 3 26 36
bucTpAHLEesa AHacTacia MukonaisHa 3 8 14
MonTepaubkuit Makcum KOpifosuy 3 7 16
CrigakoBCLKMit ONeKCanap BonoaMMUPOBHY 2 27 10
BiHHK Makcui Onexcanaposny 2 10 15
OniHL0B BanenTuH BonoauMuposiy 2 9 18
KywHip Hatania OnexcaxgpisHa 2 8 1

‘Showing 110 10 0f 536 entries - {l 2 3 4 5

Fig. 3. Rating of scientists
Ratings of scientific collectives, organisations and their departments (Fig.4)

PentuHr kacenp

Google Scholar

Show| 10 v |entries Search
Kadpeapa IHgeKe Xipwa v
Kahenpa IHpopMETHRK, NPOTPaMHOT IMKEHEDIT T2 EKOKOMIYHOT KIOE PHETIRIA 7
Kadheapa anreGpw, reoMeTpil Ta MaTEMaTUYHOTO aHanisy 3
Kadhenpa isuku Ta METOANKM 11 HAB4aHHA 2
Kadheapa negaroriky AOWKINEHOT Ta NoYaTkosol OCBITH 1
Kahenpa IHCTPYMEHTANEHOTD BHKOHABCTEA 0
Kachenpa icTopii Ta Teopii HALOHANBHOTO | MiXHAPOAHOTO Npasa 0
Kachenpa icTopii, apxeonoril Ta METOaMKM BUKNafaHHA 0

Fig. 4. Example of the rating of the department
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Also, like as in the previous version, in this version of the system is the opportuni-
ties to present data by such categories as students, assistants, teachers, professors, and
etc. (Fig.5).

PelTvHr HaykosLiB

BigoGpaxath:| Buknagad -

Bei

Scopus ACUCTEHT icience Semantic Scholar

Buknagay
Show |10 | OoueHT
Mpodecop
nie

CTapmit BUKknagad

Fig. 5. Choosing of the rating type

Personal page of the scientist provides the following information:

— author’s general information (full name, name of the institution, faculty and de-
partment);

— information of author’s scientometric indicators for Scopus, Google Scholar, Web
of Science and Semantic Scholar (for each separately), such as numbers of articles,
citation, h-index;

— special diagrams that represents the dynamics of the growth of scientist’s number
of documents, h-index and citation index for each of the scientometric systems

(Fig.6);

20

6 KBiTHA 2018 p. 23 uepsHa 2018 p.

Fig. 6. A diagram displays the growth of author’s scientometric indices

Gray columns — the number of documents.

Blue line indicates the value of the h-index.

Yellow line indicates the value of citation index.

Under each column, the date of the verification of scientometric indices is indicat-
ed.

— scientist’s ORCID ID;
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— the list of scientist’s articles with marks that show their availability in the scien-
tometric systems (Fig.7).
— the diagram of scientists coauthors (Fig.8)

CrartTi
Show |25 v |entries Search:
Baronoeok Scopus Google Scholar Web of Science Semantic
Scholar
What can economic experimenis discover about evolutionary ¢ +
Web of Science +
Using an evolutionary algorithm to improve investment strateg + +
TARIFF POLICY OF TRANSPORT COMPANY-MONOPOLIST .
PRCDUCERS TO n MARKETS
Simulation agent-based model of heterogeneous firms througt + + +
Nonlinear Dynamic model of a microeconomic system with dif . .
Stability and bifurcations
Neuro-fuzzy model of development forecasting and effective a + +
Fig. 7. The list of scientist’s articles
KoBeus Bimanit Mukonadosuy (1) Qcunoea Hamanis Bonodumupiska (1)
Binnuk Maxctpm Omexcandposuy
Bankko Hamanis BanepiiaHa (1) . Manmopauskull Maxcum FKopitiosuy (2)

Crissxoscsxul Qnexcandp Bono... (4) CamyuHcoxa Fpocnasa Bopuciexa (3)

Fig. 8. The diagram of scientists coauthors

As you can see in Fig.8, the line that connects the scientist with his coauthor has a
certain color:

Blue — if scientists have only one general article,

Green — if the number of such articles are from two to five,

Violet — if more than 5 publications was written in co-authorship.

The number of general publications is indicated in brackets after the co-author's
name.Also we can build the semantic network of partners of organization (Fig. 9):
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University of Huddersfield

Zaporozhye National Universi..
Taras Shevchenko National Un

Kherson State Universify
V. M.Glushkov Institute of Cy .

Lviv Polytechnic National Un.

V. N Karazin Kharkiv Nation -

Alpen-Adria-Universitat Klag

Fig. 9. Example of semantic network of partner universities of Kherson State University

Conclusions

Today we have developed and implemented new version of information system of
scientific activity indicators of scientific organizations. The main capabilities of it are:

— automatic work with scientometric databases (algorithm of automatically search
for links to profiles of Ukrainian scientists, algorithm of automatic distribution pro-
files of scientists on the name of the organization in which they work);

— automatic analyze of getting information;

— automatic generation of ratings of scientific organizations, their departments, sci-
entists, scientific journals, etc;

— ability to send messages to e-mail scientists about changes of academic indexes.

Experience of using of such system show that we have a new opportunities for
work with scientometric data, for they collection and analyzes. The graphical and
table representation of statistical data makes the process of perception of information
easier.

Data source of the system is open information, provided by such scientometric sys-
tems as Scopus, Google Scholar, Web of Science, Semantic Scholar and Tutor Net-
work.

Today this system was implemented and tested on the base of Kherson State Uni-
versity and Kherson State Maritime Academy.

It's using to build a consolidated rating of scientists and structural units of these
universities.

The next steps of the study is the development of Multilanguage system, analyses
and improvement of the systems module that building the rating of scientific journals.
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Abstract. Media and information literacy is an essential skill in the Digital
Age. Indeed, the lack of knowledge and skills in media literacy is one of the
reasons people are unable to analyse and evaluate information, thus creating a
fertile breeding ground for unfair use of the World Wide Web. These days,
people use information technologies to develop necessary insights and mindsets
in order to appreciate adequately the overwhelming amount of information. Our
purpose-designed Media and Information Literacy course lies at the core of
freedom of expression and information. Prioritized information technologies
empower learners to understand the functions of online resources, to critically
assess their content, and to make decisions as users and producers of infor-
mation and media content. The benefits from these technologies are obvious.
They are extremely affordable, and the devices to implement them are always at
hand.

This paper is in response to a call for input to a study of media and information
literacy at the State University of Telecommunication (Kyiv, Ukraine). It covers
the issues of applying information technologies to study media literacy. The ef-
fective implementation of the course is based on the author’s unique approach,
which includes the active use of a “media-creator” computer game, fact-
checking methods, and special software. The media and information literacy
course is regarded as a set of steps, as manifest in the paper. The obtained re-
sults demonstrate that having attended an array of classes, having learnt theory,
and having fulfilled practical tasks, students become more informed, sensitive,
and aware of the information they receive on the Internet.

Keywords: Information technology, Technical device, Online resource, Media
literacy skills, Fact checking.

1 Introduction

Information technology has become a vital and integral part of daily life. The rapid
process of informatization has saturated all spheres of our life, including education. It
should be noted that new technologies include useful tools. As one would expect, they
create favourable conditions for learning, since the classroom does not require special
or complex equipment.
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The huge amount of information that | get via the Internet makes the issue of me-
dia and information literacy relevant to our modern digital society, where the creation,
distribution, use, integration, and manipulation of information is a key economic,
political, and cultural activity. A large amount of information is one of the reasons
leading to a superficial perception of information. In turn, this great amount results in
many users’ inability to distinguish true facts from manipulations and subjective
judgments. According to UNESCO’s international experts, the lack of knowledge and
skills to analyse information make up a hidden threat to security and stability in socie-
ty [1].

In February 2018, Kyiv International Institute conducted a sociological survey that
captured the views of 2,043 Ukrainian residents. The survey contained certain ques-
tions on media literacy, which had the following results: About 52% of respondents
did not verify the information they get from the media; however, 53% of those polled
were sure that in most cases they were able to distinguish fakes from actual facts.
Among the key identification credentials, respondents named media credibility and
the author of the message [2].

The sociological data proves that respondents have a low level of knowledge of
media literacy issues and a lack of practical, information-verifying skills.

The lack of media and information literacy creates a fertile breeding ground for un-
fair use of the web, including the distribution of false or manipulative content. How-
ever, the same online technologies can assist in developing the necessary skills for
conscious perception and processing of online messages. Therefore, the main objec-
tive of our course is to teach students actionable ways they can verify information’s
accuracy, applying information technologies.

UNESCO defines media and information literacy as “a composite set of
knowledge, skills, attitudes, competencies and practices that allow one to effectively
access, analyse, critically evaluate, interpret, use, create and disseminate information
and media products with the use of existing means and tools on a creative, legal, and
ethical basis”. It is an integral part of “21st century skills” or “transversal competen-
cies” [3].

Computer-mediated communication includes social networks, blogs, online news-
papers, and so on. They produce a huge number of messages whose truth or falsehood
is difficult to grasp without particular skills. Therefore, knowledge and orientation
skills in the information space are exceptionally urgent at the present time. Addition-
ally, such skills are extraordinarily valuable during war time, crises, or other resonant
events, since the ability to think critically reduces one’s risks of being manipulated in
society.

In this study, I focus on the use of technical devices, as this is the most accessible
way to analyse and verify Internet information that does not require additional equip-
ment. Portable devices are an integral part of most people’s routine, as personal de-
vices and gadgets serve to perform crucial informative and communicative functions.
Moreover, modern technical devices make education and learning possible anywhere
and at any time.

The skill of correctly using online resources, including understanding the structure
of creating media messages, enables to take conscious advantage of modern infor-
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mation and communication resources and not to become a victim of manipulation,
misinformation, or social engineering. Therefore, our goal is to teach students to use
information sources and means of communication responsibly and consciously, to
prepare them for new conditions in their future work, to teach them to apply the capa-
bilities of information technologies, to develop the skill of quick information analysis
and verification, and to avoid manipulative people who have mastered the art of de-
ception on the web.

2 Previous Studies

The question of the conscious use of online information has become extremely urgent
in the 21st century, since manipulations and distorted facts have caused a wide range
of national conflicts and confrontations. For example, according to Freedom House
report, online manipulation and disinformation have been used in at least 18 countries
during elections in recent years [4]. In her report, Viviane Reding, the EU Information
Society and Media Commissioner, laid stress on the statement that people need a
greater awareness of how to express themselves effectively, and how to interpret what
others are saying, especially on blogs, via search engines, or in advertising [5].

Jesus Lau expressed a thought that information processing skills in the informative
and communicative sphere increase the level of critical thinking, develop media liter-
acy, and contribute to understanding the structure of information and communication
processes in the modern world [6].

Issues related to the study of media and information literacy are viewed through
the development of critical thinking (A.Dorr [7], L.Masterman, [8], R.Paul, L. Elder
[9], B.Parry, J.Potter, C.Bazalgette [10], K. Tyner [11], C.Worsnop [12]); understand-
ing the structure of the media (D. Frau-Meigs [13], D.Buckingham [14], A.Hart [15],
Y.Krylova-Grek [16]); and media psychology (D.Giles [17], P.Rutledge [18],
H.Asrafi-rizi, Z.Gh.Khorasgani, F.Zarmehr, J.Pefia [19], L.Naydenova [20]).

At present, a variety of media literacy courses are being developed all over the
world. Each of them has its own peculiarities and modifications, based on the intend-
ed age group and on the teaching methods.

For instance, Prof. Divina Frau-Meigs, one of the leaders of the movement in mod-
ern media education, has discussed the special importance of education in the infor-
mation and communicative sciences. She emphasized the fact that disinformation and
the lack of elementary analytical skills can become the cause of misunderstandings
and conflicts. Her media literacy course MOOC DIY EMI is based on this approach,
and it includes role playing to evaluate the work of the media from a professional
point of view. When scrutinizing a certain media product, group members are divided
into researchers, analysts, and content creators [13].

In the run up to the 2019 Ukrainian presidential election, International Research &
Exchanges Board (IREX) designed a special, one-time media literacy project aimed at
developing orientation skills for use with pre-election information [21]. Project «Me-
dia literacy program for citizens» was implemented with support of the Department of
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Foreign Affairs, Trade and Development (DFATD Canada) together with the
Acadamy of Ukrainian press, IREX and StopFake [22].

The recommendations do not include the practical use of information technologies;
however, | strongly believe that the skill of checking information quickly using mod-
ern tools is an important component of media and information literacy.

The integration of technical devices into the learning process results in not only in-
creasing its effectiveness but also made possible the implementation of alternative
forms of study, such as Blended Learning, E-Learning, and Online Learning.

The study of the implementation of mobile internet devices was covered in the
works of Ng. Wan, H. Nicholas, S. Loke, & T. Torabi [23-24], J. Herrington, N.
Ostashewski [25], J. Traxler [26], A. K. Katrina [27], L. Kolb [28], J. Keengwe [29].
The researchers also consider the use of technical devices in online education and
Blended education A. Kitchenham [30], D. Parsons [31-32], L. Chao [33].

D. Parsons thinks that utilizing available digital resources significantly enhance
students’ learning experiences. In his works, he showed the benefits of technological
tools in contemporary classrooms. According to his point of view, the use of technical
devices in blended learning leads to improved learning outcomes [31].

Talking about the positive side of Ng. Wan emphasized that ubiquitous learning is
able to situate the learner in both the real and virtual world, regardless of time and
place, where questions encounter. The student can immediately find the answer by
accessing and conducting research on the Internet [23].

According to A. Kitchenham, mobile learning (m-learning) can take place in any
environment using technologies that fit in the palm of the hand or can be easily car-
ried from one place to another. He said about the advantages of implementing m-
learning into blended learning practices [30].

As can be seen from the above, the effectiveness of using technical devices in the
learning process is proven by numerous research. That is why we think that the inte-
gration of mobile internet devices will improve the effectiveness of media literacy
education.

According to UNESCO’s definition, “media education is associated with all types
of media (print, graphic, sound, screen and other formats) and various technologies. It
helps people to understand how mass communications are exploited in their societies,
to master skills of using media in communication with other people”, etc. [34].

Media literacy has also been popularized through online distance media literacy
courses on learning platforms like Prometheus, WOMO, etc. However, such methods
have a number of disadvantages associated with a volitional sphere. For example,
learning a course requires stronger organizational skills and more self-discipline.
Therefore, | insist on using direct contact with the audience to improve work efficien-

cy.

3 Research Data

After analysing the existing media literacy courses, | noted that their common feature
is the use of theoretical and creative tasks aimed at developing critical thinking. How-
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ever, most do not consider the issues related to the use of technical devices for quick
information analysis and processing for media literacy education.

The development of quick information processing skill is a primary goal in today's
society, when the news feed is constantly being updated, multiply times per day.
Therefore, | formulated the following hypotheses: The use of technical means in-
creases the effectiveness of media and information literacy training, develops skills of
rapid information analysis, and promotes the use of critical thinking while reading
media content.

Our study is aimed at confirming the hypotheses put forward and at manifesting
the role of modern information technology for the development of media and infor-
mation literacy skills that can be used by students in any place and at any time.

The benefits of these technologies are obvious. They are extremely affordable, and
the devices to implement them are always at hand. | distinguished technical devices
according to 1) The personal Mobile Internet Devices or Internet gadgets, such as
Pocket PC, and smartphones; 2) Tablet PC such as Ultra Mobile PC, Internet tablets,
Web tablet [35]. | recommend these devices because the following features character-
ize them: usability, lightweight, a small size, a long battery life, and high resolution.
These features made them convenient and ease of use, so people may find the infor-
mation they need anywhere. Therefore, | use the high tech approach to learning utiliz-
es different technology to aid students in their media literacy learning.

The training course "Media and Information Literacy" employs technical tools to
develop skills for quick and rapid analyzing, processing and verification information
and for the development of the skills of spotting manipulations in media content.

| applied the following methods in order to collect data: questioning, testing, inter-
viewing, analysing results, and processing the obtained statistical data. The teaching
methods include explaining, demonstrating, collaborating (discussions, group work,
role-play game, practice by doing).

The classes were held on the campus of the State University of Telecommunica-
tions (Kyiv, Ukraine) in December 2018. The classes were attended by first-year stu-
dents of Information Security Department and second-year students of Information
Technologies Department. Their total number was 104. Students were divided into 5
groups: three groups included 20 students each, one group consisted of 21 students
and one group consisted of 23 students.

The complete course included five 40-minute lessons, which was perfect for work-
ing out media and information literacy skills using students’ personal technical
equipment, such as smart phones, tablet PCs, and computers.

During the very first lesson, I conducted a survey to find out the students’ self-
assessed level of knowledge about media and information literacy. The multiple-
choice questionnaire consisted of a stem and several alternative answers.

The survey showed that 59.6% of respondents were sure that they were able to dis-
tinguish between true and false information, and 24.5% believed that they were able
to distinguish fake news in most cases.

Thus, 84.1% of students were sure that in most cases they were able to notice de-
ception and manipulation contained in informational messages. And therefore, in their
opinion, they were unlikely to become victims of manipulation.
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Additionally, only 6.7% of the respondents were convinced that they would not
recognize fake news, and 9.2% doubted that they would be able to distinguish misin-
formation from the truth. Thus, only 15.2% doubted their ability to distinguish be-
tween the truth and false information.

However, as further research demonstrated that 67.9% considered their intuition to
be the key criterion for evaluating the truth or falsity of the message, while 23.2% of
respondents completely relied on the information posted by their friends on social
networks. It is noteworthy that only 5.7% of young people tried to check information
in other sources, and 3.2% were not interested in news at all.

It should be noted that only 6 students (5.7%) tried to verify the veracity of mes-
sages using Internet resources. Thus, the results of the first stage proved the expedien-
cy and necessity of conducting further classes (see Fig.1).

20 M Can you spot fake
o]
70 and real news?
60 -
S
o 50 m What criteria doyou
% 40 - use tc;identify fake
news?
e 30
20 A Do you use special
10 - resources for fact-
0 checking?

Fig. 1. The level of media literacy self-assessment before the training.

The second part of the lesson was conducted in the form of a test game “True-False”.
Students were offered short messages to be evaluated for truth or falsity. The results
showed that only 21.2% of the students were able to give the correct answers in most
cases (by most I mean more than 50% of the correct answers). 60.9% could not give
the correct answers in the majority of cases, while 17.9% found it difficult to answer.

Thus, the difference between confidence in one’s own media literacy and the actual
situation is 62.9%. This result indicates that more than half of the students did not
know how to check and analyse information messages and that they had a rather low
level of media literacy (see Fig. 2).
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Fig. 2. The difference between students’ confidence in their own media literacy level and the
actual situation.

The goal of the next lesson was to introduce methods and technologies that allowed
them to check information and facts for truth or falsity. To achieve this, | systema-
tized the existing online resources, selecting the most simple and effective to use. In
class, students practiced using resources to verify the information offered. One of the
main recommendations was to check by using different sources, which made it possi-
ble to compare and analyse information to distinguish personal judgments from facts.

Because there are frequent cases of people using photographs that have nothing to
do with the event that the photos illustrate, it is important to relay the time and place
where a photo was taken along with the other information associated with the photo.
The easiest way to find an image is using Google Chrome, which allows users to
check whether photos or videos have been used before and under what conditions. For
those using Firefox, | suggested using the “Who stole my pictures” resource [36].

The other examples of resource are the following FactCheck - resource for check-
ing information in English [37]; VoxUkraine — independent analytical platform
[38]; Foto Forensics is an online resource for determining error level analysis (ELA):
modified or added details. Using the software, one can get EXIF-data as well. [39];
Findexif.com is an online resource used to check photos taken in the EXIT format,
which allows getting data about when and where a photo was taken [40]; Pipl.com
can be used in case one needs to check who exactly is distributing information. The
given resource is especially useful for social networks. It should be noted that the
software is included in the search engine of American-based social media networks,
such as Facebook, LinkedIn, MySpace etc. [41].
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Students also learned to understand the difference between facts and judgments.
They recognized that only facts are the subject of verification, while personal judg-
ments are often used to influence the readers’s emotional and volitional spheres.

At the third stage, the students themselves created news employing the computer
game called the “Manipulator” [42]. The purpose of the game is to identify the most
advantageous mechanisms for creating junk and manipulative news widely used by
unscrupulous journalists. In addition, while playing, the students determined which
lexical and graphic tools can be used to influence our emotional sphere and the way
such news can manipulate individuals’ and communities’ behaviour.

At the fourth stage, I offered news from the Internet to train the students’ skills of
verifying the truth or falsity of provided information. In this lesson, students used
online resources and personal gadgets. At this stage, | put into service some ideas and
concepts of the MOOC DIY EMI course (by Divina Frau-Meigs). | changed the social
roles between groups to create and analyse messages.

Content creators generate context, depending on the task. Analysts read the infor-
mation, check its sources, confirm or deny it, justify their conclusions, and decide
whether to disseminate such information online or not.

First, the students were the authors of the news, then they had to analyse the mes-
sages written by the other groups.

Students were divided into 4 groups. Each group chose three topics from the pro-
posed list and prepared fake or true news. It was up to students to decide which news
would be created as fake and which as the truth. After the news presentation, other
groups had to determine its truth or falsity. They had to argue and prove their point of
view after checking and comparing the facts.

The fifth and final lesson was devoted to the author’s game “Why do I need ... ?”.
The purpose of the game to show how different features of the item can be highlight-
ed in negative or positive light with the aim of attracting buyers or vice versa (if you
act as a competitive company). The game helps to identify the most advantageous
mechanisms for creating junk and manipulative news widely used by unscrupulous
journalists. In addition, while playing, the students determined which lexical and
graphic tools can be used to influence our emotional sphere and the way such news
can manipulate the behaviour of individuals and communities.

Students in groups created ads using data from online resources. One of the tasks
was to make news about a new kind of medicine that helps people quit smoking. Stu-
dents in groups 1 and 2 had to write a message that would stimulate the purchase of
the medicine with the conditional brand name “smoky-nicht.” Students of group 3 and
4 played the role of a rival company who needed to write a message aimed at reduc-
ing sales of this medicine.

The final questioning that was conducted to determine the level of media literacy
showed that 63.4% of the respondents were able to give the correct answers. The
correct answers were obtained in the majority of cases. (By the majority, | mean more
than 50% of the correct answers).

After checking the hypothesis of differences between the levels of media literacy
of students before and after the training, the following results were obtained: 63.4 %
of students spotted fake news (it is and 42.2% more than before the training), and
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79.6% of students used technical devices for fact checking (it is 73.9% more than
before the training).

That hypothesis is accepted that the proportion of level of media literacy after the
training is higher than it was before. Moreover, after the training the students recog-
nized the dominant role of information technology for fact checking and used them in
practice.

Thus, the obtained results demonstrate an increase in media literacy by a rate of
42.2%. Furthermore, 79.6% of the students answered that they planned to apply their
new skills into practice. This result confirms our hypotheses about the effectiveness of
information technology use in media literacy trainings (see Fig. 3).

20 79,6
30
B The number of students

o 70 who spotted real and fake
au} 60 news
g 50
- 40
= 30 B The number of students

20 who uses information

10 resources

0 -
Before the training After the training

Fig. 3. The level of media literacy before and after the training.

4 Discussion

The analysis of the obtained results manifests that personal experience and the use of
Internet resources make it possible to better get to know the technology involved in
creating user-generated content. Students discovered that media can manipulate them
if they don’t understand the techniques. Furthermore, media creators use judgments to
impose their opinions and to create images and textual content based on a task de-
scription. Students saw that any textual or graphic material is a product of human
activity, thus it can be used for diverse manipulative purposes. Acting as a content
generator in different situations, a student will be able to perceive information more
critically, understand the way junk news is created, and how such can be verified by
available technical devices.

Students noticed that the texts addressing our emotions have the greatest impact on
readers’ consciousness. Human emotions provoke an instant reaction and create fa-
vourable conditions for the rapid spread of fake news. Students also concluded that
any information product of which they might doubt the veracity should be a subject of
verification, yet it requires skills of working with information technologies to verify
its truthfulness.
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Our training sessions showed that the use of advanced technologies is an effective
way to develop easy-to-use skills. The course can be used in both online education
and practical classes for developing critical thinking in the frame of media literacy
education.

Up-to-date information and communication technologies can be sources of misin-
formation, misunderstandings, and conflicts in society. However, at the same time,
information technologies make it possible to master the skills necessary for under-
standing the basics of media and information literacy.

| recommend implementing our training in other media literacy courses. However,
it should be noted that the number of classes and academic hours may vary according
to age and social group appropriateness. | worked with students whose future work is
related to information security, so five class sessions were enough for them to develop
the required skills. | consider that the number of classes and examples of messages
should vary depending on the target audience. Audiences of media and information
literacy courses should be aware that information technologies provide an opportunity
to acquire the skills necessary to verify and analyse media messages.

5 Conclusions

The aim of the experiment was to justify empirically the theoretical assumption that
the proposed approach was really effective. The results demonstrated that the usage of
technical devices increase the level of media literacy and stimulate students apply
their knowledge in their everyday practice.

Thus, my study confirmed the hypotheses put forward earlier, that the use of tech-
nical means increases the effectiveness of media and information literacy training.
Moreover, knowledge and skills in this area increase the probability of applying the
knowledge gained in everyday practice. The high probability of applying this
knowledge in practice is explained by the availability of technical personal devices,
like mobile phones, gadgets, laptops, etc.

I consider our course to be an important tool for increasing the effectiveness of
media literacy trainings for any audience. Therefore, I recommend its introduction
into the practice of media literacy courses.

It is noteworthy that practical assignments (examples of messages, creative chal-
lenges, and tasks) should be selected by each teacher, depending on the age and social
group. In the future, I plan to develop guidelines for the use of information technolo-
gies for media literacy training.

References

1. Information and Communication Technologies in Education. In: ITE UNESCO. Ed.
D.Badarcha. Moscow (2013). http://www.iite.unesco.org (in Russian).

2. Opposition to Russian Propaganda and Media Literacy: Results of All-Ukrainian Opinion
Poll. Analytical Report. In: Detector Media. Kyiv (2018).

238



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

https://detector.media/doc/images/news/archive/2016/136017/DM_KMIS_engl__ WEB-
2.pdf, last accessed 2019/03/14.

. Media and Information Literacy. In: UNESCO Institute for Information Technologies in

Education. https://iite.unesco.org/ru/mig/, last accessed 2019/03/14.
Manipulating Social Media to Undermine Democracy. In: Freedom House (2017).
https://freedomhouse.org/report/freedom-net/freedom-net-2017, last accessed 2019/03/14.

. Media literacy: do people really understand how to make the most of blogs, search engines

or interactive TV? In: The Press Release of European Commission 1P/07/1970. Brussels
(2007). http://europa.eu/rapid/press-release_IP-07-1970_en.htm, last accessed 2019/03/14.

. Lau, J.: A guidelines on information literacy for lifelong learning. In: IFLA. México

(2006). https://www.ifla.org/files/assets/information-literacy/publications/ifla-guidelines-
en.pdf, last accessed 2019/03/14.

Dorr, A.: Media Literacy. In: International Encyclopedia of the Social & Behavioral Sci-
ences. 2001. Vol. 14, pp.9494-9495. Oxford, United Kingdom (2001).

Masterman, L.: New Paradigms and Directions. Telemedium, Journal of Media Literacy,
vol. 46, Ne 1, (2000)

. Paul, R, Elder, L.: The Miniature Guide to Critical Thinking Concepts & Tools (7th edi-

tion). In: Foundation for Critical Thinking (2016).

Parry, B., Potter, J., Bazalgette, C.: Creative, Cultural and Critical: Media Literacy. Theory
in the Primary Classroom. In: Inter-disciplinary.net. 7th Global Conference, Creative En-
gagements: Thinking with Children, 4-6 July 2011, Oxford, United Kingdom (2011).
Tyner, K.: Trendspotting in Media Education. Toward Media Literacy: Contemporary
Voices. In: The Journal of Media Literacy, pp. 35-41. Madison, WI: National Telemedia
Council (2015).

Worsnop, C.: Screening Images: Ideas for Media Education (Second Edition). In: Missis-
sauga, Wright Communication (1999).

Divina, Frau-Meigs: Developing a critical mind against fake news. In: The UNESCO cur-
rier, June-September (2017). http://unesdoc.unesco.org/images/0025/002523/252318e.pdf,
last accessed 2019/03/14.

Buckingham, D.: Defining digital literacy: What do young people need to know about
digital media? In: Nordic Journal of Digital Literacy, 4, pp.21-34 (2015).

Hart, A.: Media Education in the Global Village. In: Teaching the Media. International
Perspectives. Mahwah (USA.), London (UK) (1998).

Krylova-Grek Y.: Peculiarities of information science based on the pilot course “Psycho-
linguistic basics of media literacy”. In: Challenges and the Barriers in Open Education.
13th conference reader. June 25-26, Prague (2018).

Giles, D.: Media psychology. In: Media Psychology. January. (2003). doi:
10.4324/9781410607263.

Rutledge, P. B.: Arguing for Media Psychology as a Distinct Field. In: Oxford Handbook
of Media Psychology, pp. 43-58. New York: Oxford University Press (2013).

Ashrafi-rizi, H., Khorasgani, Z.Gh., Zarmehr, F., Kazempour, Z.: A survey on rate of me-
dia literacy among Isfahan University of Medical Sciences’ students using Iranian media
literacy questionnaire. In: Journal of education and health promotion, vol. 3, p. 49. (2014).
doi:10.4103/2277-9531.131939.

Naidenova, L.: Mediapsychology: osnovy refleksivnogo podhoda (In Ukraine). National
Academy of Pedagogical Science, The Institute of social and political science. Kirovograd,
Imex-LTD (2013).

International Research & Exchanges Board (IREX). Progect on medialiteracy “Ne vir-
perevir’(2019).

239


https://freedomhouse.org/report/freedom-net/freedom-net-2017
http://unesdoc.unesco.org/images/0025/002523/252318e.pdf

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.
40.
41.
42.
43.

https://www.facebook.com/groups/277908126467127/?multi_permalinks=2828013626444
70&notif_id=1550851682941932&notif_t=group_highlights, last accessed 2019/03/14.
Project «Media literacy program for citizens».  http://www.aup.com.ua/en/project-
medialiteracy-program-for-citizens//, last accessed 2019/03/14.

Wan, Ng.: Mobile Technologies and Handheld Devices for Ubiquitous Learning: Research
and Pedagogy. 1GI Global (2010). doi: 10.4018/978-1-61692-849-0.

Wan, Ng, W., Nicholas, H., Loke, S., & Torabi, T.: Designing effective pedagogical sys-
tems for teaching and learning with mobile and ubiquitous devices in Goh, T. T. (Ed).
Multiplatform E-Learning Systems and Technologies: Maobile Devices for Ubiquitous
ICT-Based Education. (pp. 42 — 56). Hershey, PA: IGI Global Publishing (2010).
Herrington, J., Ostashewski, N., Reid, D., Flintoff, K.: Mobile technologies in teacher edu-
cation : Preparing pre-service teachers and teacher educators for mobile learning. In: Ef-
fective teacher education: Partnerships, reflective practice and the place of technology,
Sense Publishers (2014).

Traxler, J.: Learning in a mobile age. In: International Journal of Mobile and Blended
Learning 1(1) (2009). doi:10.4018/JMBL.2009010101.

Keogh, Katrina. A., Mhurchu J. Ni: Changing policy and an innovative response: Teach-
ing, learning and assessing Irish using mobile phones. In: Many voices: Language Policy
and Practice in Europe (2009).

Kolb, L.: Toys to tools: Connecting student mobile phones to education. Moorabbin, Vic.:
Australia: Hawker Brownlow Education (2009).

Keengwe, J.: Pedagogical Applications and Social Effects of Mobile Technology Integra-
tion. In: 1GI Global (2013). doi:10.4018/978-1-4666-2985-1.

Kitchenham, A.: Models for Interdisciplinary Mobile Learning: Delivering Information to
Students (2011). doi: 10.4018/978-1-60960-511-7.

Parsons, D.: Mobile and Blended Learning Innovations for Improved Learning Outcomes
(2016). doi:10.4018/978-1-5225-0359-0.

Parsons, D.: Combining E-Learning and M-Learning: New Applications of Blended Edu-
cational Resources (2011). doi:10.4018/978-1-60960-481-3.

Chao, Lee: Open Source Mobile Learning: Mobile Linux Applications. In: IGI Global
(2011). doi:10.4018/978-1-60960-613-8.

Recommendations Addressed to the United Nations Educational Scientific and Cultural
Organization UNESCO. In: Education for the Media and the Digital Age. Vienna. Reprint
in: Outlooks on Children and Media. Goteborg, UNESCO & NORDICOM, (2001).

Bykov, V.lu.: Mobile space and mobile-oriented Internet environment: features of model
presentation and educational application (In Ukraine). In: Information technology in edu-
cation (17). 09-37. (2013)

Who stole my pictures? https://addons.mozilla.org/de/firefox/addon/who-stole-my-
pictures/, last accessed 2019/03/14.

FactCheck .https://www.factcheck.org/, last accessed 2019/03/14.

VoxUkraine. https://voxukraine.org/uk/voxcheck/, last accessed 2019/03/14.

Foto Forensics. http://fotoforensics.com/, last accessed 2019/03/14.

Findexif.com. http://www.findexif.com/, last accessed 2019/03/14.

Pipl.com. https://pipl.com/, last accessed 2019/03/14.

Text.Org. “Manipulator” on-line game. http://texty.org.ua/d/manipulator-
game/?fbclid=IwAR28Psk6Jz6ZvfHjVI06wa2)JGKFXPpSnRuZnj6umky95GC40_-
0DYdMDKnc, last accessed 2019/03/14

240


https://www.facebook.com/groups/277908126467127/?multi_permalinks=282801362644470&notif_id=1550851682941932&notif_t=group_highlights
https://www.facebook.com/groups/277908126467127/?multi_permalinks=282801362644470&notif_id=1550851682941932&notif_t=group_highlights
http://www.aup.com.ua/en/project-medialiteracy-program-for-citizens/
http://www.aup.com.ua/en/project-medialiteracy-program-for-citizens/
https://addons.mozilla.org/de/firefox/addon/who-stole-my-pictures/
https://addons.mozilla.org/de/firefox/addon/who-stole-my-pictures/
https://voxukraine.org/uk/voxcheck/
http://fotoforensics.com/
http://www.findexif.com/
https://pipl.com/
http://texty.org.ua/d/manipulator-game/?fbclid=IwAR28Psk6Jz6ZvfHjVIO6wa2JGkFXPpSnRuZnj6umky95GC40_-0DYdMDKnc
http://texty.org.ua/d/manipulator-game/?fbclid=IwAR28Psk6Jz6ZvfHjVIO6wa2JGkFXPpSnRuZnj6umky95GC40_-0DYdMDKnc
http://texty.org.ua/d/manipulator-game/?fbclid=IwAR28Psk6Jz6ZvfHjVIO6wa2JGkFXPpSnRuZnj6umky95GC40_-0DYdMDKnc

Information-Analytical Support for the Processes of
Formation of "*Smart Sociopolis" of Truskavets

Mykola Odrekhivskyy®, Nataliia Kunanets?, Volodymyr Pasichnyk?, Antonii
Rzheuskyi?, Danylo Tabachishin?

!Department of Management and International Business, Lviv Polytechnic National University,
Lviv, Ukraine
?Information Systems and Networks Department, Lviv Polytechnic National University, Lviv,
Ukraine
odr2002@ukr.net, nek.lviv@gmail.com, vpasichnyk@gmail.com
antonii.v.rzheuskyi@lpnu.ua, tabachyshyn.danylo@gmail.com

Abstract. The projects of the creation of "Smart sociopolis” contribute to the
transformation of territorial structures into the open market for investments and
provides for the use of modern technologies for the reorganization of the
existing fundamentals of ownership into a more flexible, capable of adapting to
any changes in the external sector. The urgent issues of informational and
analytical support of the processes of formation of recreational innovative
structures on the example of the Truskavets sociopolis are analyzed. The socio-
economic background and methodological aspects of construction of
recreational innovative structures, approaches to their management with the
purpose of transformation into “smart sociopolis” are highlighted. The
methodological principles of organization and integration of sociopolises to
modern economic conditions are suggested. The mathematical models of
estimation and forecasting of states, stability and efficiency of sociopolis
development are proposed. The effectiveness of innovative and technological
processes for the formation of the Truskavets sociopolis mainly depends on the
states of their organizational management structures. Innovative approaches to
intellectualization and optimization of the management of sanatorial
technologies of the Truskavets sociopolis are proposed in order to transform it
into a "smart sociopolis" as an integrated system capable of efficient
functioning, to provide for a sustainable development and to win the
competition among analogous structures of Ukraine and abroad. The model of
the structure of sociopolis with taking into account its potential possibilities is
suggested. The modern tools of organizational management of the Truskavets
sociopolis based on modern information technologies and providing effective
processes for the development of the Truskavets sociopolis, providing it with
adaptive ability, resistance to environmental conditions are suggested.

Keywords: information-analytical support, smart sociopolis, recreational
innovative structures, economic conditions.
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1 Introduction

Local self-governing is of especial importance in the system of the territorial structure
of the state. In many countries the structure of local self-governing is one of the forms
of formation of local authorities. The structures of local self-governing are basic
elements of the territorial structure of the country. The bearer of local self-governing
and, consequently, the subject of administrative activity is the territorial community,
which is interpreted as a set of citizens of Ukraine who live together in an urban or
rural settlements, have collective interests defined by law and legal status. Unlike the
usual territorial unit, the settlement, which has the status of a territorial community, is
endowed with extended rights.

2 The Presentation of the Main Material

In modern society, technology to create modern sociopolises has been spread. One of
such sociopolis is Truskavets, around which are located resort towns. Sociopolis is
reorganized from the special (free) economic zone of the tourist-recreational type
"Polis for resort of Truskavets”, which is active since January 1, 2000, and has been
established for a period of 20 years in administrative-territorial boundaries of the city
of Truskavets in Lviv region [1]

For further development of Truskavets and other resort complexes, it was
expedient to use modern scientific technologies for the development, treatment and
rehabilitation, service and necessary for the effective development of the resort of
production, transforming the sociopolis into a high-tech settlement. Structures of this
type are called "Smart Sociopolis”. The projects of the creation of "Smart Societies"
contribute to the transformation of territorial structures into open areas for investment
and provide the introduction of modern technologies. Transformation of Truskavets to
"Smart Sociopolis” has high chances to enter the World network of health care
institutions and correspond to the status of health resorts of international level. This
led to the need to reorganize the existing fundamentals of ownership into a more
flexible, capable of adapting to any changes in the external sector. It was precisely
this form that was supposed to respond to the innovative structure of the system of
social policy, so that it could become the only organism that can efficiently function,
provide a sustainable development and to compete among similar institutions of the
country and abroad. It is this model of the structure of sociopolis was proposed after
the analysis of its potential. The general structure of sociopolis is presented in Fig. 1.
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Fig. 1. The general structure of the sociopolis

The main elements of the Truskavets sociopolis are business entities, branches, and
other units located on its territory. That is, sociopolis is a resort - a set of cities that
function as the only "smart" economic complex, the development of which is based
on the development, realization and implementation in the health-improving process
of the latest information technologies, innovative approaches to the development of
recreational, health and rehabilitation processes, ecological research, services, support
industries and management. The main elements of the sociopolis Truskavets are
business entities, branches, and other units located on its territory. That is, sociopolis
is a resort - a set of cities that function as the only "smart" economic complex, the
development of which is based on the development, realization and implementation in
the health-improving process of the latest information technologies, innovative
approaches to the development of recreational, health and rehabilitation processes,
ecological research, services, support industries and management. An important
aspect of creating the smart Truskavets sociopolis is the introduction of new computer
technologies that provide highly qualified treatment based on the use of modern
medical equipment.

Analysis of the experience of the organization of analogous structures in the
foreign countries, we came to the conclusion that the organization of a reasonable
sociopolis Truskavets will have such prospects [2, 3]:

For Ukraine:
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formation of a model for the development of sociopolys and recreational areas, the
possibility of the development of new methods and principles of their
organizational management;

the possibility of implementation of a new form of rehabilitation of the population
of Ukraine in the context of reorganization of the health care system;

development and distribution of new technologies in Ukraine: diagnostics,
recreation, rehabilitation and treatment, services, landscaping and formation of
resort architecture, biotechnology, preventive and restorative phytotherapy, waste
management;

development of methods of formation of the modern market of sanatorium-resort
services, organization of effective and systematic rehabilitation of the population
of Ukraine.

For Truskavets sociopolis and the region it is:

-improvement on the basis of introduction of information technologies of the
system of management of the sociopolis;

increase of revenues to the budget of the sociopolis and creation of additional work
places;

increasing the level of environmental protection and rational use of natural
resources;

establishment of environmental monitoring and the possibility of correction of
environmental conditions of the Truskavets sociopolis;

increase in the level of medical, cultural and consumer services for the population
and tourists;

preservation and reproduction of natural flora, medicinal plants based on the
achievements of medical botany;

intensive development of landscape gardening, construction and architecture;
development of technologies for utilization of waste;

development of sewage treatment industry;

improvement of the organizational structure of the trading network and service;
development of communication and transport industry;

setting up of the special conditions for the study of foreign languages and the
maintenance of the population by means of the connection of the sociopolis of
Tpuskavets to the international information media;

keeping the objects of non-precision in a proper condition.

Taking into account the recreational resources available in Ukraine, the creation of
smart "Sociopolis Truskavets" contributes to the construction of regional and

national recreational innovation systems. Such a structure may play the role of a basic
organization in the Carpathian recreational innovation system [[4], [5] ].

There is a need to create similar structures in other recreational zones of Ukraine.
They may be city resorts operating in these areas after their reorganization.In regions
of Ukraine that do not belong to recreational zones, it is desirable to create
recreational parks and recreational polises, the profile of which may be determined by
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the natural resource potential and the probability of diseases of the inhabitants of
these regions (Fig 2, 3).

Consequently, the recreational parks, recreational polises, recreational resorts,
other recreational innovative enterprises and the interconnections among them can

become a prospect of a national recreational innovation system as a new form of
public health protection in Ukraine.
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Fig. 2. Hierarchical structure of recreational innovation enterprise
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To form an effective model of the smart Truskavets sociopolis, economic and
mathematical methods are widely used in the study of the development processes of
socio-economic systems and their structural units, which is one of the prerequisites
for the use of these methods in our study of development. The study of prospects for
the development of the Truskavets sociopolis, with the help of economic and
mathematical methods, will facilitate the study of the plurality of factors that affect
certain aspects of business entities of the Truskavets sociopolis, and hence the
determination of possible additional reserves for improving the efficiency of its
functioning. It is primarily about the production and solving new problems
multivariate analysis, evaluation and forecasting of conditions of stability and
effectiveness of the development of economic systems of the Truskavets sociopolis,
the solution of which is impossible with the help of traditional methods.

The basis of the construction of mathematical models for estimating and
forecasting the state of development of the Truskavets sociopolis, in order to make
optimal managerial decisions on effective marketing-oriented development
management, proposes to put the principle of hierarchy of complex systems, since
socio-economic systems (which include the Truskavets sociopolis), complex technical
systems (technological processes) and living systems of different levels of
organization (cell, organs or living organisms, populations in general) belong to
systems with a bug level hierarchical structure [ 6], [7]. This is conditioned by the fact
that the functioning of the control systems of intellectuals , the Truskavets sociopolis
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in general, as well as the human body are subordinated to a certain goal, the
achievement of which can be regarded as the realization of the structural-functional
state, which covers the elements of many levels of the hierarchy [8]. That is the
general scheme of managerialtion as well will provide is to achieve the goal, can be
displayed in a hierarchically organized management system, which includes the
following three levels.

The first, microlevel of control systems, manages local management responses,
which are actually specific responses, for example, the body cells for changes in the
environment, the operating elements of the Truskavets sociopolis, or the modules of
the subprograms of intellectual technologies.

The second level, the meso-level, created by a set of elements (specialized control
systems) of the micro level, which in a certain way interact, manages the internal
environment of the human body, units of the Truskavets sociopolis or intellectual
systems.

The third level, macrolevel, adjusts the control systems of the lower levels,
introducing the corresponding changes to the specific reactions of the first, and the
complex of their interactions in the second level.

That is, the control systems of the level of the organism, the Truskavets sociopolis
and intellectual technologies, the specified structural hierarchy of living, social and
technical objects, include several special control systems that ensure the flow of
metabolic processes in the cells of the body, the fulfillment of its vital functions, the
implementation of technological and managerial processes in the Truskavets
sociopolis, ensuring their organizational and economic functions. Therefore, in order
tostudy the dynamic and static characteristics of the states and stability of the
Truskavets sociopolis development, the effectiveness of their technologies will dwell
in more detail on obtaining formalized descriptions of hierarchical structures by
constructing a hierarchical pattern of models. This pattern of models should become
an instrument for studying the states and sustainability of the Truskavets sociopolis
development.

Efficiency and innovation processes in the formation Truskavets sociopolis largely
depend on the state of nih organizational management structures. Therefore, the
development of specific procedures for mathematical modeling of hierarchical
structures is relevant and can be widely used for evaluation, analysis and forecasting
of stability and development of the Truskavets sociopolis, effectiveness of their
innovation and technological processes.

Thus, the study of the state of development of the Truskavets sociopolis is
suggested to be based on the presentation of the Truskavets sociopolis in the form of
such a hierarchy: from the Truskavets sociopolis (macrolevel) — subdivisions (meso
level) — specialists (microlevel).

Effective work of intellectual systems of organizational management of the
Truskavets sociopolis, management of innovative and technological processes, the
Truskavets sociopolis will be provided with the flexibility and adaptability of their
functional structure organized on a hierarchical principle as follows: technological
level (level of innovation process and its parts, macro level), level of intellectual
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systems and subsystems (meso level), the level of module files and modules (micro-
level).

If you know the structure of the process of life and its recovery for the investigated
object and whether its elements, in principle, you can define the set of all possible
states and intensities of transitions from state to state. This makes it possible to build
graphs transitions peaks which are possible states of an object and, as edges -
transitions from stateto state with particular intensity value transitions. For example, if
the system is known to be in some state Si, and in order to move it to the state Sj, it is
necessary for me to leave a certain event, then from the state Si to the state Sj there is
an arrow indicating the intensity of the implementation of this event (Fig. 4).

Aot A2

— .y

So o S1 ™ S2

Fig. 4. Graph of Markov process

Note that when constructing such graphs, not all events (transitions) can be
resolved. Restrictions on the count of transitions are explicitly contained in the verbal
descRIEtion of the principle of functioning and restoration of the investigated system.
On the basis of the constructed conversion graph, it is easy to write a system of
differential equations, whose solution will allow us to obtain probabilistic dynamics
of states of the system.

It is also possible to present a probabilistic process by a matrix of transitions. The
matrix of transitions for the graph depicted in Fig. 3, has the form:

o PR,0
Pij = Ploo P, |
0O 0 P,

M

where p; is probability of transition from the i-th in j- th state; P; is probability
of storage of the i- th state.

Let's dwell briefly on the method of determining the probabilities of states of the
Markov process. Let an object whose state of dynamics is subject to investigation
may be in states whose numbers are finite and equal to n . The states of the states S,
y Sty e Sy ooy S, correspond to the indices 0,1, ..., and , ..., n . With both th state to
j th state of the object moves with constant intensity 4; and on the j-th state to and -
state - with constant intensity p; .

To determine the probabilities of each of the states of the Markov process with any
finite number of states of Kolmogorov proposed a system of differential equations [9,
p. 336 ]. The application of the Kolmogorov differential equations for determining
the probabilities of the states of the investigated object will be considered on an
example of an object whose graph of states can be presented in the form depicted in
Fig. 3.3, where the number of states of the object is equal to three.
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The probability that the object on the time interval 4 t with respect to time t, is in
the state S, is the product of the probability that an object at time t is in the zero
state, the probability that it will pass on the interval 4 t from the state S, to the state
S;, plus the product of the probability that the object at the time t is in in the state S;
, the probability that it will pass to the state S, from the state S; in time 4 t [10].
This formula is written as follows:

Po(t+ A1) = Ry (1) - L~ [P, (AD [+ RO - Py (). )
Similarly written equations for the probability that the object on the time interval A
t, that is the time t, in a state S1 and S2. The result is a system of equations.
Po(t-+A) = Py (1) (1= Py, (A)+ Py (1) Py (1),
P,(t+A) = P,(1)- (L= (P, (At) + Py (A6))+ Py (1) Pyy (A) + P, () - Py, (1) (3
P, (t+A4t) = P, ()-(L- P (A1) + P, (1) Py, ().

Probability of transition of object from state S; to state S; with intensity 4; is equal
to:

— 2 At
Pij(At):l_e J =1_(1_ﬂ1j'At):21j'At 4
Probability of transition from state S; to state S; with intensity x; is equal to w; - 4
t. The probability of no transitions from the state of S, in the state S, and Sy is:
1-(P, (At)+ Py (At)) =1- (4, - At + 14 - AY) ©)
Substituting the expressions in (3) , we obtain the following system of equations:
Py (t+At) = Py (t) = Py (t) - Ay - At+ Py (1) - 1 - A,
Pot+At) =P (t) - Pi(t) (A, + ) - A+ Py (8) - Agy - At=P, (t) g1y - AL, ©)
P, (t+At) =P, (t) - P, (t)- ,y - At+P,(t)- 4, - AL.

On the right-hand side of the equations of the system of equations (6) emotions
were transferred to the left part of P; (t). Dividing the right and left sides of
equations for 4 t and considering that:

P (t + At) — P(t) = APi,
AR /At =dP /dt,

the system of equations (6) can be reduced to a system of differential equations:
dRy /dt=—Ay - R (t) + 140 R (L),
dR/dt="7g, - Po(t)~ (i, + fho)- PO+ 1P, (1), ®
dR, /dt=—uy Py (t) + A, R(1).

We can also get the system of differential equations (8) directly in the form of a
state graph if you use it so they rule [11, p. 123 ]: "For each of the possible states of
the object a, an equation is written, the left part of which is dP; / dt , and to the right
are as many constituents as the arcs of the graph touches this state. If the arc of the

graph is directed to this state, then a plus sign is placed before the equation of
equation if the arrow is directed from this graph a -minus. Each of the components of

(7
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the equation and is equal to the product of the intensity of this transition state (or in
this state) the probability state from which comes an arrow. "

If the study is Markov and stationary process, for which derivatives dP; / dt can be
taken to be zero (probability states do not change over time), the system of differential
equations (8) goes with the system of algebraic equations:

— 2o Po(®) + a4 R(1) =0,

Aoy Po(®) = (Aip + p10) - B(t) + 11, - By (1) =0, 9)
= - P () + 2, R () =0,
P,+P+P,=1.

The fourth equation for this system (for three unknowns) becomes necessary
because the first three are reduced to two, and the number of unknown probabilities of
statesin this system of equations is equal to three. The solution of the system of
algebraic equations (9) will look like:

o =1L+ Aoy g + Aoy Ay gty + A0,
P =P Ao/ thp, (10)

Py =Py Aoy Ao iy g
If the set of states studied objects and large, the system of equations (10) should be
solved with the help of cybernetic technology.
The suggested methodology for modeling the state of development of Truskavets
sociopolis has a scientific and practical interest, since it enables:

o to optimize innovative and technological processes;
o analyze, evaluate, predict states, stability and effectiveness of RIE development;
o to support the adoption of optimal managerial decisions.

Since the studied systems are considered complex, each of which acts in at least
two functions - as an element of a more complex system and as a system consisting of
elements, that is, simpler subsystems, which, in turn, are also systems consisting of
elements, etc.

In order to approbate the proposed mathematical models for estimating and
forecasting the state of development of the Truskavets sociopolis, we conducted a
study of the state of development of the sanatorium and resort complex of Truskavets,
which includes 23 sanatoriums and 8 boarding houses. Interest in these studies is due
to the fact that the Truskavets sociopolis and its basic structures form a unified
innovation structure in the region.

In this case, the states:

S1 (UN) - "unsatisfactory" state of development of the sanatorium and resort
complex, that is, the state in which the main economic indicators of the complex (for
example, the volume of services rendered) are lower than planned but not lower than
the indicators of the previous year;

S2 (S) - "satisfactory" state of development of sanatorium and resort complex, that
is, the state in which the basic economic indicators of the complex correspond to the
level planned;
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S3 (G) - "good" the state of development of the sanatorium and resort complex,
that is, the state in which the main economic indicators of the complex are higher than
the planned;

S4 (VG) - "very good" the state of development of sanatorium and resort
complex, that is, the state at which the main economic indicators of the complex are
significantly higher than planned.

Having conducted research on the development of the sanatorium and resort
complex Truskavets in 2006 - 2008, we received the following indicators:

in the state of S1 (NZ) there were 6 sanatoriums;

in S2 (S) - 11 sanatoriums;

in S3 (G) - 10 sanatoriums;

in S4 (VG) - 4 sanatorium.

Thus, the probabilities of the states of the studied complex have the following
initial values:

Po(S1)=6/31=0.2;

Po (S 2)=11/31=0.35; (3.23)

Po (S 3)=10/31=0.32;

Po(S4)=4/31=0.13.

During the studied period, the developmental conditions of the studied health-
improving complexes of Truskavets changed. The intensity of the transitions from
state to state is depicted by the corresponding values above the arcs of the graph
transitions (Fig. 5).

Fig. 5. Graph of states of development of the Truskavets sociopolis

To evaluate and predict the state of development of the Truskavets sociopolis with
the help of the proposed mathematical apparatus in the previous section, we
conducted a study of the dynamics of probabilities of the state of development of the
sanatorium complex by calculating with the help of computer technology the system
of Kolmogorov differential equations:

i} =-Ags P+ 5 P
gt s s (11)
d:iz =ss, Py —(As,5 + 45, 5) Ps, + 4,5, Py
dR
d—; =25, s, = (As s, +45,5,) Py + 45 5, B,
dFR,

dt =Ag,8, T, *;“smsa 'PSA'
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The research of the statics of the probabilities of the conditions of the development
of the sanatorium complex is carried out by calculating with the help of computer
technology the corresponding system of differential equations (11) of the system of
algebraic equations:

_]’SI,SZ ’ Psl +/152v51 ’ Psz = O’
ﬂ'sl,sz ) I:)sl _(/132,51 +]'52,sg)' Ps2 *’ﬂ'sg,s2 ‘P83 =0, .
/152,53 ) Ps2 _(}Lsa,s2I "’ﬂ’sg,s‘,)'Ps3 +ﬂ’54,53 'P54 =0,

As,s, Ps, = 45,5, Ps, =0

(12)

The system of differential equations (11) and the system of algebraic equations
(12) describe the graph presented in Fig. 5.

In the study of the dynamic and static characteristics of the probabilities of the
states of the studied complex on the main economic indicators, we can conclude that
the most probable for the Truskavets sociopolis is the state in which the basic
economic indicators of the complex are lower than the planned but not lower than the
indicators of the previous one year.

That is, the complex develops and development can be considered:

® unsatisfactory - with a probability of 0.48;
® satisfactory - with a probability of 0.42;

® good - with a probability of 0.08;

® very good - with a probability of 0.02.

A more detailed analysis of the situation related to fixation of the state of
Truskavets sociopolis is presented in the work [12]

Truskavets sociopolis as a social system is open, it contains all the characteristics
of cybernetic systems - controlled, consisting of a set of subsystems that act as mech-
anisms for the development and implementation of self-sustaining reactions.

That is, an effective control system should have a certain set of states that
corresponds to a variety of states of the control object, and must have channels of
information transmission that would allow timely reception of signals about the
situation in the object of management and the external environment and the adoption
of optimal solutions for the actual problems. From here it becomes clear the key role
of the system of transmission and processing of information in modern management,
the importance of intellectualization of managerial processes.

Opportunities of modern information technologies to store compactly, quickly to
deduce, quickly and comprehensively to analyze, visually to display information,
form and accumulate knowledge[13-15] and on this basis to form recommendations
for adoption of optimum decisions, can be put in a basis of intellectualization of
management of marketing-oriented technological changes and innovative processes in
the recreational innovative enterprises as means of marketing-oriented management
by the Truskavets sociopolis. The effectiveness of these approaches to
intellectualization affect the quantitative and qualitative changes.
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Quantitative changes related mainly to the use of information technology in routine
operations in diagnostic experiments, which increase the level of standardization,
accuracy and speed of obtaining diagnostic output and solutions, which is extremely
necessary in psychosomatic examination and counseling of patients.

Qualitative changes are provided by the possibilities of modern information tech-
nologies to implement new types of diagnostic and other technological changes, based
on the use of modern technologies of formation of databases and knowledge bases,
pattern recognition algorithms, methods of artificial intelligence, which are based on
the manipulation of knowledge in the areas caused by the technologies of formation
of the Truskavets sociopolis (Fig. 6).
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Fig. 6. Scheme of organization and management of technological changes and innovative
processes

As the high efficiency of businesses most likely explained by the tendency of nih
leaders to managerial innovations than the ability to improve processes, foreign theo-
rists and practitioners of management came to the conclusion that the best form of
organization of management companies should be considered flexible, adaptive con-
trol system, natural property which is continuous innovation, willingness to make any
changes in the management, organization, technology, range, etc. System manage-
ment of information and system requires rationalization of the structure of infor-
mation flows, simplification of procedures for information exchange and document
circulation, reduction of information overload, scientific approaches to the formation
of effective analytical information, creation of firm databases and knowledge bases
for the purpose of making optimal decisions. These problems with any intellectual
system of management are constantly changing, since management companies, for
their progressive development. It should be on innovative basis, that contain the
means and measures for the implementation of modern innovation policy and opera-
tional management (a set of scientific, technical, production, management, marketing
and other activities). The information that is necessary to ensure innovation policy
should enable managers to navigate in technological issues, provide a basis for plan-
ning, identify priority problems, the formation of alternatives to overcome these prob-
lems, the choice of rules for decision-making. Information support of operational
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management of enterprises should ensure implementation of planned plans, produc-
tion of high-quality products, provision of efficient services, achievement of the
planned level of economic indicators. That is, management as a system of control and
regulation should provide the necessary information interaction between the enter-
prise and the external and internal environment. But for the effective operation of this
service and the adoption of optimal solutions for managing the processes of develop-
ment of the Truskavets sociopolis, it is recommended that they be implemented
through the development and use of appropriate intellectual technology. This technol-
ogy should be organized on such intellectual systems, based on information on the
state of development of the Truskavets sociopolis, knowledge of experts aggregated
in the knowledge base, automating the decision-making processes at the qualification
levels of the Truskavets sociopolis employees, the states of the Truskavets sociopolis
and the states development of Truskavets sociopolis in general, and worked out on
this basis appropriate management decisions (Fig. 7).
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0 Final decision making
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Fig. 7. Intellectual system of marketing-oriented management of states of development of the
Truskavets sociopolis

Thus, intellectualization technology marketing-oriented development management
of the Truskavets sociopolis allows us to build a flexible, adaptive and stable
management system of the Truskavets sociopolis, the natural property of which is
constant innovation, readiness to make any changes in the market of healing goods
and services, in management, organization, resources, technologies, goods and
services.

3 Conclusions

Solving problems of organizing marketing-oriented management of the Truskavets
sociopolis with the aim to adapt their organizational structures and business processes
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to the dynamics of the environment should be based on software tools that make it
possible to model organizational structure of the Truskavets sociopolis in general and
to model that of a specific employee of Truskavets sociopolis in particilar in his role,
taking into account his knowledge, duties, intentions, and etc.

Creation of tools of organizational management of the Truskavets sociopolis using
the echievements of informational technology, which primarily include intellectual
systems and knowledge management system, helps to make diagnosis and prediction
of conditions of stability and effectiveness of the Truskavets sociopolis, to provide the
Truskavets sociopolis appropriate adaptive ability, resistance against environmental
conditions, intensification of their development, development and introduction of new
science-intensive technologies of recreation, treatment and rehabilitation,
environmental research.

The basis of the tools necessary for creation and operation of control systems of the
Truskavets sociopolis may contain integrated object-oriented and distributed
databases and knowledge bases, hybrid expert systems, decision making support
systems, integrated neural systems, etc. Decision making support systems allow us to
model and automate decision making, simulate and automate organizational
management of the Truskavets sociopolis. Distributed (decentralized) artificial
intellect, integrated automated management systems and multiagent systems
constitute the most suitable class of models for organizational marketing-oriented
management for the Truskavets sociopolis.

Truskavets sociopolis is one of the most significant at the state level of Ukrainian
tourist-balneological complexes. Its development and analytical processing of
information concerning perspective directions of improvement is general-
methodological and can be used as a platform for other resort, recreational and health
sociopolises.
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Abstract. Research goals and objectives: to carry out the analysis of the market
of ERP-systems and to make scientific and practical recommendations for their
choice for successful introduction at domestic machine-building enterprises.

Subject of research: design, implementation and use of ERP-systems at the
machine-building enterprises of Ukraine.

Research methods: statistical, systematic and comparative analysis, modular
design, analytical and expert methods.

Results of the research: The advantages of implementing ERP-systems at the
machine-building enterprises have been evaluated, the most significant impact
on individual indicators of enterprises has been determined and the advantages
and disadvantages of automation of business processes at machine-building en-
terprises, depending on their separate types, are described. Examples of integra-
tion of subsystems on the basis of information flows and interaction of auto-
mated systems with external entities are given. It is proved that the success of
the implementation of ERP-systems depends on the correct choice of the system
class, the type of production, set priorities for the automation of business func-
tions, taking into account the factors of criticality, readiness, speed and value.
As a result, the maximum effect from the implementation of the ERP system
potentially depends on: the completeness of its compliance with national legis-
lation, the user interface's convenience and clarity, the ability to adapt to the in-
dustry-specific features and the specifics of the operation of a particular enter-
prise, the possibilities of integration into the system of external and internal
modules, etc. It is important to involve the consulting companies, industry spe-
cialists and employees of the enterprise in the process of implementation.

Keywords: Enterprise Resource Planning (ERP), Enterprise Resource & Rela-
tionship Processing (ERP 1), criteria for selecting, designing and implementa-
tion.

1 Introduction

Currently, the Ukrainian market has a large selection of high-class systems for auto-
mation of enterprises’ functioning. The worldwide leaders in this field, represented in
Ukraine, are products of SAP, Baan, Oracle and Microsoft companies. They are cor-
rectly localized and implemented, or are successfully implemented at the Ukrainian
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enterprises. The products of such Ukrainian companies as "Information Technolo-
gies", Sirius System, IFS Ukraine and others are also common [8, 9, 12, 19]. And
here, the main thing is not the creation of a large number of interesting information
systems from the point of view of their developer. Design of ERP-systems should be
aimed at the consumer, to offer managers and marketers more opportunities for un-
derstanding the views of consumers, to respond to their needs.

The current global trend towards building integrated enterprise management auto-
mation systems is the creation of the Enterprise Application Suite (EAS). This ap-
proach allows the most efficient use of the capabilities of accounting systems (ERP-
systems, systems of financial and economic management, accounting programs) and
OLAP-systems (planning and budgeting, knowledge management systems, data
warehouses) and others.

However, most Ukrainian enterprises have different automated enterprise man-
agement systems that have been introduced long ago, they are inefficient and do not
fully meet modern business management concepts and therefore can be classified by
software capabilities. Among these systems are the following [9, 12, 19]: Material
Requirements Planning System (MRP), Manufacturing Resource Planning System
(MRP 1), Manufacturing Execution System (MES), Customer Demand Planning Sys-
tem (CDP), Customer Relationship Management System (CRM).

Current demands for the operation of such systems require the use of advanced
tools, a strong technological base, mobility, accessibility, reasonable price for the
acquisition and service, taking into account relevant national standards [11, 15].

The aim of the article is to describe scientific and methodological foundations and
practical recommendations on key selection criteria for the modern ERP-systems of a
machine-building enterprise.

2 The Main Requirements for Modern ERP Systems

The analysis shows that for the Ukrainian enterprises the most relevant concepts of
enterprise management systems are MRPII and ERP, which actually became world
standards. They represent a set of general rules set out in 1980-1990 years [7]. Taking
into consideration the fact, that ERP-systems are focused on fulfilling more tasks than
MRPII, which focuses on managing production resources, in the article we focus on
ERP, in particular, their modern version - ERPII.

It is difficult to calculate exactly what the ERP-system gives to the company, tak-
ing into account the diversity of systems, different conditions of enterprises before
introduction, and the complexity and uniqueness of each project. An expert survey of
specialists of machine-building enterprises of Khmelnytskyi region was conducted by
us at the beginning of 2019. We asked about the effectiveness of the ERP-systems,
introduced by them and the results of the survey showed positive results (Table 1).

Since the authors did not aim at assessing the effectiveness of embedded IT tech-
nology ERP-systems, then the calculation of the values of changes in table indicators
did not apply common methods such as Return on Investment (ROI), Total Cost
Ownership (TCO), Cost-Benefits Analysis (CBA) etc. Instead, the comparison of the

258



values of the indicators of economic characteristics before the implementation of the
ERP-system and after the startup of the system at the enterprises was made. The as-
sessment of qualitative and quantitative indicators was carried out on the basis of the
points put forward in the questionnaires by experts of the enterprises, and also on the
basis of statistical data of their financial reports.

Table 1. Estimated advantages after the introduction of ERP!

Indicator Growth
rate
Reducing the timing for closing the accounting period 95%
Improving general culture of management, reducing paper workflow, using the 90%
optimal scheme of business processes
Increasing the number of deliveries right in time 80%
Reducing transport and procurement costs 60%
Improved after-sales 60%
Reducing delays in the shipment of finished products 45%
Increase in the turnover of the enterprise funds 35%
Reduced manufacturing defects 35%
Reducing business costs 35%
Reducing costs for administrative staff 30%
Improving the accuracy of cost accounting 30%
Reduced working capital requirements by improving the speed and quality of work 30%
Improvement of capital assets utilization 30%
Labor productivity growth 27%
Reduced warehouse space 25%
Reducing the time for the sale of goods 25%
Reduction of reserve stocks in warehouses, use of advanced methods of their plan- 20%
ning and control

As a result, as shown in table 1, the introduction of ERP systems in machine-
building enterprises has had the most positive effect on the deadlines for closing the
accounting period, the general culture of management, the use of optimal business
process schemes, delivery in the exact terms, transport and procurement costs, after-
sales service. For such a conclusion we have taken only those indicators, the growth
rate of which exceeds 60%.

According to the statistical portal Statista, the entire world market of large and me-
dium ERP was income from the sale of software $ 82.1 billion in 2015 and the results
of 2016 rose to $ 82.3 billion [8]. The main problem when choosing the ERP modules
and its implementation is the task of creating a unified system that meets the needs of
employees at all departments [12, 13].

Modern enterprise management system that meets the ERP concept should have
the following modules: Supply Chain Management (SCM), Advanced Planning and
Scheduling (APS), Sales Force Automation (SFA), Stand Alone Configuration Engine

! Created by the authors based on the results of the expert survey of 28 machine-building
enterprises of Khmelnytskyi region.
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(SCE), Finite Resource Planning (FRP), Business Intelligence (BI), Online Analytic
Processing (OLAP), E-Commerce (EC), Product Data Management (PDM) [6, 12].

Recently, one can observe the trend of intensive management technologies devel-
opment aimed at improving the interaction with external entities: customers, suppli-
ers, partners and others. These information systems are based on the management of a
full cycle of production: from designing according to customer requirements to guar-
antee and service. These technologies in modern terms are: Customer Synchronized
Resource Planning (CSRP), Supply Chain Management (SCM), Customer Relation-
ship Management (CRM).

3 ERP Selection Based on the Type of Production and Scale of
Automation

In order to consider all the needs of a machine-building enterprise, the choice of ERP
must begin with the analysis of production and, depending on its characteristics, focus
on different management concepts and automated information systems. In the evalua-
tion of existing trends in production planning, it can be noted that the individual pro-
duction is the most difficult, which requires constant technological change, recruit-
ment and changes in work processes and therefore, the use of ERP in this case is in-
appropriate. Here it is better to apply PERT (Program/Project Evaluation and Review
Technigue) methods and network planning methods, especially for analyzing the time
for each individual task and minimizing the time spent on the whole project (Fig. 1).

Complexity of production
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Fig. 1. Application of planning methods for different types of production
depending on the volumes of production and its assortment?

The three following types are different versions of serial production, in which,
when the seriality increases, the versatility of the equipment decreases and the spe-

2 Suggested by the authors



cialization of workers shrinks, consequently, the number of types of finished products
decreases, and the volume of output increases. The fifth type is characterized by mass
production, the availability of specialized equipment, conveyors, technological com-
plexes, the minimum number of types of products with maximum output volumes.

Research has shown that the use of modern flexible and powerful algorithms for
the distribution of production processes has led to the development of Advanced
Planning and Scheduling (APS). Therefore, the enterprises of the second, third and
fourth types of production need to apply the concept of ERP, and for the fifth type -
JIT-methods (Just-In-Time), because ERP-techniques for such production are too
powerful. The scale of automation introduction at the machine-building enterprises of
Khmelnitsky region can be divided into partial automation, by individual areas, by the
chosen sphere of activity and full automation (Table 2).

Table 2. Features of automation of business processes at the enterprise®

Type
of automa- Goal Advantages and Disadvantages
tion
Automation of |Advantages: individual subsystems are much cheaper than a
certain local ~ [complete solution.
Partial  |Pusiness pro- | Disadvantages: lack of strategy; task locality; probability of
cesses getting pieces of unfinished infrastructure; additional costs due
to functions duplication and servicing of unfinished modules;
inefficiency of investment.
Automation of |Advantages: automation systems in certain areas provide signifi-
individual cant economic benefit; saving investment resources.
By individu- production  |Disadvantages: automation is carried out strictly under a certain
al areas |areas or admin-|type of manufacturing and its standards; frequent viewing of
istrative units  [strategic and operational plans of automation
on functional
grounds.
Automation of |Advantages: implementing ERP & MRP 11 before full automa-
the chosen tion; all subdivisions of the chosen sphere of activity are in-
sphere of activ- |volved; emerging information and communication structure of
By sphere of |ity. the company; a re-engineering of business processes and creat-
activity areas ing a business model.
Disadvantages: requires frequent review of strategic and opera-
tional plans of automation; requires significant investments in
hardware, software, hiring developers.
Creation of an [Advantages: full integration of all modules and control units,
integrated procedures, functions and operations to a single system based on
enterprise database; integration of the mathematical software on the basis
Full management  |of models and methods for providing planning and forecasting.
system. Disadvantages: the need for adjustment of the strategic plan to
reflect changes in the market; additional costs for service support
and maintenance of hardware, software, hiring developers.

We have proved that in today's competitive processes ERP application helps opti-
mize operations, reduces errors, improves forecasting and planning, and aims to sig-
nificantly reduce costs and improve production processes. However, analyzing the
advantages and disadvantages of automating business processes at an enterprise, it

% systematized according to the advantages and disadvantages based on our own research
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must be emphasized that everything depends on the needs and financial capabilities of
each particular enterprise.

4 ERP-Systems Selection Based on Their Capabilities

Since the beginning of the 21st century, new functional capabilities of the ERP sys-
tem have begun to evolve in the world, which went beyond the traditional features of
automation and optimization of business processes of the ERP methodology. The
traditional concept of ERP envisaged primarily work with internal enterprise re-
sources, resource planning, careful inventory management and insurance of transpar-
ency of manufacturing processes. The functional of modern systems has been sup-
plemented by modules such as SCM and CRM, responsible for optimizing external
communications of the enterprise. There was a separation of concepts: the traditional
ERP management was called back-office, and external applications that appear in the
system - front-office. Thus, a new standard has appeared - ERP Il (Enterprise Re-
source and Relationship Processing) [3].

Our analysis confirms that new ERP really provides comprehensive management
of key business processes, often in real time. Typically, these systems are represented
by a set of integrated applications that the enterprise can use to collect, store, manage
and view data about many types of their own activities. These systems monitor busi-
ness resources (cash, raw materials, manufacturing facilities and the status of business
liabilities (demand for products and materials) [2].

The analysis showed that the new ERP was complemented by the following mod-
ules [1, 6, 13, 19]:

— Supplier Relationship Management (SRM), which is designed to improve man-
agement, optimize purchasing power, improve customer service by selecting and
properly working with suppliers, establishing and improving business processes
with further analysis of results.

— Product Lifecycle Management (PLM), which helps in planning and optimizing
production capacity and material resources.

— Supply Chain Management (SCM), which allows controlling processes in the
warehouse and quickly respond to changes in supply and demand.

— Customer Relationship Management (CRM), which is used to manage relation-
ships with consumers, including the collection, storage and analysis of information
about customers, suppliers, partners, and information about relationships with
them.

— Enterprise Asset Management (EAM), which can effectively manage all lifecycle,
improve resource utilization and reduce costs by using powerful analytics tools.

— Business Intelligence (Bl) & Online Analytical Processing (OLAP), which allows
converting streaming business information into human-readable form.

— E-Commerce System, which manages activity of all electronic financial and trad-
ing transactions, as well as related business processes.
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In general, there are three main areas that determine the development of the class
ERPII: deepening the functionality of ERP; the emergence of technologies that sim-
plify the creation of specialized industry solutions; creation of new and improvement
of existing management modules between corporate business processes.

Our system analysis revealed that the main differences between ERP and ERPII
arose from the rapid development of e-commerce and increased interaction between
all subjects of financial and business processes via the Internet, so the modern system
received a Web-based architecture (Fig. 2).
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Fig. 2. Differences between ERP and ERP II*
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In our opinion and in the opinion of many scientists enterprise resource manage-
ment requires a comprehensive review of all business processes within a single in-
formation system [4, 6, 9, 11, 19]. The absence of functions important to the enter-
prise in the system and the impossibility of their additions for a certain period of time
- indicate the inexpediency of its implementation at this enterprise. And because of
this, in the face of increased competition, it is necessary to find out the real needs of
the enterprise from the function of modern ERP and to develop and describe the se-
quence of such a system, to determine the need for individual blocks of automation of
business processes.

We have proved that an important aspect of implementing the chosen ERP is the
level of integration between its subsystems. As an example, consider a scheme of
integration of subsystems based on information flows (Fig. 3).

4 Systematized by the authors based on [1, 5, 13]
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Fig. 3. An example of the integration of subsystems based on information flow”

At the same time, we believe, it is necessary to be aware how the chosen enterprise
management system integrates with external objects and systems (Fig. 4).

State authorities, Human resources
regulatory frameworks management System
Training and retraining
systems

Common information model

Computer-aided design
system (CAD)

Vendors and software
developers

Computer-aided
manufacturing system (CAM)

Consulting companies)

y

................................... Marketing and )

Distribution system e-commerce

Fig. 4. An example of interaction of ERP system with external entities and their systems6

Financial system )

With schemes given above and on the basis of functional features one can create an
implementation plan of all subsystems, which eventually will become a powerful tool
for managing financial and economic activity of the enterprise.

® Built by the authors, based on the analysis of the functional structures of industrial

enterprises of Khmelnytskyi region
® Built using [1, 6, 13]
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5 Criteria of Criticality, Readiness, Speed and Costs in
the Enterprise Management System

The analysis shows that most companies are choosing ERP for help with specialized
consulting companies, but even with the involvement of external consultants, the
company should also attract its own experts who can influence the final decision.

Among the wide range of criteria to select the ERP system should be the following:
functionality of the system; total cost of ownership (acquisition costs, implementation
and support); guarantees of successful implementation; reliability, performance, sys-
tem perspective; efficiency and payback period of the project; support level by inte-
grator after implementation; level of service and the possibility of further develop-
ment of the system by our own specialists. The maximum effect after implementing
ERP is potentially dependent on selected priorities in automation of business process-
es at the enterprise. In our opinion, analysis of possible automation steps should be
carried out according to the criteria of criticality, readiness, speed and cost.

With the criticality criteria one can identify "problem areas” in the company, usually
subsystem of sales, marketing and advertising are analyzed to attract new customers and
retain existing ones. To enhance the efficiency of controlling over financial resources you
must first carry out automation of financial management and cost of production. First and
foremost, priority should be given to automation "problem areas" in view of the relation-
ship of their business processes with other enterprise activities (Fig. 5).

Cost planning for staff Planning ; ;
( training and retraining the advertising cost Planning marketing costs

= \

Planning for o mreemeneeeeon, Planning proceeds from
maintenance costs J—-  { Financial planning ; <— financing activities

( Sales planning ) ( Production planning )
i ( Procurement planning ) i
! Core business planning ( HR planning )

Fig. 5. Automation of the functioning of the financial and economic management’

Research [10, 16, 17, 18] shows that automation of financial and business enter-
prises can improve not only the effectiveness of operational control over the use of
funds, but also increase the effectiveness of sales and management subsystem, pro-
curement personnel management subsystem, marketing activities management sub-
system, etc. It may not be promising to develop your own automation block, but to
integrate an already existing module.

Here, in our opinion an important evaluation criterion is the readiness of enterpris-
es to introduce an integrated information system, which consists of professional and
psychological readiness of employees and managers. Lack of professional readiness
could lead to the rejection of the project or hiring third-party developers that will
increase the cost of implementation. Psychological readiness may be due to a signifi-

" Suggested by the authors
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cant increase in the functional responsibilities of staff and promote responsibility,
especially at the stage of development and implementation.

Another criterion that we have defined is speed implementation solution, when au-
tomating site is chosen because of the simplicity of the design and subsystems imple-
mentation.

Cost component is generally perceived by management as an investment, and tak-
ing into account the fact that ERP has a modular structure, it is recommended to start
a project with low-cost modules, in order not to risk losing the invested funds if for
some reason the project fails. Therefore, ERP introduction should be carried out on
areas of the enterprise where the maximum economic effect is expected, the imple-
mentation process will take place quickly and with minimal cost, and the staff is ready
to change and will be able to use benefits.

Selecting the type of ERP is difficult and responsible task, since these systems are
usually implemented for quite a long time (the average lifetime is 9 years) [5], they
should have expected functionality and reasonable price.

When purchasing ERP, you must consider the TCO, which in turn consists of the
following costs [4, 7, 16, 17, 19]: preparations for the project (audit of the company,
development of technical specifications, modeling etc.); installation, adjustment and
adaptation of the system to the specifics of the enterprise; simulation, testing and
experimental exploitation; purchase and installation of necessary equipment; training
(users and support personnel for follow-up); hiring additional staff technical support
of the system; transferring data from the previous system; ongoing maintenance and
support (salaries, purchase or repair of equipment, etc.); maintenance services from a
company-developer (hourly consultations, urgent revision etc.).

Since these types of costs can increase the cost of the system by times, compared
with the cost of the software itself, therefore, it is necessary to make a full pre-
calculation of costs.

6 Use of Advanced Development Tools and Support of
Economic Security

The analysis of information technology used in ERP is equally important. If the system
is based primarily on its own development, then there may be a strong dependence on
the supplier company [1, 4, 19]. In our opinion, it is advisable to use proven technolo-
gies, especially those oriented at industry. Especially for large and medium enterprises
we need to focus on the level of implementation of "client-server" architecture using
powerful database management systems of Oracle, IBM and Microsoft companies.

Considering the current tendency to increase competition in the market, you should
also take care of the security system to prevent unauthorized access and so on. It is
necessary to examine mechanisms for data exchange between structural divisions, set
a distributed data access, organize work in the sphere of identifying leaks or external
threats and so on. Of course, the organization of information security is based not
only on the use of software, but also on logistical organization, users’ experience and
their corporate culture.
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Effective functioning of ERP depends on the quality of service, including: the ability to
select the necessary and appropriate level of service for the customer; prompt response to
requests and ordered system of control over them; providing advice in real time; com-
pleteness of orders execution; free and prompt elimination of errors by the developer;
availability of favorable conditions for the supply of new versions, etc. [14, 16, 17, 18].

Research has shown that for automation systems of large and medium enterprises
in Khmelnytskyi region, the quality of service and support comes to the fore in the
long run, and so, when choosing ERP, you can sacrifice a certain functionality of the
system, but not the quality and completeness of the service and support.

In our opinion, as practical recommendations to domestic enterprises, before
choosing and implementing an ERP system, you need to use the following criteria and
pre-verify: the completeness of reflection in the system of national legislation, the
compliance with the procedure for the implementation of operations adopted in the
enterprise, the clarity of the interface and documentation to users, the functionality of
the system on similar enterprises, taking into account branch characteristics and spe-
cifics of own production, the possibility of branching out within affiliates, integration
with other management systems.

7 Conclusions

Based on the research and analysis of existing scientific approaches, the article as-
sesses the advantages of implementing the ERP system at the enterprises of mechani-
cal engineering, expertly determines its most significant impact on individual indica-
tors of the enterprises, determines the main criteria for modern management system
requirements to compliance with the resource planning concept. The authors offered
scientific and methodological approach to the application of planning methods for
various types of production depending on the volume of output and assortment, and
also described the advantages and disadvantages of automating business processes at
the enterprises in Khmelnytskyi region depending on the individual types of automa-
tion. The article defines a list of modules that appeared in modern ERP 11, singles out
differences between ERP and ERP II, and also provides examples of integration of
subsystems based on information flows and interactions with external business enti-
ties. The authors systematized the criteria for providing benefits of the development
or acquisition of ERP and suggested the use of advanced tools for developing and
maintaining the economic security of enterprises, and presented practical recommen-
dations on the use of ERP at the enterprises.

The results of the conducted research confirm that the introduction of the modern
ERP-system at the enterprise allows you to obtain competitive advantages and ensures
compliance with modern world standards for improving the company's rating, leads to
an increase in the market segment, sales growth, creates the ERP-system compliance
with the expectations of the head of the company, because it is the head of the enter-
prise who is responsible for setting the task and goals. The introduction of the modern
ERP-system also finds the factors of the false work of some departments of the enter-
prise; weakens internal audit, as the quality of external audit increases.
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Abstract. The intensive use of non-renewable resources and torn technological
cycles is the cause for the total destruction of the planet’s ecosystems. The tran-
sition of production systems to renewable resources and closed circular cycles
can ensure long-run sustainability of economic activities. Circular technologies
as the basis of business processes guarantee sustainable transformation of the
usual economy to digital one. The reproduction of economic activities in the
closed integral cycle  “production-interfacing-consumption-recycling-
production” is the principal condition for the successful functioning of business
processes. The scientific grounding, design and practical implementation of re-
productive circular business processes create the platform for building a digital
economy and ensures ecosystems sustainability.

The research focuses on the modeling, design and practical implementation (in-
troduction, testing, refinement, and adaptation to specific conditions) of repro-
ductive circular business processes. The research models economic activity and
communication of the economic agents in the main areas of the digital econo-
my.

Keywords: informational factors, networking, digitalization, reproduction,
phase transition.

1 Digital Economy Production Features

1.1  Key Transformation Factors

The digital economy differs from the traditional one through a significant increase in
the number of transactions. The last is due to the vanishing of geographical barriers in
the information society. Trading with minimal transactional costs in real time situa-
tions is possible. The emergence of digital platforms like Amazon, Airbnb, Uber,
eBay, and access to them through mobile smartphone applications made the exponen-
tial growth of world trade [1]. Globalization and open competition lead to an increase
in the level of competition between producers of goods and services. In the digital
environment, the higher survival rates could be achieved only with constant im-
provement/changes in business models (which is difficult for large enterprises).
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Humanity has passed several decisive stages of development and organization. At
the first stage, we lived in different nomadic tribes; on the second - we gathered in the
settlement (villages and towns), engaged in agriculture; on the third (thanks to steam
traction, industry, and transport) we increased human mobility and increased trade.
Today, with the Internet, social networks and various digital trading platforms, every-
one can be connected.

Several key factors mark the transition to the information society. First, the central
element of production and consumption is information (hence, the primary economic
system to which humanity is directed named "information economy"). Second, the
material influence of a person on the planet ecosystem decreases with times (hence,
the second name of the new economy is the "green economy"). Thirdly, there is a
continuous network of production and public life (because of this the third name of
the state is the "network economy™).

With the transition to the informational economy, all three groups of system-
forming factors are being changed: material-energy, informational, and synergetic. In
particular, within the first group the most significant events are the transition to re-
newable energy ('green™) and the formation of additive technologies based on 3D
printers. In the second group, the decisive transformations are computerization and
transition to digital forms of fixation of information, the creation of production cyber-
physics systems, and cloud technologies. The third group of changes is represented by
networking between production systems, virtual firms operation, the formation of
horizontal production and consumer systems, and the formation of the Internet of
things. Based on the transformations mentioned above we could state that the current
economic system is possessing postindustrial, digital and cognitive features.

The global transformation of socio-economic processes demands a constant trans-
formation of existing business models. In the digital economy, the laws of classical
economics, based on limited physical resources cease to work. The main resource of
the digital economy is data and information, the main capital of the digital economy is
ideas and knowledge. In such circumstances, changes take place at a higher pace,
changing the culture of business, approaches to management and organization of
companies.

The purpose of our work is to formulate theoretical approaches to the transition of
economics and society to new business models of reproduction cycles under the con-
ditions of the digital economy. This transition is necessitated by intensification of
global competition and technological companies that have arisen or adapted in a digi-
tal transformation have to switch to innovative business models.

1.2 Phase Transition to a New Economy

Many empirical facts prove the movement of economic life to new realities. Thus, the
share of energy produced from renewable sources reaches 25 percent [2], and in many
countries (in some periods), it reaches 100 percent [3-5]. Currently, around 30 coun-
tries have achieved the level of energy efficiency when renewable energy costs are
cheaper than traditional ones [5, 9-11].
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By the end of the 1980s, only one percent of the information in the world was in
digital form, by 2014, this share reached 99 percent [7].

In 1990, the Internet served only 0.05% for the Earth's population. In 2016, this
number exceeded half the planet's population [7].

Broad access to the Internet, the development of social networks contributed to to-
tal access to data and information. Most markets have become virtual, business mod-
els have been built on ideas.

Under the business model of reproductive cycles in a digital economy, we under-
stand such a model, which is a way of implementing business ideas on digital plat-
forms and is based on the use of predominantly information resources with the pur-
pose of reducing the cycles of reproduction (production, transportation, storage and
sale of products, as well as its consumption and recycling). In a digital economy the
competitive advantages are generated by intellectual capital (the combination of hu-
man capital and technology), the basis of reproductive cycles are business ideas, and
the main resource is large amounts of Big Data and information.

The short review of this paper allows us to cover only some aspects of digital soci-
ety problematic issues. The most urgent problem of the transition to the digital econ-
omy is the formation of a renewable mechanism for economic system operation.

2 Models of the Digital Economy

The specific feature of the digital economy model is customer-centricity. This fore-
seen not only the orientation of the business to meet demand by satisfying the needs
of the client, but it includes the transformation of the business structure itself. Thus,
customers are given the opportunity to create a digital and even business-friendly
environment. The client can configure groups of trading partners, social environment,
etc. and become a full member of the business environment. In the research literature
[7, 8] the digital economy distinguishes the following business models:

e Business models of joint participation, based on joint use (lease, sale, exchange).
Such models lead to a significant increase in social, economic and environmental
efficiency. An example is the BlaBlaCar fellow travel companion service.

e Business models based on technology and co-management. These models lead to
optimization of demand and supply. For example, mutual credit services.

e Business models that focus on a set of a critical mass of users to analyze large
data. Such models are the most attractive for investing. An example can be the ser-
vice for renting a private non-movable Airbnb.

e Business models of sharing space and time. The last one is based on the creation of
the technological zones infrastructure for joint entertainment, creativity, project
implementation. For example, the technical area of TalantGarden.

e Business models are aimed at optimizing business processes. For example, the
logistics company LardiTrans has developed a convenient platform for combining
the interests of carriers and cargo owners.

The above-mentioned business models create threats for traditional industries.
Many of the traditional businesses are not ready for such rapid changes. For example,

271



traditional hostels or taxis could not understand the nature of digital transformation
and offer no strategic responses to confront new threats. For example, we could ana-
lyze the post-soviet countries, when their products in the open digital environment are
absent or presented with non-competitive commodities in comparison with its price. It
must be recognized that the digital transformation of business must be based on con-
structive product changes, which is a source of value added increase. Such changes
can only be achieved by creating a digital and creative staff, which could generate
ideas for the quality of the goods being produced. To provide a digital flexibility,
enterprises need to implement the total digitalization of production and marketing;
that is, the creation of a digital foundation for business.

The speed of innovative changes implementation is on the edge of the digital econ-
omy. The last is necessary for the rapid conquest of the market sectors, which has
become possible due to digital trading platforms. Today, you can win millions of
users in a few days and create a threat to other companies.

3 The Model of Renewable Production Cycles

Considering the turbulent changes in economic development, it is necessary to guar-
antee the shift from traditional production and consumption of goods and services to
constant reproduction of producer-consumer cycles based on information technolo-
gies.

Schematically, the scope of information factors in the reproduction cycle has the
form: "production - interface sphere (technology transfer, transport, storage, trade) -
consumption - postproduction sphere” (fig. 1).

Production . Interface Consumption Postproduc-
sphere tion
e Transfer
e Transportation ]
e Storage |
e Trade |

Reproduction of technologies

Reproduction capital

Reproduction genetic material

Reproduction of final goods

Reproduction of human factors

Reproduction natural factors

Fig. 1. The influence of informational factors activities
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At the same time, this cycle may relate to the reproduction of a wide range of as-
sets: technologies, means of production (including information), final products, hu-
man capital, consumer cycles, and natural factors.

The process of modern production should be a system that reproduces the essential
interconnected elements. The main components of the reproductive mechanism of
production can be attributed to:

* reproduction of demand;

« reproduction of the production basis;

* reproduction of human factors;

* reproduction of motives.

The indicated reproduction mechanism can be realized only under the influence of
the constant operation of organizational, economic and social instruments that will
contribute to the digital transformation of the components of the economic system and
the processes.

It should be emphasized that informational factors are the key ones in the produc-
tion sphere forming, shaping its basic parameters (technology, product design, source
materials, natural conditions, means of production, space and time parameters, com-
munication, personal potential, motives of work, level of synergy, management poten-
tial, institutes, etc.).

A significant competitive advantage of modern products is its integration into the
Internet of things (Fig. 2), which allows controlling individual stages of the reproduc-
tion cycles.

«Smart» «Smart» houses Security
goods (heating, cleaning, etc.) (material, infor-
mational)

Medicine
(diagnostics, healthy
controls)

Transportation
(logistics,
exploitation)

Internet of
goods

Trade Industry Agriculture, environ-
(search, optimiza- (logistics, operation- ment (monitoring, con-
tion) al control) trol)

Fig. 2. Spheres of the Internet of thing applies

The participation of information factors in the functioning of a modern enterprise is
related to the implementation of specific functions, in particular:
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* Formation of information program (code) for operation in space and time;

« System adaptation of the changing internal and external environment;

* Implementation of operational activities;

* Integration of individual collaborators;

* Reproduction of physical and mental properties of performers;

* Innovative reproduction (product, technology, means of production, knowledge,
skills).

The critical role for digital technologies is given to human capital re-production and
the formation of individual characteristics (social memory, horizons, professional
competences, communication skills, self-learning skills, leadership skills, ability to
self-reproduce, motives). Information factors are decisive at modern consumption
pattern formation (knowledge, interests, needs, demand, skills, ethics, social responsi-
bility, infrastructure, communication, solvency, institutions). The caring capacity of
all information factors is digitization. In a digital economy, modern enterprises do
need to digitize the production processes. Moreover, the digitization should achieve to
the institutional level (Fig. 3), which is oriented to the standards of Industry4.0 and
Society 5.0.

The digitization has to cover first of all the following:

— Interconnection with suppliers should be implemented on a competitive basis
through digital tenders. The last creates the potential to influence the provider im-
age through the ability to provide digital ratings and ratings.

— Means of production and communications in the production process. This will help
to increase the quality of controlling to establish feedback between staff and means
of production and predictive analyses of production processes in general.

— Sales channels. A modern enterprise can use platforms that allow access to poten-
tial buyers and customers. Today it is not enough to limit itself to advertising in so-
cial networks. It is necessary to create conditions for the deep interaction between
the client and the enterprise.

— Management processes. Digitizing of production, marketing processes, and modern
management are faced with Big Data. The demand for business intelligence and
programmers in the field of Machine Learning is growing. Specialists who are ca-
pable of obtaining data and presenting it in a convenient perception form for deci-
sion making are urgently needed.

— Forecasting processes. Digital tracking of the market and focus on the best tech-
nologies is key to strategic planning.

The Institute for Transformation and Diversification of the Economy to the Levels of
Industry 4.0 and Society 5.0 foresees:

« the development of innovative information technologies to create new value-
added products, focusing on the development of the Internet of Things (1oT), artifi-
cial intelligence (Al) and robotics;

* creation of secure digital platforms for retail exportation;

« development of the local application of digital solutions;

« implementation of digital solutions in industry and society as a whole;

« digitization of socio-ecological and economic processes.
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Low competitive firm

e

The Institute of transfor- Institute of modern

mation and digitization to " . Institute of new
) cognitive and creative
Industry 4.0 Ta Society ! added value
50 human capital
[ High competitive firm

Fig. 3. Capacity building model for competitiveness improvement in conditions of the digital
economy

The second institute of modern business is human capital - the main reproductive
factor and generator of ideas and innovations. It is the human capital that creates
competition between states. In this case, developed countries have created appropriate
ecosystems to stimulate the development of the digital economy, which is aimed at
attracting the best specialists in the world. The world's leading countries are taking
advantage of the digital economy to manage human resources: The United States is
building a global surveillance system; Israel creates a supervisory regime on the West
Coast; The Russian Federation influences the opinion and choice of people around the
world; China is strengthening the internal system of control over society by collecting
data and building a network of internal ratings of citizens.

Therefore, the institution of a new cognitive-creative human capital should be ori-
ented towards: « New methods of training and preparation of cognitive-creative intel-
lectual capital of human capital.» Raising the welfare of human capital; « Innovative
methods of the positive motivation of human capital; Providing a high-quality, safe
environment for the existence of human capital.

Finally, the Institute of new value-added includes:

* Deep processing of natural resources and agricultural products;
« Creation of high-intellectual goods and services;

* Business development;

« Creation of high-performance jobs;

« Support for a new product that meets modern quality standards.

Consequently, the main drivers for the development of a modern firm are the insti-
tutions aimed at digitization; ecosystems (forming the infrastructure for support and
acceleration of innovations, development of digital entrepreneurship); motivational
complex, aimed at introducing incentives for human capital and business to digitiza-
tion; training and competency building (lifelong learning and digital competency
development for better use of digital opportunities).
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4 Conclusions

Modern production should be based on fast information reproduction, which is real-
ized through the formula: information product production (by information technolo-
gies) for information consumer. 2. Modern economic systems are an incredibly dy-
namic reality. This is due to the constant reproduction of the production and con-
sumption cycles and its components: consumer style, product, technology, means of
production, competencies, and methods of nature use.3. The most profitable sphere of
modern production is the generation of such informational products like innovation.4.
Ukraine has (and partially implements) a powerful potential for production and export
of innovations. An example is the organic agro-industrial complex, space sphere, IT
technology, and creative economy.
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Abstract. During making decision the logit and probit patterns serve to resolve
different issues based on statistical data regarding expediency or
inappropriateness: opening LTD, investing funds, hiring employees, entering a
new market, introducing innovations, etc. The purpose of the research is to
support the decision making in economic experiments using software tools and
logit and probit analysis. To achieve this goal, the following tasks are defined:
investigation of the range of application of the logit and probit models;
calculation of open data using the RStudio; development of decision support
models using open data sources.

Methods and technologies of research: logit and probit models to predict the
probability of dealing between traders of cryptocurrencies, cluster analysis of
investor profiles through principal component analysis.

To distinguish different types of investors we can use cluster analysis which
help us to reveal main types of risk-attitude investors. After that we can
construct correspondence between specific users and financial instruments.

Keywords: decision making, economic experiments, software tools,
cryptocurrencies, cluster analysis

1 Introduction

We studied criteria which affect prices of cryptocurrencies [1] and found out that
combination of supply, mining difficulty, trading volume, and news reaction for each
date can predict more than 70% of the price (we used Bitcoin for research). R.C.
Philips and D. Gorse studied how to predict cryptocurrency prices bubbles using
epidemic modeling and human reaction on social media [2].

Also, S. Colianni, S. Rosales, and M. Signorotti investigated cryptocurrencies
algorithmic trading techniques based on Twitter sentiments analysis [3]. C. Lamon, E.
Nielsen, and E. Redondo studied cryptocurrency price changes based on news and
Reddit sentiments [4]. Kim YB et al. in 2016 did significant research about how users
activities in communities affected prices of cryptocurrencies [5].

All researches we have mentioned above show that users activities affect prices.
However, we applied a different approach in this research. Our idea was to predict
cryptocurrencies prices based on their daily trading volume.

The decentralized digital currency Bitcoin presents an anonymous alternative to the
centralized banking system and indeed enjoys widespread and increasing adoption
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[6]. The digital currency market is considerably growing, especially in the most recent
years. Level of uncertainty in returns has significantly increased during the high-price
time period. The high-price regime phase has profoundly revealed consistent
nonlinear dynamical patterns in the Bitcoin market [7]. The virtual currency supply is
exogenous and therefore plays only a limited role in the price formation. Bitcoin is a
digital currency based on a peer-to-peer payment system managed by an open source
software and characterized by lower transaction costs, greater security and scalability
than fiat money and no need of a central bank [8]. Bitcoin will remain a niche
currency. Authors [9] analyze the time-varying behavior of long memory of returns
on Bitcoin and volatility 2011 until 2017, using the Hurst exponent. R/S method is
prone to detect long memory. Price volatility, measured as the logarithmic difference
between intraday high and low prices exhibits long memory during all the period.
This reflects a different underlying dynamic process generating the prices and
volatility.

The creation of cryptocurrencies has changed FinTech industry and it continues to
change it today,whereas people think that during 9 years nobody has found the real
use of cases for blockchain technology [10]. Now people still depend on banks,
because most countries did not define cryptocurrencies as national currencies; but in
the future the decentralized systems, such as Bitcoin, can substitute traditional
currencies. Also, due to continuously increasing digital society, financial services
providers are looking to offer their customers the same services to which they are
accustomed but in a more efficient, secure and cost-effective way.

In addition to mining (the process of extraction of the cryptocurrency), trading with
cryptocurrencies is popular nowadays. It is risky but on the other hand, it is a fast way
to get a great sum of money. For example, at the beginning of 2017, Bitcoin cost
lower than $1000 but in December 2017 it cost almost $20000.

The purpose of the paper is to support the investors’ decision making in economic
experiments using software tools.

The paper is organized as follows: chapter 2 characterizes logit and probit models
for data analysis; chapter 3 includes analysis of cryptocurrency data for trading;
chapter 4 describes cluster analysis for investors’ profiles that plan to invest in
cryptocurrencies; the last part concludes.

2 Logit and Probit Models for Data Analysis

Logit model is a regression model, where a dependent variable can have only two
alternative values "0" and "1". If dependent variable has more than two alternative
results can be analyzed in a multi-vector logistic regression. In economic sense
logistic regression is an example of a qualitative response to a discrete choice of
decision maker. The probability of an event is determined by the function (1):
1
P; :F(Zi):m 1)
where Z is a linear combination of independent factors.
The probit model is most often evaluated by probit regression using the maximum-
likelihood method. Assume that the response variable Y is binary, that is, it can have
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only two possible results, which we will denote as 1 and 0. We also have a regression
vector X, which affects the result Y, then the model takes the following form (2):

Pr(Y = 1|X) = ®(X"p), )
where Pr — probability; ® — cumulative distributive function of standard normal
distribution; p — parameters of maximum-likelihood estimation. In the matrix form the
regression will take following form:

Y*=X"p +¢, ©)
where ¢ ~ N (0, 1). Then Y can be considered as expression (4) if hidden variable is
positive:

1 Y'>0] 1 —e<X'B @
0 other 0 other

The use of a standard normal distribution does not lead to loss of universality versus
the use of arbitrary standard and average deviation, since the addition of a fixed
amount to the average can be offset by subtracting the same amount. The equivalence
of the two models has following form:
Pr(Y =1|X) =Pr(Y* > 0) =Pr(X"f + &> 0) =Pr(e < XTB) = ®(X"B) (5
Because the logit [11] and probit models [12] are very similar to each other, the
algorithm for constructing them is the same:
1. Determination of the dependent variable and factors
2. Construction of an independent variable, as a linear combination of
independent variables
3. Specification of the equation for the desired probability of an event
4. Conducting calculations (maximum-likelihood method)
5. Interpretation of results and evaluation of quality assessment
The differences between the logit and the sample of models are in the specification of
the random component &;, namely [13]:
1. in the probit of the model € ~ N (0,1) (standard random variables with
mathematical expectation 0 and dispersion 1)
2. inthe logit of the model €; ~ logistic, f () =e */ (1 + e ™) ? (special logistical
distribution N (0, 1.6%) with mathematical expectation 0 and dispersion 1.6°)
Let’s consider how price of cryprocurrencies impacts on decisions of potential
clients to buy (‘1°) or not to buy (‘0°).

3 Analysis of Cryptocurrency Data for Trading

Investigation of the dependence of the purchase and sale of cryptocurrency. Data for
the calculation was obtained from a public site,
https://finance.yahoo.com/cryptocurrencies (fig. 1).

It has been selected 5 the most popular cryptocurrencies such as: BTC (Bitcoin), ETH
(Ethereum), BCH (Bitcoin Cash), LTC (Litecoin), NEO.

Entering as a dependent alternating Yiq.s), equal to 1 to indicate that the currency
has been purchased and 0 that shows that the cryptographic currency has not been
purchased [14]. Introduced explaining variables in order to show the course of this or
another cryptocurrency from the first November 2017 till the 30th April 2018 (fig. 2):
X, - BTC, X, - ETH, X3 - BCH, X, - LTC, X5 - NEO.
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Fig. 1. Web-site of cryptocurrencies: https:/finance.yahoo.com/cryptocurrencies
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Ne Aata 2 Y1 *2 Y2 (BCH- ¥3 [{yes Y4 *= Y5

1 (BTC-USD) (ETH-USD) e e (NEC-USD)

2 I 1(01.11.2017 B6737,78 1 284,92 1 529,88 1 54,19 1 2462 1
3 2|oz2.11.2017 7152,12 i soas1 1| sez2,79 1| ssss 1 26,67 1
2 | 3losiiz017 7363,80 1| soo.0a 1| 526,04 1| saso 1 26,44 1
5 40411 2017 7363,80 1 296,82 1 614,26 1 54,60 1 25,24 1
6 s|os.11.2017 7389,55 1| 201,84 1| s2572 1| saso 1 26,23 1
7 s|o6.11.2017 6959,23 1| so7.3s 1| s=ssss 1| s0s2 1 26,15 1
8 707112017 7102,75 1 319,66 1 603,26 1 62,38 1 30,10 1
3 8los.11.2017 7129,59 1| 20686 1| s17,41 1| sais 1 31,89 1
10 sl[og.a1.2017 7129,59 1| =z1a23 1| sso09 1| 214 1 27.97 1
11 10/10.11 2017 6565,80 1 31460 1 995,40 1 62,14 1 28,39 1
12 [ 11113113017 6339,86 1| 33272 1| 132556 1| sssa 1 26,82 1
13 12[12.31.2017 6522,45 1| 33272 1| 137239 1| e100 1 28,22 1
14 | 13113112017 652245 1 331,20 1| 134596 1 62,13 1 29,59 1
15 | 14[14.11.3017 6597,06 1 EERER 1| 125163 1| s3.16 1 29,23 1
16 | 15[15.11.2017 7853,68 1| 33172 1| 118703 i| 7ovo 1 28,74 1
17 16|16.11 2017 7853,68 1 345,65 1 896,51 1 67,36 1 40,20 1
18 | 17[17.11.2017 7699,95 1|  ssaso 1| 1175,54] 1| .42 1 42,93 1
15 _18[18.11.2017 8042,64 1| =ss7.71 1| 124386 i 7238 1 40,00 1
20 19|19.11 2017 804264 1 360,52 1| 1175,66 1 659,91 1 35,52 1
21 20/2011 2017 8244,89 1 380,84 1| 124528 1 69,91 1 34,37 1
22 21[21.11.2017 8099,97 1|  aoes7 1| 1169,90] i| 7203 1 36,01 1
23 22|22112017 8234,55 1 470,43 1| 1298,62 1 72,94 1 34,67 1
24| 23123112017 8013,41 1 470,54 1| 1662,21 o 77.54 1 34,76 1
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26 25|2511 2017 8200,80 1 466,27 1| 1545,22 o 890,99 1 38,01 1

Fig. 2. Initial data of cryptocurrency rate

In order to track the dynamics of the cryptocurrency exchange rate at the initial
stage of calculations, we have created a chart (fig. 3). With a help of it we can make
out that only the BTC has significant fluctuations in value; the other four currencies
have minor fluctuations.
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Fig. 3. Change of the cryptcurrencies rate for 181 days

So let's start work directly with RStudio. Download the data from MS Excel to
RStudio (fig. 4):

Data <- read xlsx("C:/RStudio/cr.xlsx")
View (Data)

© | binomial_regression (2).R '] Untitled1* crypto '] Untitled2* Data e
Filter
“ Dara INDEPENDENT1 INDEPENDENT2 INDEPENDENT3 INDEPENDENT4 INDEPENDENTS DEPENDENT
1 20171101 6737.78 284,92 529.58 54.19 2462 =
2 20171102 715212 304,51 562.79 55.98 26,67 ‘;‘
3 20171103 7363.80 300.04 626.04 54,60 26.44 ;
4 20171104 7363.80 296,82 614,26 54,60 26.24
5 20171105 7389.55 29184 62572 54,50 26.23
6 2017-1106 6959.23 307.35 588,68 60,52 2615
7 20171107 7102.75 319.66 603.26 6238 30.10
8 2017-1108 7129.59 296.86 617.41 6415 3189
9 2017-11-09 7129.59 314,23 650,09 6214 2797
10 2017-11-10 6565.80 314,60 995,40 6214 2839
11 20171111 6339.86 334.72 1325.56 58,51 26.82
12 20171112 652245 334.72 1374.39 61.00 28.22
13 201711413 652245 331,20 134696 6213 29.59
14 20171114 6597.06 33032 125163 6316 29.23
15 20171115 7853.68 33172 1187.03 70.70 2874
16 2017-11-16 7853.68 346,65 896,51 6736 40.20
17 20171117 7699.95 354,60 117554 69.42 4293
18 2017-1118 804254 367.71 124386 7238 40.00
19 2017-11-19 804254 360.52 1176.66 69.91 35.52
20 20171120 824489 380.84 124528 69.91 3437
21 20171111 8099.97 406.57 1169.90 72,03 36.01
: 22 20171122 8234.55 470.43 129862 7294 3467 . -
< n L3

Showing 1 to 23 of 181 entries

Fig.4. Entering a table with data for calculations in the program RStudio

To start the calculation of regression and to work with it, we would enter the code
of called 'mylogit' [15] (fig. 5) and output the result using the 'summary"' function. It is
clear due to this function that we want to predict the dependence of buying a
cryptocurrency from the value of the rate on it. As an argument we specify: dependent
and independent variables; the location of the initial data; 'family' indicates that the
distribution type is binomial.
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= summary (mylogit)

call:
gIm(formula = DEPENDENT ~ INDEPENDENT, family = binomial(link = "Togit™),
data = pata, na.action = na.pass)

Deviance Residuals:
Min 1q Median 3q Max
-3.934e-04 -2.000e-08 2.000e-08 2.000e-08 5.B47e-04

coefficients:

Estimate std. Error z value Pri=|z|)
(Intercept) 4004,700 266688,912 0.015 0.988
INDEFENDENT -0. 386 25.708 -0.015 0. 988

(Dispersion parameter for binomial family taken to be 1)

Null deviance: 2.4155e+02 on 180 degrees of freedom
rResidual deviance: 6.5132e-07 on 179 degrees of freedom
ATIC: 4

Number of Fisher Scoring iterations: 25
Fig. 5. The calculation of the dependency of the dependent variable from the independent

A Result has been obtained, according to the results of the calculation that shows
remainders and coefficients. Since the calculation of regression [16] is made, we are
more interested in the coefficients from which the following picture is seen. The Pr (>
| z |) indicator shows whether the coefficients are statistically significant or not.

Since in this case Pr = 0,988 it means that statistical significance exists. This
calculation shows that the change in the rate of cryptography with a probability of
98.8% affects the decision to buy / sell cryptocurrency. The buyer during decision
making compares and analyzes the cryptos and then he/she chooses cheaper
cryptocurrency. So, the change in the price of cryptocurrency with a probability of
98.8% affects the decision to buy / sell cryptocurrency.

But the most important is the value -0,386, it means that in spite of increasing the
cost of cryptocurrency of 1 currency unit the value of the logarithm decreases by
0,386 or 3,86%. But actually, these data form are not quite convenient to interpret, it’s
much more better to make the logarithm to the odds ratio through the exponent:

> exp(mylogit$coefficients)
(intercept) INDEPENDENT
Inf 0.679769

So, after calculating the exponent, we can say that with the increase of independent
variables (price) for 1 currency unit, the ratio of chances of buying a cryptocurrency
increases in 0.68 times. The next step of the calculation is to calculate the general
level of significance (adequacy) of the model. This action can be done in following
way: compare the residual deviation of the model with the deviation of the zero
model; calculate the number of degrees of freedom; determine the level of
significance correspondingly:

> mylogit$null.deviance-mylogit$deviance
[11241.5509
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> mylogit$df.null -mylogit$df.residual

(111

> dchisg(mylogit$null.deviance-mylogit$Sdeviance,
mylogit$df.null -mylogit$df.residual)
[1]19.063528e-55

The calculation of the significance level of the model indicates that if this level is >
0, then our independent variable would affect the dependent. And the higher the given
indicator, the greater the impact is carried out. After calculations of regression to the
level of significance (adequacy) of the model, the result was obtained in the form of
the value 9.063528e-55. Once again it proves that the cost of the rate on the
cryptocurrency in the operation of buying and selling currency affects the buyer's
decision in almost all cases.

But getting only one result is not enough. Metrics must also be present to show the
quality of the models. In this case, the ROC curve will be used, this chart allows us to
assess the quality of the binary classification.

Using the ROCR begins with the creation of a prediction object; the 'prediction’
function will be also used to convert the input data (which can be in vector, matrix,
data frame, or list form) in the standard format to continue to build a chart.

> library (ROCR)
> a<-predict (mylogit)
> pred<-prediction(a,Data@DEPENDENT)

After connecting all the necessary libraries, we need to get the 'tp' (true positive)
parameter with the ‘pred’ function which is a vector of predicted labels (highlight
'pred’ then press the Ctrl + Enter key combination) (fig. 6) to use them to construct the
chart.

Console  Terminal ==

-1338.032093 -1341.58616 -1492.17681 -1550.86496 -1552. 36640 -1553.23112 -1580.17400 9
63 71 69 40 64 65 57

-1690.42782 -1754.25715 -1776.13576 -1808.33977 -1845.78987 -1854.B4548 -1946.15802
51 36 39 43 50 68 41

-2029.33397 -2077.36790 -2189.71416 -2282.04972 -2349.65817 -2413.B0762 -2454.07178

38 66 2 67 a 5
-2499, 55821 -2539.88367 -25B80.72443 -2623.84688 -2759.48776 -2790.81200 -3318.65876
7 46

-3354.70774 -3462.70318

slot "fp":
[l
[1 o o o o o0 0 0 00 0 OO0 O0OOOOOOOOOOCOOOOO0O OO 0 0 0
[30 c o o o 0 0 O 0 0C 0 O 0CO0O0OO0OOO0OO0OO0OO0OO0OCO0OCO0OO0O 0O 0O 0 0 0
[59 9 o 0 0 0 O0O0O0O0QCO0QCOo0QOGoQOQoQGoCO GO GoC 0O 0 0 0 0 0 0 0 0 0 0 00
[es 0 2 3 4 5 6 7 & 91011 12 14 15 17 19 20 21 22 24 25 26 28 29 30 31 32 23 34
[117] 236 37 38 40 41 42 43 44 45 46 47 48 49 50 51 52 52 54 55 56 57 58 59 60 61 62 62 64 65
[146] &7 68 69 70
51ot "tp
[[1]]
[1] 0 1 3 4 5 6 7 8 9 10 12 14 15 16 17 18 19 20 21 23 24 26 £}
[23] 27 29 30 31 32 34 36 38 39 40 41 42 43 44 46 47 48 49 50 52 53 55
[45 56 57 58 59 60 61 62 62 65 67 68 F0O 71 73 74 75 76 77 79 80 81 82 o)
[67 85 86 87 88 89 90 91 92 94 95 97 99 100 102 103 104 105 106 108 109 110 111
[89] 111 111 111 1311 111 111 111 111 1311 1131 111 1131 111 111 111 131 2131 2131 111 131 111 111
[111] 2121 221 233 3331 1331 31331 31331 131 1331 133 133 133 133 133 133 133 1313 1313 133 1313 13131 111
[123] 2111 2111 2111 131 1311 1311 1131 131 1331 133 133 133 1331 133 1131 1131 111

Fig. 6. Getting the 'tp' parameter for future calculations
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The next step is to construct the True positive rate' curve (fig. 7), using previously
obtained data.

True positive rate
00 04 08

T T T T T
-3000 -2000 -1000 0 1000

Cutoff

Fig. 7. Graph of the ROC curve

Let's proceed to the calculation of the area under the curve, cause it is more rational
and better for future calculations. In order to do this, we would insert an additional
change called 'perfl’, and we construct a graph (fig. 8).

10

Precision
0.8
I

0.6

1 | | 1 | |
0.0 0.2 0.4 06 0.8 1.0

Recall

Fig. 8. Graph to calculate the area of the curve

In order to calculate the area under the curve of the graph, we need to use the
function 'auc’ (Area Under Curve).

> auc <- performance (pred, "auc")
> auc <- unlist(slot(auc, "y.values"))

Having completed this calculation, the platform showed the 'auc' = 1 (> auc). It
means that ratio of the number of correctly and incorrectly classified attributes to the
selected values is perfectly suited.
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Having completed the calculations, we have the following general form of the code
(fig. 9), and the data (fig. 10).

Source on Save Q A - = Run il 4 Source =
1 Data<-read_x1sx("C:/Rstudio/cr.xIsx") -
2 wview(Data)
3
4  mylogit<-glm(DEPENDENT~INDEPENDENT ,Data,family=binomial(1ink = "logit"”),na.action=na.pass)
5 summary(mylogit)
6
7 Exp(mylogiticoefficients)
8
9 mylogitinull.deviance-mylogitideviance
10
11 mylogitsdf.null-mylogitsdf. residual
12
13 dchisq(mylogitinull. deviance-mylogitideviance, mylogitidf.null-mylogitidf.residual)
14 L
15 Tlibrary(rocr) 3
16 a<-predictimylogit)
17 pred<-prediction(a,DatasDEPENDENT)
18
19 pref<-performance(pred, "tpr")
20 plot(pref)
21
22 perfl<-performance(pred, "prec", "rec")
23 plotiperfi)
24  auc=-performance(pred, "auc")
25 auc<-unlist(slot(auc, "y.values"))
26
27 minauc<=-min(round(auc,digits = 2)) B |
28  maxauc<-max(round(auc,digits = 2))
29 minauc=-paste({c("min{AuC)="),minauc,sep = "")
30 minauc=-paste(c("max(AUC)="),maxauc,sep = "")
31 legend(0.2,0.8,c(minauc,maxauc, "\n") ,border = "white",cex = 1,7, box.col = "red") =
Fig. 9. Completed code
Data -
Dcr 181 obs. of 3 wariables
D Data 181 obs. of 3 wariables
Dmylogit List of 30
D perfl Formal class performance
D pred Formal class prediction 3
D pref Formal class performance
values
a Named num [1:181] 1404 1244 1162 1162 1152 ...
auc 1
maxauc 1
minauc "max{AucC)H=1" S

Fig. 10. Used data during calculations

4 Experiment Evaluation of Investors’ Decision

Estimation of probability to be purchased or not for different cryptocurrencies gives
us opportunity to develop investment plans [17] for investors with different
investment goals and risk attitudes using open dataset
(http://www.di.uniba.it/swap/financialrs_data_uniba.zip) of investors profiles.
In this case we quantified our ordinal data:

* Risk profile=[very low; low; normal; high; very high]=[1, 2, 3, 4, 5];

« Investment goals=[very low; low; normal; high; very high]=[1, 2, 3, 4, 5],

» Sex=[male, female]=[0, 1].
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R tools can process our dataset using principal component analysis (fig. 11) to
disclosure main types of investors to prepare investment plans for them using
financial instruments such as cryptocurrencies [18, 19].

©) rstudio - u ®

File Edit Code View Plots Session Build Debug Profile Tools Help

° .op - - agans - 1 project None

Rhistary® h =  Ewionment History Comnections =0
> Q, = “import Datasst + & List -

ﬁ? ci:;(riaa.tameune = CITent.TXT , neaer = IRUE, Sep =  J ' | dl Globot Enwironmert -
114 library("HSAUR") pata
ﬁ; }:gg;gsg;{;g agreed_portfalios 14533 obs. of 4 variables
117 lbrary(-imest™) chem 1183 obs. of 1 varisble
118 Tibrary(“glmnet") n 1183 obs. of 5 variables

119 Tibrary(“ggplor2”)

120 Tibrary("aiplor"y h.pca List of 5

121 h < read.table(file = "client.txt”, header = TRUE, sep = ";") ke List of o

e PR

12 descrive(h) cash int [1:14533] 7411 10254 130 586 99 957 2618 493 4805 2.
125 cor(h) pcal num [1:1183] 3.144 -0.28 0.983 -0.264 1.032 ...

126 h.pca<-prcomp(h,scale. = TRUE) Vi Named num [1:5] 0.0665 0.6887 0.6643 -0.2445 -0.1421
127 h<-select(h,-sex)

128 view(h)

120 view(h)

130 cor(h)

131 h.pcac-prcomp(h, scale. = TRUE)

132 peal<-h.pcasx[,1] Files  Plots Padages Help  Viewer =0
133 vich.peairoretion 3] 2 Toon | Biart~ | O | £ Sy

vl
135 head(pcal)

137 plot(h.pca)
138 biplot(h.pca,xlim=c(-1;1)) -150 100 50 O 50 100 150

130 biplot(h.pca,xlim=c(-1.1)) I I L ! !
140 biplot(h.pca,xTim=c(-0.5,0.5))

60

e

40

risk -0.07621323 ~
dinvestment_goals -0.06442867
0.02626187
amount 1.00000000
> h.pca<-preomp(h, scale. = TRUE)
> peale-h.peatxl, 1]
> vi<-h.pcasrotation[,1]
> vl

1
20

PC2
000 005 010 015 020
L

client risk investment_goals age
0.06654032 0.68871415 0.66428895 ~0.24445688 4

-0.14214861 o
> head(pcal) =
[1] 3.1440212 -0.2798855 0.9827714 -0.2643952 1.0323214 -0.6770764 Q
> summary(h. pca)
Importance of components: T

PC1 PC2 PC3 pPC4 PCS
sStandard deviation 1.3216 1.0528 0.9896 0.9291 0.54991 04
proportion of variance 0.3493 0.2217 0.1959 0.1727 0.06048
cumilative Proportion 0.3493 0.5710 0.7669 0.9395 1.00000 PC1
> plot(h.pca)
> biplot(h.pca, xlim=c(-1;1)) v

Fig. 11. Visualization of clusters for investors with different attitude to risk

Cluster analysis of estimated data for 14532 investors (fig. 12) revealed 3 types of
investors:

o 1% type of investor: for the risk-aversing client, who invests in
cryptocurrencies, the yield and the risk will be lower.

2" type of investor: for the risk-seeking investor, the yield and the risk will
be higher.

¢ 3" type of investor: for neutral type of investor, the yield and risk will be
lowest.

Principal component analysis using command biplot reveals that 1% main
component includes risk (abscissa axis), whereas 2™ main component consists of
investment goal (ordinate axis). The most investors are risk neutral, second largest
group of investors (upper) is risk-averse. The shortest group (below) includes risk-
seeking investors.

Thus investors who take part in trading of cryptocurrenices can be potential clients
of financial services which construct different investment plans for different risk
attitude clients and their behavior after price changing of cryptocurrencies.
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Fig. 12. Clusters analysis for investors with different risk attitude

5 Conclusions

As a conclusion of the giving research it is necessary to note that we have found a
dependency between the independent variables (the value of the cryptocurrency), and
the dependent variables (whether it would be bought or not). The effect of the
cryptocurrency rate almost 99% affects the purchase and sale of the currency. 1%
describes those buyers for whom the price is not of the great importance, or they have
personal preferences, or they are not afraid to take risks. If the price of cryptocurrency
increases from its average value, then the chance of the currency to be purchased will
be decreased in the inverse proportion.

As a result of simulation experiment through the application using real data from
open sources we have revealed that that there were 3 group of investors (especially
risk-seeking clients) with different risk attitudes who can invest in different financial
instruments such as cryptocurrencies.
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Abstract. The algorithm of the application of Google Earth software tools for
the processing of satellite data about storage facilities of domestic waste is de-
scribed. The authorized areas of domestic waste and spontaneous dumps have
been identified by number, area and characteristics in the city of Kyiv and in the
suburban area. It was found that most dumps are located at a dangerously close
distance from residential development, which in some cases exceeds the norma-
tive indicators. The authors used the methodical approach in defining the area
which is unsuitable for housing development and growing of agricultural crops
as well as the area of environmentally destructive influence around the dumps.

Keywords: geographic information system, geospatial analysis, tools capabili-
ties, domestic waste, dumps, ecologically destructive influence.

1 Introduction

The main problem of waste management in Ukraine is that the predominant amount
of domestic waste is utilized by the landfill method, designed to gradually decompose
of waste in the natural environment. At the same time, the mass phenomenon is spon-
taneous garbage dump, which spreads rapidly throughout the area of country.

It is as necessary to identify the placement of authorized landfills for storage of
municipal solid waste (MSW) on the territory as unauthorized dumps, to identify its
actual characteristics, to define the actual area of its ecologically destructive influence
on the residence of the population and agricultural land. The use of modern geograph-
ic information systems (GIS) allows conducting such identification and evaluation.

It is important to build an algorithm for the detection of garbage landfills and
dumps with application of GIS tools capabilities and to evaluate the data obtained to
substantiate offers of the waste management in the country.
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2 Theoretical and Methodological Backgrounds

Nowadays GIS are widely used in different fields. There are many definitions for
a geographic information system. The most famous definition of Aronoff, S. (1989):
A GIS is a computer-based system that provides the following four sets of capabilities
to handle geo-referenced data:

1. input,

2. data management (data storage and retrieval),
3. manipulation and analysis, and

4. output [1].

Y. Shokin and V. Potapov (2015) compared many definitions of GIS in scientific
literature and described GIS as an information system that provides for the collection,
storage and analysis of spatial information, that is, as a geographic information ser-
vice [2].

The first developments of the virtual digital platform for Earth monitoring, known
as Google Earth today, appeared in 1998. The methods which are used to develop
algorithms for this platform have become typical in the development of other geo-
graphic information systems.

Today, separate GIS and based on integrated GIS electronic atlases are used for:

 monitoring of the state of land use and the assessment of the condition of agricul-
tural lands;

» cadastral accounting of land, water, resources, as well as resources of forestry and
mineral deposits;

* assessing the status of garbage landfills and detecting unauthorized dumps;

* studying and evaluating biodiversity and ecological status of the territories;

* detection of emergency situations (oil spill, fires, flooding, etc.).

Modern researchers have expanded the scope of GIS. In particular, N. Sianko and
M. Small (2017), T. VoPham (2018) argue that geospatial data are useful in solving
problems associated with demography, population migration and health. T. Paientko
(2018) in her work shows the possibilities of using GIS in the development of reforms
in the field of public finance [5]. W. Zhou (2018) demonstrates applications of GIS
and remote sensing in landslide hazard assessment.

The use of geospatial data has a number of undeniable advantages, the main of
which is that these data are available for free general use, as noted by H. Niska and A.
Serkkola [7].

The constant growths of living standards in the world and the changes in consumer
goods have negative externalities, and H.W. Gottinger (2018) highlights the problem
of waste accumulation as one of them. It is important to respond in a timely manner to
the negative consequences of waste management, to identify areas of unauthorized
dumps. J.F. Salsa and J.L. Gallego (2018) emphasize the need to introduce monitoring
systems for the main places of its accumulation in dynamics. As T. Matsuda and Y.
Hirai (2018) confirm, monitoring the dynamics of waste quantity and its structure are
an effective method in developing scenarios to cover its negative effects. Correct
structuring of waste components can greatly facilitate its processing and reduce ex-
penditures of its utilization.

290



O. Trofymchuk and V. Trysnyuk (2014) combines the methods of remote sensing
of the Earth and GIS for inventory of waste disposal area with methods of mathemati-
cal modeling and emphasize its importance for the comprehensive study of sources of
influence and ultimately for making well-considered decisions in improving the envi-
ronmental situation in the natural-technological system [11].

Accumulation of significant volumes of data contributes to the development of the
intellectual analysis of geospatial data, which is provided on the basis of information
about the geospatial locations of objects in local and global systems of coordinates
and have a certain number of regularities and dependencies in large databases. Ana-
Iytical capabilities of modern instrumental geographic information systems are quite
diverse. There is the mention by R.N. Clark and G.A. Swayze (2003) that several
dozens of different analytical procedures consist of package of blocks with advanced
analytical capabilities (packages ARC/ INFO, IDRISI, MGE, PCRaster), arise from a
possible simple time analysis and modeling. It should be noted that implemented in
different GIS packages analytical procedures have close components. It allows con-
sidering the method of GIS analysis, which is the main information potential, without
taking into account specifics of GIS packages [13].

First of all, it is necessary in the study to select certain objects in space, in order to
limit the scope of research, using the functions of data selection. Such allocations can
be made spatially or on the basis of attribute data which are related to spatial objects.
The method of data selection is a request of spatial choice. These requests can be
combined or executed in a certain sequence to obtain the final result.

Google Earth is a project of Google company that provides satellite imagery (or, in
some cases, aerial photos) over the entire terrestrial surface on the Internet. According
to N. Gorelick and M. Hancher (2017) photos of some regions have an unprecedent-
edly high resolution of images. Virtually the entire surface of the land is covered by
images which are obtained from Digital Globe and have a resolution of 15 m per pix-
el. Separate surface areas (capitals and some large cities) have even more detailed
permission. Data of terrain elevations have a clearance of about 90 m (about 30 m in
the US) horizontally and vertical accuracy — up to one meter.

Google Earth uses Keyhole Markup Language (KML) markup languages to repre-
sent geospatial data. A KML file can contain (in the URL form) links to other KML
or KMZ files (KML file extensions) which are hosted on the network. It is possible to
specify conditions, the regularity of loading and displaying data from these sources
[15]. Objects inside the KML file can be organized in hierarchical structures of fold-
ers and subfolders in order to easy share or disable images of logically interrelated
groups of objects.

Google Earth has a large arsenal of layers, there is the ability to manually select da-
ta to display, there are labels (marker and polygon) and various tools for processing
satellite data.

The authors have developed a methodological approach to define the area of in-
tense pollution that is unsuitable for normal use (housing development and growing of
agricultural crops) due to the significant ecologically destructive influence of dumps.
For this purpose, it was used standards of State Construction Norms (SCN) V.2.4-2-
2005 "Polygons of municipal solid wastes: main provisions of design" (2015), which
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states that the distance from residential and public building (sanitary protection zone)
should be 500 m, from agricultural land — 200 m. For calculations, the distance indi-
cator from the MSW landfill is 500 m. Although, in our opinion, this distance is not
sufficient for the comfortable residence of the population, especially with increasing
volumes of the MSW landfill outside.

To simplify the calculations, it was assumed that the area of the polygon in the
form of a circle. Authors’ formulas were used, which are based on the calculations of
the circle area, where the radius is the sum of the radius of the landfill MSW and the
radius of the zone of its influence.

The total area of the sanitary protection zone around the MSW landfill (including
the MSW landfill) can be calculated by the formula:

Sspz = n*(z\/é + 500)? ®)
where,

Sspz — area of the sanitary protection zone (m?);
A — area of the MSW landfill (m?);

z|A
\/; - the radius of the MSW land(fill area in the form of a circle(m);

500 - the radius of the sanitary protection zone (m).

It should be noted that similar dimensions of sanitary protection zone are installed
in Turkey and Greece — it is also 500 m, in Serbia is 1 km and in UK is 2 km.

Zone of ecologically destructive influence of dumps on the residence of the
population is zone within which the inhabitants of the surrounding settlements
experience considerable discomfort due to the unfavorable state of the atmospheric air
(evaporation and stink) and water resources (unsuitability for drinking), and so it has
influence on their state of health. In our calculations we used standards of SCN V.2.4-
2-2005 "Polygons of municipal solid wastes: main provisions of design™(2015), which
defined that the distance between the MSW landfill and limits of the resort town, open
water reservoirs, reserves, resting places of migratory birds, sea coast should be 3000
m. In addition, according to the results of surveys which were conducted by us
inhabitants of villages near MSW landfills, outside the distance of 3000 m complaints
about the adverse influence and consequences are reducing (Fig.1).

The total area of ecologically destructive influence zone of MSW landfill
(including the MSW landfill) is defined by the formula:

Sediz = n*(z\/% + 3000)? 2
where,

Sediz — area of ecologically destructive influence zone (m?);
A — area of the MSW landfill (m?);
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z|A
\/; - the radius of the MSF land(fill area in the form of a circle(m);

3000 - the radius of ecologically destructive influence (m).

10 ha, area
of MSW

500 m — the radius of
the sanitary protection
zone

1

3000 m — the radius of
ecologically destruc-
tive influence

—_— I I J

Fig. 1. Scheme of zone of intense pollution and zone of ecologically destructive pollution
around MSW landfill.

Authors offer to define efficiency of utilization of domestic waste by its processing
with the help of increase in the function of public welfare.

3 Identification of Dumps and Its Real Parameters with Use of
GIS

3.1 Case study of garbage polygons, calculation of sanitary protection zones
and zones of ecologically destructive influence

The fire at MSW landfill in Lviv city demonstrated that Ukraine is on the edge of an
ecological catastrophe due to improper utilization of domestic waste. According to
official statistics for 2014-2017, there are 296-366 million tons of waste is produced
each year in Ukraine, by the end of 2017 more than 12.4 billion tons of waste has
been accumulated in specially designated places for its disposal [17].

According to the calculations of zone of intense pollution (sanitary protection
zone) with standard distance of 500 m (according to formula 1), MSW landfill with an
area of 1 hectare (ha) leads to unsuitability of 98 ha of land for the residence of the
population and cultivation of agricultural crops, while landfill with an area of 10 he
transforms to the exclusion zone — 144.5 ha, etc. (Fig. 2).
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Fig. 2. The dynamics of the expansion of the area of intense pollution,
depending on the area of MSW landfill, ha

According to calculations of zone of ecologically destructive influence with a de-
fined distance of 3000 m (according to formula 2), MSW landfill with an area of 1 ha
leads to unfavorable conditions for residence of population and decrease in the quality
of cultivated agricultural products on 2933.3 ha of land. For the size of a landfill of 10
ha, this area is growing to 3172.2 ha, etc.

Definition of the area of ecologically destructive influence of MSW landfill and the
need for its legislative regulation, along with the currently established only sanitary
protection zone, is important, including for the compensation (material or otherwise)
for residents of the surrounding settlements. This tool will become more and more
important taking into account organized protests of residents against dumps near their
settlements.

It was used the tools capabilities of geospatial analysis with the help of Google
Earth service for the identification of dumps (including unauthorized ones) and its
characteristics on the territory of Kyiv city and in the suburban area.

The "Placemark" tool is used to select and save data about the user-selected place
on the map. There are several types of marks in Google Earth, which are dot markers
in the form of a marker that has only one coordinate point and polygons with a certain
number of coordinate points on the plane. The polygon mark serves to highlight an
arbitrary shape object. Since the places of domestic waste storage occupy different
size of areas, location of garbage landfills and dumps were highlighted with the help
of the polygon mark (Fig. 3 and 4). The detected garbage landfills in Kyiv city and
the adjacent 20-kilometer area in the amount of 30 units are saved on the local disk as
marks.

294



Further processing of the data involved the insertion of a shape-file into the QGIS
software environment (QuantumGIS — a free cross-platform geographic information
system) for transforming from a vector layer to a raster (rasterization). The prelimi-
nary steps are required to perform the sample, which involves segmentation (cluster-
ing) and classification (grouping) of satellite imagery.

According to the Google Earth software, the following characteristics of MSW
landfills and dumps on the territory are investigated: perimeter and area of the landfill
or dump, changes which occur in the dynamics (for a certain period of time), perime-
ter and area of ecological destructive influence, distances to residential buildings and
agricultural land.

According to data of satellite (a fragment of the satellite map is depicted in Fig. 3),
it is defined that the actual area of MSW landfill Ne 5 in Pidhirtsi village, Obukhiv
district, Kyiv region is 80 ha, while officially documented only 63.7 ha [18].

The distance from the landfill to the residential zone is 450 m and to the cultivated
agricultural land is 700 m.
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Fig. 3. Cartgraphic image of MSW landfill Ne 5 in Pidhirtsi village of the Kyiv region

Our calculations according to the formula (1) show that the total area of unsuitable
for agricultural use and the residence of population is 317 ha. The area of ecologically
destructive influence of landfill on the residence of population and agricultural land is
3857.0 ha.

Similar researches on the construction waste landfill Ne 6 showed that it is located
within the city of Kyiv in the Holosiivskyi district not far from residential micro dis-
tricts and has an area of about 20 ha according to the satellite (Fig. 4), while accord-
ing to official documents is 11.6 hectares [18].

It is established that the waste have significant part of domestic garbage that is not
specified in the operational documents. Domestic waste and scrap metal continues to
deliver to landfill. The active use of the polygon illustrates the dynamics of growth of
garbage and changes in its surface. However, there are no waste utilization and aera-
tion systems. The area near the landfill is an industrial zone and is guarded.

295



Seah

oop -«

Fig. 4. Cartographic image of landfill of construction waste Ne 6 in Kyiv city

It should be noted that slightly distant of landfill Ne 6 to residential districts is only
200 m (while this distance for landfills with domestic waste should be at least 500 m
according to state design standards and to the city is 1 km). Taking into account the
significant share of domestic waste at the landfill, the total area of unsuitable for agri-
cultural use and residence of the population is, according to our estimates, is 177.8 ha.

Taking into account the negative influence of the polygon on the ecosystem, the
conditions in the surrounding areas like the village Korchuvate, the National Museum
of Folk Architecture and the open-air "Pirogovo" and other neighbor districts are un-
favorable for residence and for rest of population. The ecologically destructive influ-
ence of this large storage landfill of construction and other wastes extends to the
whole Holosiivskyi district, which is not only densely populated, but also due to the
location of the Holosiivskyi Park and the wide forest with lakes, the Natural Park of
Feofania, the National Exhibition Center, a number of religious shrines, is an attrac-
tive place for the rest Kyiv citizens and guests of the capital. In addition, this area is
widely positioned as an ecologically clean area. Therefore, the landfill Ne 6 does not
contribute to the confirmation of the eco-image of this district.

It is annually formed about 1.7 million tons of waste of I-IV classes of danger in
Kyiv, from which 258.6 thousand tons are burned, that is, only about 16%, the rest is
accumulated in specially designated places for storage, that is, at the landfills [17].

According to satellite data, 30 landfills and dumps in Kyiv city and at a distance of
20 km from the city cover an area of over 160 ha. According to our calculations (for-
mula 1), the area of intense pollution around landfills is 462.6 ha, and the area of eco-
logically destructive pollution is 4330.8 ha. It is obvious that low-yielding, unsuitable
for agrarian use land were allocated under the garbage landfills, but the negative in-
fluence of these landfills and spontaneous landfills extends to adjoining cultivated
agricultural lands and areas of population residence.
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3.2. Participation of stakeholders and its functions in the processing of domes-
tic waste

The prevalence of waste storage/disposal in Ukraine doesn’t accord to European
practice and doesn’t approve by international community according requirements for
proper waste management. In particular, European Union strive to process over 20%
of plastic by 2030, and to make all packaging plastics easily processed (currently 65%
are processed) or reused.

For a long time, the task of waste management in the country is urgent. According
to this aim, it is necessary to develop and purposefully implement the relevant organi-
zational and economic mechanism, with the involvement of GIS data and a defined
sequence of actions of so subjects as waste producers and other stakeholders.

A wide range of stakeholders should be involved in setting up the garbage pro-
cessing with their functional responsibilities ( Fig. 5).

Legislative
Waste and
recycling executive
bodies

Local
authoritie
S

Designation in the scheme:

1. Introduction of the land market, the abolition of VAT on the import of garbage pro-
cessing technologies, the abolition of the profit tax for garbage processing enterprises

2. Informing the public about the state of the environment using GIS, introducing penalties
for non-sorting of domestic waste

3. Garbage sorting

4. Public control over the activities of local authorities, definition of characteristics of enter-
prises for the processing of garbage

5. Allocation of areas for storage and garbage processing on the basis of GIS observations

6. Investing in garbage processing

Fig. 5. Participation of stakeholders in the garbage processing
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The following sequence of actions for improvement of domestic waste processing
is offered:

1) A media advocacy company (television, radio, internet) which explains the ben-
efits of waste sorting and waste management options. At the same time, it is important
to demonstrate clearly the data of satellite observations about the danger of dumps
near the cities and villages for the life of its inhabitants and for the quality of agricul-
tural land,;

2) Implementation of ecological tax for the population;

3) The combination of both of the above measures (i.e., a part of society will sort
domestic waste in accordance with the established procedure, and the other — will pay
penalties at sufficient quantity for the cost of sorting garbage).

Since Kyiv, due to the large number of citizens, higher levels of their income and
consumption, produces a large amount of garbage per person, then it is advisable to
start implementation of sorting system and further processing of domestic waste ex-
actly in this city. It is necessary to build a modern complex of waste processing which
will be based on recycling. As experience of European countries shows, the average
level of profitability of MSW utilization plants is at the level of 3%. Other settlements
will support the initiative to organize the sorting and processing of waste if the com-
pany is successful.

The components of the growth function of the public welfare from the implementa-
tion of the recycling and investment system in the processing of waste can be calcu-
lated by the formula:

AW = AW, + AW, + AW; + AW, (3)

where,

AW, — improvement of the health of the population due to improvement of envi-
ronment;

AW, — increase due to the production of qualified agricultural products from terri-
tories without influence of dumps because of taken actions;

AW, — the cost of raw materials which are produced by waste processing enterpris-
es;

AW, — increase of employment

Offered components for calculating the growth function of the public welfare are
readily quantified and reflect the bulk of the effect of society on the establishment of
system for processing of domestic waste.

The efficiency of utilization of waste by processing it from the standpoint of public
welfare is equal to:

AW
EW/S = E' (4)

where,
AW — growth function of the public welfare;
AS — increase of expenses for waste processing.
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Increase of expenses in the case of utilization of waste by proper processing is
equal to the sum of components:

where,
AS; — increase of time expense by population for waste sorting (monetary equiva-
lent);

AS, — conducting a company to inform the mass media about advantages to intro-
duce garbage utilization by its processing;

AS; — additional technique expenses;

AS, — investments in garbage processing (the acquisition of equipment and tech-

nology).

According to the current prevailing practice of waste storage, growth function of
public welfare is negative: the state of environment, the health status of inhabitants of
villages and cities in the places of the location of garbage landfills deteriorates; areas
where high-quality agrarian products can be produced are reducing.

For example, according to calculations, investing of garbage processing is $ 1 mil-
lion that leads to growth function of the public welfare only at the expense of growing
volumes of agricultural production by 4.4 million dollars [19]. Such effect can be
received from one component of the public welfare function due to investing of waste
processing. Calculations of growth function of the public welfare for other mentioned
components are the subject of further research of the authors.

4 Conclusions

Modern tools of geographic information systems, and in particular the Google Earth
software, provide opportunities for identifying official waste landfills and spontane-
ous dumps, identifying its characteristics and defining the territory of ecologically
destructive influence.

Using the Google Earth tools capabilities, it was formed the information base of
the identified 30 official waste landfills and spontaneous dumps on the territory of
Kyiv and in the 20-kilometer suburban area. Its actual area (total 160 ha), the distance
to residential buildings and the dynamics of changes have been identified. Relying on
its own methodological approach, it is defined that the area of intense pollution
around dumps that is unsuitable for residence development and growing of crops
within the boundaries of Kyiv and the suburbs is in 2.9 times bigger the area of
dumps, and the area of its ecologically destructive influence on the environment and
residence of the population is in 27 times.

According to cartographic images from the satellite it was exceeded that the actual
area of waste landfills and dumps is above the documented area.

Geospatial systems and geospatial analysis should be widely used in many spheres
of life. Using it, the authors formed an information base about available official MSW
landfills and spontaneous dumps and its actual characteristics. This research material
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demonstrates and proves the importance of changes in the field of waste management
in Ukraine, namely, transition from the storage of domestic waste to its processing.
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Abstract. The work is devoted to the solving of an important economic
problem of the forecasting of cereal crop harvest. A stochastic character
of the change of crop yield figures because of the influence of random
weather-related factors is an essential peculiarity of this problem.
Therefore, to forecast the cereal crop harvest, the methods of random
sequence analysis are proposed to use. The developed extrapolation
method doesn’t impose any restrictions on a forecasted random se-
quence of the change of crop yield figures (linearity, stationarity, Mar-
kov behavior, monotony, etc.). Taking into full account stochastic pecu-
liarities of the conditions of cereal crop production and crop yield fig-
ures allows to achieve maximum accuracy of a forecasting problem
solving. The block diagram of an algorithm introduced in the work rep-
resents the peculiarities of the calculation of the predictive model pa-
rameters. The expression for calculation of an extrapolation error al-
lows to determine necessary volume of a priori and a posteriori infor-
mation for achieving required quality of a forecasting problem solving.
The results of a numerical experiment confirmed high efficiency of the
suggested method of forecasting of the cereal crop harvest.

Keywords: calculation method, random sequence, canonical decomposition,
prognostication of the crop.
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1 Introduction

Volume of grain production essentially influences standards of living, contributes to
food security of a country. Crop capacity deserves special attention among many fig-
ures characterizing the level of cereal crops production. Solving of the problems of
formation of food reserve funds, availability of necessary facilities for storing of ob-
tained harvest, forming of adequate and efficient foreign trade policy greatly depend
on the accuracy of its forecasting. The actuality of crop yield forecasting gets special
importance when developing management decisions under conditions of uncertainty
including the conditions of economic instability. In the light of the issues of food
security, the problem of crop yield forecasting is actual not only for Ukraine as one of
the biggest grain producers but also for international community [1,2].

Crop productivity is a complex figure from the point of view of the forecasting be-
cause harvest formation is connected with the influence of both production factors
and weather conditions and also greatly depends on the peculiarities of biological
systems [2].

At present different approaches to the crop yield forecasting are developed and ap-
plied in practice on the basis of:

1) analysis of trend and cyclicality in the crop yield dynamics [3,4];

2) identification of the analogous year [5];

3) forming of regression dependencies between different statistical data and data

obtained on the basis of remote and meteorological observations [4];

4) modeling [4,6];

5) analysis of synoptic processes [7].

Approaches of the first, second and fifth groups distinguish with great lead time as
well as with insufficient accuracy. The approaches of the third and the fourth groups
are most widely used. In most cases meteorological data are used as input information
for building regression or for the modeling of the processes of plant growth. In these
cases the forecasting is based mostly on the use of indirect factors, not on the analysis
of the actual state of soil and peculiarities of the use of fertilizers for plant nutrition
and soil fertility improvement.

Dynamic models [4] used today don’t take into account the whole background of
the change of crop yield figures and conditions of cereal crop production which sig-
nificantly restricts the accuracy of such models.

A main peculiarity of crop capacity is a stochastic character of the change of this
figure. Thereupon, to forecast the cereal crop harvest for the purpose of maximum use
of the production background and to take into a full account the influence of different
random factors (amount of precipitation, air and soil temperature, number of sunny
days, humidity, etc.), it is necessary to use the methods and algorithms of the theory
of random functions and random sequences.

The aim of this work is the development of the efficient and robust method for
forecasting of the cereal crop harvest. The main requirement to the forecasting meth-
od is the absence of any essential limitations on the stochastic properties of the acci-
dental process of change of the cereal crop harvest.
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2 Related Works and Problem Statement

Methods of artificial intelligence that are used for the forecasting of random sequenc-
es have restricted accuracy characteristics and are applied as a rule in case of small
volume of statistic data [8,9]. When analysing the cereal crop harvest, quite large
volume of information can be accumulated at expense of increasing of data detailing
(figure concretization at the regional level and agricultural enterprises; monthly ac-
counting for temperature, moisture, quantity of fertilizers; use of soil characteristics,
etc.). Therefore, to formulate mathematical models, it is expedient to apply deductive
methods of forecasting on the basis of maximum volume of a priori information.
Kolmogorov-Garbor polynomial [10] is the most general extrapolation form to solve
the problem of non-linear extrapolation, but determination of its parameters for a
large number of known values and used order of non-linear relations is a very difficult
and laborious procedure (thus, for 11 known values and 4th order nonlinearity, it is
necessary to obtain and solve 1819 equations of partial derivatives of mean-square
error of extrapolation). Thereupon, when forming realizable in practice algorithms of
the forecasting, different simplifications and restrictions on the properties of a random
sequence are used. For example, a number of suboptimal methods [11] of non-linear
extrapolation with a bounded order of a stochastic relation on the basis of approxima-
tion of a posteriori density of probabilities of an estimated vector by orthogonal
Hermite polynomial expansion or in the form of Edgeworth series is offered by V.S.
Pugachev. The solution of non-stationary A. N. Kolmogorov equation (a particular
case of R. L. Stratanovich differential equation [12] for description of Markovian
processes) is obtained provided that a drift coefficient is a linear function of the state,
and a diffusion coefficient equals to a constant. An exhaustive solution of the problem
of optimal linear extrapolation for different classes of random sequences and different
level of informational support of a forecasting problem exists (A.N. Kolmogorov
equation for stationary random sequences measured without errors; Kalman method
[13] for Markov noisy random sequences; Wiener-Hopf filter-extrapolator [14] for
noisy stationary sequences; algorithms of optimal linear extrapolation of V.D.
Kudritsky [15] on the basis of linear canonical expansion of V.S. Pugachev, etc.).
However, maximum accuracy of the forecasting with the help of the methods of linear
extrapolation can be achieved only for Gaussian random sequences. Forecasting
method [16,17] on the basis of non-linear canonical expansion is the most universal
with regard to limitations (linearity, Markov property, stationarity, monotony,
scalarity, etc.) imposed on the properties of the sequences of random values. Applica-
tion of this method will allow to take full account of peculiarities of the change of
cereal crop harvest and, consequently, to achieve maximum quality of forecasting.

3  Theoretical Conception of the Proposed Forecasting Method

Vector random sequence X (i)= (X, (i)}, i =11, h=1,H is to be considered. Com-
ponents are random sequences describing the change of the crop yield figures of cer-
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tain cereal crops (wheat, rye, barley, etc.), the change of natural conditions (tempera-
ture, precipitation amount, number of sunny days, etc.) and also intensity of the use of

mineral and organic fertilizers at discrete points of time t(i) (as a rule with discrete

step which is equal to one year for mesoeconomic and macroeconomic forecasting).
Non-linear canonical expansion of a vector random sequence can be written as
[18,19]:

i-1 h-1

)= Do 0+ 555 w0 S .

v=1 11 71 =1 -1 1)

WO =11,

Discretized moment functions M [x,‘ (v)] M [X,‘ (V) Xs (|)] vi=11;
ILh=1H; A,5=1N are source information for the model of a random sequence.
Random coefficients D, (v), I=LH, A=LN, v=11 and non-random coordi-

nate functions, A% (v,i), Lh=LH, 2,s=LN, v,i=11 are determined with the

help of following expressions (algorithm of parameter calculation is presented in
Fig.1):
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Random sequence X, (i), h=LH, i=11 is represented with the help of HxN
arrays (W}, 1=1H, 2=1,N of uncorrelated centered random coefficients

W, v =11 . Each of these coefficients contains information about the correspond-

vl 1
ing value X/ (v) (crop yield figures of cereal crops, precipitation amount, intensity of
the use of mineral and organic fertilizers, etc.) and coordinate functions A" s)( ,i)
describe probabilistic relations of A+s order between components X, (v) and
X, (i) (the impact of various factors on the crop).

Expression (1) is also true if some stochastic relations of a random sequence
Y(i) = {Xh (l)} are absent. In this case the corresponding coordinate functions take

value 0 and these relations are automatically excluded from a canonical expansion.
Vector algorithm of extrapolation for arbitrary number of components

X, (i), h=LH; i=11 and N order of stochastic relations on the basis of a canoni-
cal expansion (1) is of the form [20]:

M[X(i)], if u=0,
M (5.0)+ () () =m (1,0)) B3 (),
ifl>1j>1

i (1) = i) (s.0)+ (6 () =mys (L) BT (), 5)
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forl =1, j=1.
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Fig. 1. Block-diagram of the algorithm for calculation of model (1) parameters
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where
mo (L) =M[ X, (i)/ % (v), A=LH,n=LN,v=1x-1 x} (), A=1j,n=11]
- is optimal in mean-square sense estimation of future values of an investigated ran-
dom sequence provided that a posteriori information x; (v),ﬂ =1LH, n=1N,
v=Lu-1 x}(u), 2=1], n=1] is used for forecasting.

Expression for mean-square error of extrapolation with the help of algorithm (5) by
known  values  x'(x), u=Lk;j=LH; n=LN  can  be  written as
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Calculation method of the forecasting of future values of crop yield figures on the
basis of a predictive model (5) involves the realization of the following stages:

Stage 1. Gathering of statistical data on the results of cereal crop harvest and pro-
duction conditions;

Stage 2. Estimation of moment functions M [X,‘ (v) X, (|)} on the basis of accu-

mulated realizations of a random sequence describing the process of the change of
cereal crop harvest;

Stage 3. Calculation of the parameters of extrapolation algorithm (5) with the help
of expressions (2)-(4);

Stage 4. Estimation of the quality of solving of the forecasting problem for an in-
vestigated sequence using expression (6).

4 Discussion of the Numerical Experiment Results

Forecasting method is approbated on the basis of crop yield data [1,21] of twenty-four
regions of Ukraine during the period 2007-2018 (graphs of the change of mathemati-
cal expectation and mean-square deviation are presented in Fig. 2). During the pro-

cess of a numerical experiment a vector random sequence X, (i), h=15; i =112
(X, (i), i=112- wheat productivity, centner/ha; X, (i), i =112 - barley productivi-
ty, centner/ha; X, (i), i=112 - humus content, %; X, (i), i=112 - amount of pre-

cipitation, mm; X, (i), i =112 - use of mineral fertilizers, kg/ha) was studied.
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Fig. 2. Characteristics of wheat and barley productivity in Ukraine (2007-2018)

Preliminary investigations on the basis of statistic information showed that stochas-
tic relations of <4 order are the most sustainable and significant. Thus, 165 values

x2(i),h=15,i=111 A=1,3 and 5220 not equal to zero weight coefficients

) (v,i), v,i=112, I,h =15, 1,s=1,3 were used to forecast the crop yield fig-
ures for the last year (2018) in a forecasting algorithm (5). At the initial stage of a
numerical experiment moment functions M| X/ (v)X;(i)], v,i=L12, I,h=15,
2,5=13 were determined, and parameters A% (v,i), v,i=112, l,h=15,

A,s=13 ofa predictive model (5) were calculated on that base (experimental inves-
tigations were made using software product Fig. 3 that was created in Delphi pro-
gramming system).

0 o]
For example, values of autocorrelated functions Ml:Xh(V)Xh(i):|,

v=112,i=112, h=12 for components X,(i) and X, (i), i=112 are presented

in Table 1, Table 2.
For the period 2007-2017 values of autocorrelative functions are calculated by pro-
cessing of statistic data (crop yield figures in 2007-2017). For 2018 values
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Table 1. Autocorrelative function of the component X, (i), i= ].,_12

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
2007 1,00 0,26 0,57 -0,19 0,21 0,78 0,58 0,67 0,56 0,47 0,44 0,52
2008 0,26 1,00 0,57 0,27 0,22 0,22 0,66 0,44 0,16 0,39 -0,08 0,05
2009 0,57 0,57 1,00 043 047 0,74 0,81 0,78 0,75 0,76 0,30 0,64
2010 -0,19 0,27 0,43 1,00 0,56 0,07 0,28 0,15 0,23 0,34 -0,02 0,17
2011 0,21 0,22 0,47 0,56 1,00 0,34 0,34 0,50 0,60 0,60 0,56 0,51
2012 0,78 0,22 0,74 0,07 0,34 1,00 0,66 0,86 0,83 0,82 0,60 0,85
2013 0,58 0,66 0,81 0,28 0,34 0,66 1,00 0,79 0,62 0,69 0,27 0,58
2014 0,67 044 0,78 0,15 0,50 0,86 0,79 1,00 0,82 0,84 0,68 0,80
2015 0,56 0,16 0,75 0,23 0,60 0,83 0,62 0,82 1,00 0,86 0,68 0,90
2016 047 0,39 0,76 0,34 0,60 0,82 0,69 0,84 0,86 1,00 0,61 0,86
2017 0,44 -0,08 0,30 -0,02 0,56 0,60 0,27 0,68 0,68 0,61 1,00 0,76
2018 0,52 0,05 0,64 0,17 0,51 0,85 0,58 0,80 0,90 0,86 0,76 1,00

M l:Xh (V)Xh(lZ):l, v =111, h=12 are determined on the basis of determinate

models:

M [)‘Zl(v)f(l(lz)} ~0,614M [il(v)il(n)}o,lmm [il(v)ﬁ’(l(lo)}

M[)%z(v))o(z(ﬂ)} 0691M[>0(2( ))0(2(11)j|+0,088|\/||:)%2(V))O(z(10):|— o
0, ole{ } 0012M[ 2 (v ))0(2(8)}, v=111

Parameters of equations (8)-(9) meet the minimum of the average error of forecast-
ing (the relative error doesn’t exceed 1%) of the values of correlation functions and
are obtained based on the processing of data for 5 years 2009-2017 using instrument
“Search for solution” of Microsoft Excel table processor.
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Fig. 3. Program interface for forecasting crop yield figures across regions of Ukraine
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Table 2. Autocorrelative function of the component X, (i), i:1,T2

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

1,00
0,11
0,59
0,52
0,15
0,84
0,68
0,72
0,76
0,61
0,67
0,74

0,11
1,00
0,53
0,31
0,45
031
0,37
0,41
0,33
0,38
-0,08
0,22

0,59
0,53
1,00
0,82
0,56
0,66
0,80
0,72
0,82
0,76
0,36
0,72

0,52
0,31
0,82
1,00
0,49
0,64
0,79
0,67
0,78
0,73
0,40
0,64

0,15
0,45
0,56
0,49
1,00
0,40
0,52
0,35
0,44
0,42
0,22
0,36

0,84
0,31
0,66
0,64
0,40
1,00
0,83
0,91
0,87
0,80
0,69
0,77

0,68
0,37
0,80
0,79
0,52
0,83
1,00
0,84
0,83
0,83
0,65
0,79

0,72
0,41
0,72
0,67
0,35
0,91
0,84
1,00
0,91
0,92
0,69
0,80

0,76
0,33
0,82
0,78
0,44
0,87
0,83
0,91
1,00
0,93
0,73
0,92

0,61
0,38
0,76
0,73
0,42
0,80
0,83
0,92
0,93
1,00
0,69
0,88

0,67
-0,08
0,36
0,40
0,22
0,69
0,65
0,69
0,73
0,69
1,00
0,82

0,74
0,22
0,72
0,64
0,36
0,77
0,79
0,80
0,92
0,88
0,82
1,00

In Table 3, Table 4 coordinate functions A0 (v,i), v,i=1,12, h=1,2, correspond-

o] o] JR—
ing to autocorrelated functions M |:Xh (v)Xn (I)} i=112, h=1,2 and determining

the degree of influence of past values of wheat and barley productivity on future val-
ues of these figures are presented.

Consolidated results of quality of solving of the forecasting problem of cereal crop
harvest across all regions of Ukraine are presented in Table 5.

Thus, results of the experiment show (Table 5) that application of non-linear rela-
tions in a predictive model allows significantly increase the quality of the forecasting
of cereal crop harvest. The accuracy of determination of estimations of future values
of crop yield parameters is 3-5 times higher as compared with a linear model.

If necessary a predictive model used for practical purposes can be easily modified
by changing the settings of a software product (Fig. 3) and entering additional statistic
data into Microsoft Excel file. For example, to increase the quality of solving of a
forecasting problem, number | of discretization points t;, N order of non-linear

relations of an investigated random sequence, number H of components to take
fuller account of the conditions of cereal crop production can be increased.
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Table 3. Coordinate function A5 (v,i) v,i -112.

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
2007 1,00 -0,26 043 035 -0,30 0,69 0,52 0,65 1,05 0,83 1,26 147
2008 0 1,00 090 0,37 094 -0,13 0,28 0,30 0,63 0,57 -0,89 0,67
2009 0 0 1,00 045 291 039 094 0,03 045 0,88 -0,02 0,80
2010 0 0 0 1,00 -1,77 0,12 0,06 0,03 -1,22 -0,71 -1,72 -3,58
2011 0 0 0 0 1,00 0,18 0,06 0,02 026 035 0,26 0,23
2012 0 0 0 0 0 1,00 0,22 0,80 1,01 0,22 4,60 240
2013 0 0 0 0 0 0 1,00 0,59 1,02 1,32 1,63 1,92
2014 0 0 0 0 0 0 0 1,00 2,29 0,79 345 3,53
2015 0 0 0 0 0 0 0 0 1,00 0,85 0,84 0,72
2016 0 0 0 0 0 0 0 0 0 1,00 0,30 0,03
2017 0 0 0 0 0 0 0 0 0 0 1,00 -1,02
2018 0 0 0 0 0 0 0 0 0 0 0 1,00

Table 4. Coordinate function B2 (v,i) v,i =112.

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
2007 1,00 0,28 030 0,61 0,24 -0,03 -0,04 0,34 0,68 023 -0,11 0,10
2008 0 1,00 -025 -021 017 040 012 -085 -021 -0,93 -042 -0,63
2009 0 0 1,00 0,27 0,62 -0,21 0,63 0,62 049 0,69 1,17 0,28
2010 0 0 0 1,00 1,73 0,64 145 1,59 1,52 1,99 1,76 191
2011 0 0 0 0 1,00 1,82 1,02 1,12 0,21 -0,46 0,35 1,38
2012 0 0 0 0 0 1,00 1,84 1,07 -039 085 1,82 1,25
2013 0 0 0 0 0 0 1,00 -0,07 -0,38 -0,10 0,77 0,54
2014 0 0 0 0 0 0 0 1,00 047 0,61 0,00 0,29
2015 0 0 0 0 0 0 0 0 1,00 0,47 -0,22 0,30
2016 0 0 0 0 0 0 0 0 0 1,00 0,02 0,31
2017 0 0 0 0 0 0 0 0 0 0 1,00 -1,70
2018 0 0 0 0 0 0 0 0 0 0 0 1,00
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Table 5. Relative errors of prognostication of cereal crop harvest.

Order of stochastic relations, 2 3 4
Relative error for wheat 6,9 % 32% 1,5%
Relative error for barley 7,1 % 33% 1,6 %

5 Conclusion

Method of solving of an important economic problem of forecasting of cereal crop
harvest is offered. A forecasting method, as well as an underlying canonical model,
doesn’t impose any limitations on the properties of a random sequence of change of
crop yield figures (linearity, stationarity, linearity, Markov property, monotony, etc.).
Taking into full account stochastic peculiarities of crop yield figures and conditions of
cereal crop production allows to achieve maximum quality of solving of a forecasting
problem. Results of a numerical experiment confirmed the high-accuracy characteris-
tics of a predictive model for solving the problem of forecasting of crop yield figures
for the regions of Ukraine. The model can also be used to improve the efficiency of
the functioning of agricultural business enterprises. However, for microeconomic
forecasting, it is necessary to modify a mathematical model taking into account the
peculiarities of the economic activities of an agricultural enterprise (the composition
and characteristics of the soil, weather conditions in the periods of climbing of cereals
and ear crops, features of growing grain crops, taking into account the geographical
location of an enterprise, etc. should be used as the parameters of a forecast model).

Application of an offered method of crop yield forecasting will allow to increase
efficiency of the realization of Ukraine’s Food Program and also to adjust the strategy
of the use of cereal crops for production of alternative fuels [22,23]. For further stud-
ies, it is expedient to consider the possibility to use intellectual technologies [19,24]
(a) for solving of the problems of crop yield forecasting and (b) for comparative anal-
ysis of the results of forecasting obtained on the basis of the approach offered in this
work.
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Abstract. The article contains a study of cloud technology and standards appli-
cable to Core Banking System (CBS). National regulators often require storage
of the data on physical servers of the country where the bank is registered. This
is probably due to the lack of awareness of cloud technology data protection ca-
pabilities on the regulator side. Although main cloud service providers comply
with international security standards, such as Payment Card Industry Data Secu-
rity Standard (PCI DSS), International Organization for Standardization
(1SO 9001:2015, ISO/IEC 27001:2013, ISO/IEC 27017:2015) and many other
national security standards [3]. This means they offer much higher degree of in-
formation security that the bank can afford within own infrastructure. Modern
mathematical systems and methods have been used to define an optimal config-
uration of cloud based platform for CBS. An analytical model was built based
on the EC2 memory optimized class instances configuration.

Keywords: core banking system, OLTP, OLAP, Postgresgl, Amazon elastic
cloud compute

1 Introduction

Cloud technology today is enabling innovation and digital transformation of banking
industry. Lagging behind FinTech startups large system banks start to apply cloud
computing in various spheres of their activity.

Digital public channels for customers like Android and 10s applications, corporate
web site etc. is usually the first step in this direction. Second step in migrating to the
cloud is high performance computing for public data analytics as for instance risk
scoring models. Third step is typically laaS solutions to ensure business continuity
and moving the secondary data center to the cloud.

CBS is usually one of the last steps in cloud migration as it is heavier than two
steps mentioned earlier and involves risk related to customer data confidentiality,
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integrity and availability. Main risks attached are related to moving customer data to
the cloud.

European General Data Protection Regulation (GDPR) requirements specify that
customer data should not be stored permanently without legitimate reason of it pro-
cessing, storing customer data in the cloud require either customer consent or
unonimization. Banks are sitting on Big Data scale infrastructure which has a tenden-
cy to grow exponentially. Those volumes demand ever increasing computing capacity
for processing.

Migration CBS to the cloud is the subject of this research. The aim of the article is
to research the architecture and configuration of services to enable the cloud deploy-
ment of CBS. The research is based on the data protection requirements mentioned
above including architecture schemes, data flow UML diagrams and mathematical
modeling.

2 Research methodology

The theoretical and methodological background is the fundamental principles of the
systematic approach, the methods of scientific abstraction, analysis and synthesis,
induction and deduction, the dialectical method of knowledge of information technol-
ogy.

In particular the following scientific methods are used in research:
¢ graphical method — Unified Modeling Language (UML) and the Open Group Ar-
chitecture Framework (TOGAF) were used by the authors to visualize the design of
the system;
o classification method — Common Attack Pattern Enumeration and Classifica-
tion (CAPEC) , Open Web Application Security Project (OWASP) when determining
the priority directions of application of different IT security mechanisms for specific
models of cloud technologies deployment;
e (uantitative analysis method — multicriteria optimization in Mathcad to minimize
the time and cost of using the cloud service.

The information basis for the study is data of Amazon web services, Microsoft,
Temenos and other technical documentation available publically.

3 Literature and hypothesis development

The problems of using cloud technologies in various socio-economic spheres are stud-
ied in [12]. Among the main directions of solving the problem of application of the
Public Cloud and Hybrid Cloud deployment models, identified in the resources of the
world scientific periodical, publications [15, 16, 17] can be singled out. These publi-
cations take into account the specifics of securing information that constitutes banking
secrecy, but there are no proposals for data depersonalization. In particular, work [20]
is devoted to solving the problem of confidentiality of data by encryption, but this
imposes significant restrictions on data processing.
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The work of other scientists [12] does not fully take into account the specifics of IT
security provision for banking institutions. Works [17, 12] contain proposals on the
use of cloud technologies, but do not contain a comprehensive analysis of the archi-
tecture of banking information systems based on cloud technologies, taking into ac-
count regulatory constraints.

As mentioned earlier Core Banking System is usually not the first choice for cloud
migration. Even if migration offers great cost saving potential banks don’t have
enough risk appetite to go for it. Maintaining such a status quo requires keeping a lot
of hardware capacity On-Premise to deal with CBS workloads.

Most of this capacity is utilized during end of day procedures when the system is
not available for users as resources are completely engaged for on-line analytical
processing (hereinafter OLAP) tasks (see Fig.1.). The rest of the day the load on the
system is rather low, which means that resources are underutilized and used complete-
ly inefficient. In such situation huge capital investments should be made for procure-
ment and operative expenditures for further maintenance of such hardware.

Database Load

@@ Total

Slice by Waits v

® cru
10:XactSync
Lock:transactionid
LWLock:ProcArrayLock
@ Lock:tuple
LWLock:buffer_content
® Unknown

Fig.1. CBS Data Base server resources work load report (Source: [10]).

Moving the OLAP processing work load to the cloud provides possibility to
achieve major cost saving and potentially make CBS system available 24/7. As OLAP
tasks will be carried out in the cloud on-premise replica will be available for user
transactions workload.

Cloud technology offers great efficiency of hardware utilization due to scalability
and flexibility, which leads to major cost saving and improved time to market, as
underling infrastructure administration tasks are handled by cloud service provider.
To uncover this potential it is necessary to manage the risks attached.

Major risks are GDPR requirements (Banks must act as GDPR agents and to be in
control of customer data all the time) and local regulators requirements to store the
data within boarders of the home country. Unanimousation of the data allows to avoid
both risks.
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4 Objective and Context of Research

The objective of the research is to:
o to develop the concept on how to migrate huge computing workloads to the cloud,
still being compliant with GDPR and national regulator requirements.
Unanimousation of the customer data is described as a solution;
¢ to choose the cloud service provider based on TCO;
e to prepare the IT solution architecture which combines both real time and batch
data processing. Unlike traditional use case the data should not only be migrated to
the cloud database but also replicated back on premise. Security requirements for data
confidentiality integrity and availability must be met;
¢ to find mathematical solution for the problem of selection of optimal configuration
for the cloud computing instance.

The Bank enterprise high-level architecture scheme (see Fig. 2) can be logically
separated into 5 blocks.

1. Public channels 2.CRM 5. Enterprise data
management

1.1. Web site 14 ATM/POS 211.BWS 214.CM
12.PIB 1.5. Portals 2.1.2. BWS (m) 2.15.DPD
21.3.CRM,
13.LEB 22.5MS8 analyties 213.CB 5.1. Data Lake
<].1.ESB ) 32AP < 33EN > <34MDM > < 351AM ) 36.BPM 52 DWH
41.PCS <4.2. CBS) 43 HRS 44 ERP 45 ED 4.6.CMS 5.2. Bl tools
TN

) Systems in scope of the research

Fig.2. High level architecture scheme of bank’s IT landscape (Source: [10])

Those include Public Channels, Customer Relationship Management, Integration
Layer, Back-end Systems and Enterprise Data Management. In scope of this research
following systems of IT landscape will be considered:

Integration layer - Enterprise Service Bus, Extract Transform Load jobs, Master
Data Management, Identity Access Management

Back end systems - Core Banking System.

Unanimousation of customer data is supplementary measure to ensure confidential-
ity pursuant to requirements of GDPR, PCI DSS and other similar standards. To de-
personalize the customer data replacing it with secret ID in all CBS Data Base
(hereiafter DB) schema tables where it resides.

Secret ID formed from unique customer ID applying specified algorithm in Table
1. The data access to be restricted to DB administrators only.
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Table 1. Simplified structure of Master Data Management system Dictionary

Unique customer ID | Secret customer ID | Customer ID in system X,Y,Z |

MDM system should act as a source and universal point of truth about customer
data for all other systems of Bank's IT landscape. Pre-requisite for MDM is a single
front end to enter the customer data and real time distribution to consuming systems
including CBS. MDM s a source of Unique and secret customer IDs for CBS and
handles customer deduplication process. As this is fully on-premise procedures inte-
gration will not be further subject in the research.

5 Results

5.1  Choosing the Cloud Service Provider Based on TCO

Relational DB platform as a service (PaaS) providers which were named leaders by
Gartner considered for Total cost of ownership comparison. TCO (Table 2) was cal-
culated with the help of TCO calculators available on official company web sites.

Table 2: Amazon vs Microsoft TCO comparison

Parameters Amazon RDS Azure sql
Region EU Frankfurt West Europe
Environment On premise On premise
Servers type Virtual Machines Virtual Machines
Number of virtual machines | 2 4

Number of cores 64 64

RAM GB 256 256

DB type My sql My sql
Storage type NAS NAS
Storage capacity GB 3000 3000

Max concurrent users NA 1000
Bandwidth GB 3752 2000

Cost per Kw USD 0,36 0,36
on-premise cost USD 370,401 327,228
AWS USD 120,676 208,201
Saving absolute amount 249,725 119,027
uUsD

Saving relative amount 67% 36%

Source: [4, 7, 22, 23]

320



TCO calculator comparing on-premise and cloud costs with parameterization func-
tionality was not found on Google web site. Amazon and Microsoft TCO were com-
pared.

My SQL Relational database service (hereinafter RDS) was chosen as a base on-
premise vs Cloud for TCO comparison. All the parameters were made as similar as
possible to get the relevant result. Based on the results of TCO comparison Amazon
web services (hereinafter AWS) solution was selected (almost twice more efficient).

5.2  AWS Solution Architecture Overview

The following diagram shows the solution architecture (Fig. 3).

Fig.3. IT solution architecture based on AWS

The principles behind this architecture are the following:
1. Compliance with Service oriented architecture principles.
2. Server less hybrid cloud — heavy workloads uploaded to the cloud to optimize cost,
on-premise infrastructure is used for customer data processing.
3. Scalability and maximum efficiency of computing utilization with AWS "pay as
you go" auto scaling model.
4. Enhanced security. Integrity, confidentiality and availability is ensured by the fol-
lowing stack of technology - TLS 1.2, Virtual Private Cloud, Encryption, IPSec VPN
connection, LDAP over TLS, SAML and 1AM roles for each and every Application
Programming Interface (hereinafter API) function, audit of every API call.
5. Separation of on-line transaction, analytical processing and batch loads using AWS
Lambda on each step of data replication process.
6. Two dataflows:
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e outgoing (blue line Fig. 3) from on-premise to the cloud.

¢ incoming (green line Fig. 3) from Cloud to on-premise.

7. Enhanced reconciliation — replication of all changes in data base real time and
validation in Transformation Module after bulk ETL load on-premise.

8. Efficiency — two similar schemas on-premise (customer data included) and Virtual
Private Cloud (Unonimoused data) allow to replace INSERT and UPDATE SQL
statements with INNER JOIN which is much more efficient in terms of DB server
resources consumption.

9. Optimization of concurrent database connections — By buffering records to Simple
Storage Service (hereinafter S3) and using Lamda functions as elastic scheduler it is
possible to limit the Postgres DB uptime only to actual end of day procedures dura-
tion after logical midnight to 3 am, thus optimizing the cost.

The on-premise infrastructure consists of Postgresql DB, Message processing ap-
plication, ESB, Trasformation module, AWS Storage Gateway, Remote management
and administration.

The Postgersql DB — Open source database management systems which offers en-
terprise scale reliable solution at no licensing cost. Primary and Stand-by databases
with synchronous data transfer to ensure failover disaster recovery with minimum
downtime.

The Message procession application — Java based application connected with
Postgresql DB Stand-by replica with Java DataBase Connectivity (hereinafter JDBC)
read only interface. Such approach ensures that there is no negative impact on Prima-
ry DB performance due to additional read requests on big number of tables.

The Enterprise service bus — middle ware which uses Message Queue (hereinafter
MQ) protocol to route message processing application JavaScript Object Notation
(hereinafter JSON) messages to AWS Kinesis Firehose.

The Transformation module—a staging area, which acts as intermediate storage area
used for data processing ETL process to replicate data from the AWS cloud to on-
premise.

In relational DB with Atomicity, Consistency, Isolation, Durability (ACID) re-
quirements the SQL statements take less server computing resources when the data is
stored closer i.e. ideally in one table. The greater the number of table and relations the
bigger amount of computing resources is consumed.

Under such circumstances INSERT and UPDATE statements on every row of each
table consume a lot of DB server resources. Therefore cost saving effect of migrating
workload to the cloud could be totally diminished.

To avoid such effect:

a) Schemas of on-premise and Cloud Postgresql DB replica contain the same col-

umns except those containing customer data. Those columns are cropped and re-

placed with Secret customer 1D during migration to the cloud using AWS Database

Migration Service (initial load).

b) INSERT and UPDATE SQL statements are not used by ETL process in Trans-

formation module for daily replication of the calculation results from the Cloud

Postgresql DB to on-premise replica.
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c) For daily replication of calculation results from the Cloud Postgresql DB to on-
premise and adding columns containing customer data the INNER JOIN SQL ex-
pression is used. INNER JOIN is much more efficient and does not require such
computing power.

The AWS offers enhanced IT Security capabilities for all critical attributes of data
security (Integrity, Confidentiality, Availability).

The Virtual Private Cloud is a Virtual perimeter securing systems data, interfaces
and endpoints from unauthorized access and modification.

Security events Monitoring is provided by Amazon CloudWatch (CloudWatch)
with triggers for suspicious activity and security alerts configurable policies.

Using AWS CloudTrail (CloudTrail) it is possible to audit every API call and store
this data historically with visualization in the form of reports and dashboards.

Integrity of inter system data transfer is ensured by Transport layer security proto-
col version 1.2 (TLS 1.2.)

The AWS Kinesis Firehose is a streaming data processor which transmits the event
data from on-premise infrastructure for further processing in the cloud in the form of
JSON files [1].

The AWS Lamda is automated scheduler which runs AWS services code via API
according to the per-defined schedule or when specific event triggers the Labda func-
tion. In proposed IT solution Lambda function also transforms JSON files into com-
ma-separated value (hereinafter CSV) for further processing by Database migration
service (hereinafter DMS).

The AWS S3 buckets are used to store the data on all sequence of ETL processes.

The AWS DMS in most frequent use cases is used to perform bulk data upload (In-
itial load) from on-premise DB replica to cloud DB replica to perform further switch
off of on-premise replica. DMS service also supports continuous replication to
achieve the same data state/synchronize both on-premise and cloud DB replicas. In
proposed solution the on-premise Replica is not switched off therefore after initial
load synchronization capabilities of DMS is used perpetually. To optimize costs DMS
and Postgresql DB instances uptime is regulated by scheduled lambda function.

The AWS Aurora Postgresql compatible DB — AWS Database system management
service for deployment of relational open source DB Postgresgl in the AWS cloud.
According to Amazon Aurora DB also offers up to three times better performance in
AWS cloud than original Postgresql.

The AWS Glue ETL is Extract Transform Load engine which can use triggers to
initiate jobs either on a schedule or as a result of a specified event and determines
where target data resides and which source data populates the target. In proposed IT
Solution AWS Glue is used in conjunction with AWS Lambda functions. The AWS
Glue Data Catalog contains references to data that is used as sources and targets of
ETL jobs in AWS Glue. The AWS Glue Data Catalog is an index to the location,
schema, and runtime metrics of the data. It is possible to run a crawler to take inven-
tory of the data in the data stores and add metadata tables into the Data Catalog. In
proposed IT solution AWS glue write a Python ETL script that uses the metadata in
the Data Catalog to do the following:
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e Join the data in the different source files together into a single data table (that is,
denormalize the data).

o Filter the joined table into separate tables by type of legislator.

e Write out the resulting data to separate schema in the Transformation module for
further matching with personalized customer data on-premise using INNER JOIN
SQL expression.

RDS currently does not offer such a scalability options and memory optimized in-
stances classes as EC2. As specified by CBS performance testing results [11] for rela-
tional database input/output operations per second for storage and RAM plays even
bigger role than vCPU computing power and number. Therefore memory optimized
instance classes were selected for the proposed IT solution. RDS currently does not
provide such instance class options [5].

5.3  AWS Auto Scaling Capabilities

The following diagram shows the solution scaling capabilities (Fig. 4).
Auto Scaling group

—— —
Minimum size Scale out as needed
_‘._l
Desired capacity

[ J

Maxir:\um size
Fig. 4. EC2 horizontal auto scaling (Source: [5])

Horizontal scaling means that EC2 instances can be added automatically when de-
mand for cloud computing resources is increasing.

Auto Scaling creates and manages the CloudWatch alarms that trigger the scaling
policy and calculates the scaling adjustment based on the metric and the target value.

A target tracking scaling policy assumes that it should perform scale out when the
specified metric is above the target value for instance the target value could be 80% of
CPU utilization. The AWS EC2 can either launch instances (scale out) or terminate
instances (scale in), within the range that the user choose, in response to one or more
scaling policies.

Vertical scaling. AWS EC2 allows to customize the number of CPU per instance
which is configured manually before instance is launched, changing the configuration
requires restart. CPU number settings persist when instances are added automatically
(horizontal scaling). Decreasing number of CPUs allow to optimize the licensing
costs of software with an instance that has sufficient amounts of RAM for memory-
intensive workloads but fewer CPU cores.
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5.4  The Mathematical Model for Choosing the Optimal Configuration for
a Cloud Server

Consider setting the task of choosing the optimal IT PaaS solution (Postgresqgl on the
EC2 module) for CBS, including type and configuration.

It is necessary to evaluate the workload of the cloud replica of the Postgresql data-
base when executing end of day procedures for closing the Bank's operational day in
order to minimize the time and cost of using the cloud service. Empirical observations
made it possible to determine the basic requirements for scalability and configuration:

othe size of the database is about three terabytes;
ethe client base has up to 15 million clients;

othe number of transactions is 50 million per day;
othe number of customer accounts is 25 million.

Given these parameters and the specifics of ACID requirements for a relational da-
tabase, OLAP workloads require high computing power that can meet the following
minimum server configuration requirements:

othe size of RAM - not less than 256 GB;
sthe size of permanent memory is not less than 3 TB.

A typical operating day closing rule usually includes 4 OLAP tasks (indicative list,
depending on system architecture, supplier, and implementation).

Task 1. Aggregation of billing and payments according to client's agreements.

Task 2. Commissions for cash services, accrual of interest on current accounts,
overdraft, loans and deposits.

Task 3. Aggregation of data on overdue loans, and the beginning of the reference
days of overdue debt. Calculation of effective interest rate on loans and deposits. Re-
valuation of currency position. Calculation of provisions for impairment losses.

Task 4. Formation of the daily balance file (aggregate assets and liabilities). For-
mation of statistical reporting files.

To solve each task, the minimum required number of processor cores in the server
configuration is determined.

Let us introduce the symbols.

k — quantity of tasks of end of day procedure for closing the operational day of the
bank;

n — quantity of the module’s types (instance);

CPU; —maximum quantity of cores (CPU) in module of type j ;

f; (CPUJ-) — function of dependency of processing time for the task number i

from the maximum quantity of CPU in module of type j;
p; —minimum required quantity CPU to solve the task number i;

RAM ; — size of RAM in module of type j;
Storage; — size of storage in module of type j;

R; — minimum required size of RAM to solve the task number i;
S;— minimum required size of storage to solve the task number i;
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¢; — the cost of using a module of type j per hour;

tj —time of using a module of type j to solve the task number i.

Xjj — quantity of modules of type j, which used to solve the task number i.
The mathematical model of the problem has the form:

k n k n )
F=X _Ztijz_Z_inj.fi(CPUj)amln (1)
i=1j=1 i=1j=1
k n n ]
FZZ_Z_ZCj'tijZ_ZZCJ--Xij~fi(CPUJ—)—>m|n )
i=1j=1 i=1j=1
> CPU; -x; 2 p;,
j=1
% RAM: >R
Xi: - >R,
j=1 I ) ! (3)

n
_leij -Storage; > §;,
J=

i=1..k

Xij 20, Xj —whole.

The problem (1) - (3) relates to the class of tasks of multicriteria optimization. The
target function (1) is the condition of minimizing the time of using the cloud service
and the target function (2) minimize the cost of its use.

Solving problems with several functions is a rather difficult problem, even for two
functions [19]. With the practical use of the model, we can apply a method of priori-
ties, that consists in the fact that at the first stage we will solve a one-problem prob-
lem with a smaller target priority (for example, the problem (1), (3)), and in the se-
cond stage, the problem (2), (3) with the include to the system of restrictions (3) an
inequality, which does not allow to deteriorate the optimal value of the objective
function (1) obtained in solving the optimization problem (1), (3) in the first stage.

Consider a numerical example of using the model. In [14] shows the options for
possible configurations of cloud servers. Consider setting the task of choosing the
optimal IT PaaS solution (Postgresgl on the EC2 module) for CBS, including type and
configuration.

5.5  Program realization of the mathematical model

To solve the problem (1) - (3) the system MathCAD 15.0 was used. In Fig. 6 shows
the initialization process of the model's initial data.

When constructing a matrix M, the dependence of the time of the task on the quan-
tity of server cores was used to empirical investigations of the authors of the article,
which was conducted using a 32-core processor. The time for each of the four closure
tasks is presented in Table 3.
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Table 3: Time to solve the task by 32-core processor
Task number 112 |3 | 4

Time to solve the task 5130 | 40 | 45

Source: Creation of authors

The values of the elements of the matrix M is offset by extrapolating empirical data
to another number of processor cores.

In Fig. 5-6 depicts a phased process of forming a mathematical model for optimiz-
ing the time of use of cloud service.
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Fig. 5. Find the time to solve the task depending on the type of instance (Source: Creation of
authors
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Fig. 6. Formation of a mathematical model for minimizing the use of cloud service time
(Source: Creation of authors)

When constructing a matrix M, the dependence of the time of the task on the quan-
tity of server cores was used to empirical investigations of the authors of the article,
which was conducted using a 32-core processor. The time for each of the four closure
tasks is presented in Table 3.

When constructing a matrix M, the dependence of the time of the task on the quan-
tity of server cores was used to empirical investigations of the authors of the article,
which was conducted using a 32-core processor. The time for each of the four closure
tasks is presented in Table 3.

In fig. 6 shows the result of time optimization of the cloud service. To get the re-
sult, use the Minimize function of the MathCAD system. According to the obtained

328



solution, the configuration is optimal, shown in the table 4. The minimum server time
for such a hardware configuration is 64 minutes.

Table 4: The optimal configuration of a set of servers

Task number 1 2 3 4
Name of X1 Extra X1 Extra X1 Extra .
. . . X1 Extra High-
server type High- High- High-
Memory
Memory Memory Memory
32xlarge
32xlarge 32xlarge 32xlarge
Task time, min 2 15 28 19
Source: Creation of authors
M Mathcad - [Model of the price and time minimization.xmcd) = O X
ﬁ File Edit View Insert Format Tools Symbolics Window Help - & X
D2l &RV B oo "z =20 1w v @
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Result :
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0000 0000
1111 1111
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im1.4 Task time Optimal server running time
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Time_task, = Z [Xnunj'lM[t,_i)] Time_task, = 5 F_time(Xmin) = 64

=
! 19

Fig. 7. The optimal configuration of a set of servers (Source: Creation of authors)

Solving the multicriteria problem (1) - (3) with the main target function of mini-
mizing the cost of using cloud service is by connecting to the system (3) the re-
striction
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Kk
> %;-CPU; - f; (CPU ) < 64
2

In this case, the minimum value of the cost of using the cloud service is

Fymin =15.15145%

6 Conclusion

IT solution of cloud based banking system designed in scope of the research allows to
migrate huge computing workloads to the cloud, still being compliant with GDPR and
national regulator requirements. Unanimousation of the customer data is described as
a solution for mitigation of risks related to customer data confidentiality and necessity
for customer consent to place the data to the cloud.

Based on the results of TCO comparison AWS solution was selected. AWS solu-
tions are also beneficial in terms of Vendor dependency risks minimization. As AWS
offers platforms compatible with most of the commercial and open source software
and it is possible to migrate the data from cloud back to on-premise if necessary. In
the solution described by the author this data migration functionality is used for daily
replication of the data from the cloud to on-premise.

IT solution architecture designed by the Author combines both real time and batch
data processing. Unlike traditional use case the data is not only be migrated to the
cloud database but also replicated back on-premise. Security requirements regulated
by the standards for data confidentiality integrity and availability are fully met with
respective cloud based technology.

Mathematical solution for the problem of selection of optimal configuration for the
the cloud computing EC2 instance was found. Following the model objectives of
target function of minimum cost and maximization of computing capacity EC2
memory optimized instance class type X1 Extra High-Memory 32xlarge was found as
optimal. In the multi criteria options for decision and constrains defined the calcula-
tion result showed that this is the most cost efficient instance which is also the most
powerful instance offered by AWS. Single instance capacity is enough horizontal
scaling is not necessary. The CBS end of day procedures workload is defined to large
extent by the number of customers and customer transactions per day. As customer
base and average number of transactions are relatively stable numbers fluctuation
does not show huge peaks and falls.

Vertical scalability (decreasing number of CPUs) was not considered as Postgersql
DB is open-source SW and does not require license procurement. According to Ama-
zon pricing model decreasing number of EC2 instance CPUs does not effect cost. In
case of commercial DB management system it might make sense to decrease the
number of CPUs as license pricing is usually linked to the number of CPUs.
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Abstract. For successful trading on stock exchanges, it is important to use
trading tools that will ensure success in trading operations and provide competi-
tive advantages. The purpose of the article is to develop an algorithm for the
creation of a trading system and selecting a research object whose shares may
subsequently become the object of real trade. The basis of the developed trading
system is the consolidated mathematical model based on several models (multi-
pliers, neural network and discounted cash flows). The consolidated model es-
timates the stock price of NIKE Inc., which has a lower deviation from the ac-
tual price than the price is predicted by other mathematical models, including
linear regression models, etc. The results of the work also identified directions
for improving the trading algorithm: to extend the horizon of the forecast; to in-
clude TakeProfit at the predicted value; to form a stock portfolio; to cover more
factors in the model.

Keywords: stock exchange, trading system, forecast, consolidated mathemati-
cal model.

1 Introduction

Nowadays forecasting is being considered as one of the most important branches of
research in the economic and business fields and has been developing rapidly. Fore-
casting stock exchange prices by considering its dynamic factors is an important part
of a business investment plan. The confidence of investors in these markets has de-
clined and many negative problems in the world economy are present. This clearly
shows the strong relationship between uncertainty in financial markets and investor
confidence. Financial asset prices are influenced by numerous factors including peo-
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ple behavior, political, economic, competition or other factors, so price forecasting
can be a difficult process.

Due to the development of stock trading, opportunities to receive a stock invest-
ment return exist. However, this is possible only with a properly selected trading
strategy and efficient trading system. Many traders diversify risks and increase profits
using several types of trading systems, which number more than a thousand today.
However, every trader or investor is trying to develop a unique trading system which
will allow anybody to successfully invest money by trading stocks with a correct price
forecast.

Forecasting prices allows not only individual financial asset price information to be
considered, but also financial and economic systems, and financial crises to be as-
sessed as to their possible scale in order to make appropriate economic decisions. At
the same time, the lack of a unified theory that would explain price fluctuations in
stock markets and a unified methodology for predicting prices for them determines
the expediency and necessity of further development of the methodology of forecast-
ing prices on stock exchanges.

The purpose of the article is to develop an algorithm for the creation of a trading
system and selection of a research object whose shares may subsequently become the
object of real trade. The paper is organized as follows. The next section explores the
theoretical background of forecasting prices in stock exchange. The third part de-
scribes the methodology of the research. The forth part is divided into three subsec-
tions. The first part analyzes the financial performance of the NIKE corporation and
shows correlations between the economic and financial indicators of this corporation.
The second part gives an assessment of the effectiveness of the developed forecasting
model. In the third part the forecast of stock prices is made with the help of the devel-
oped model.

The study has several limitations. First is the time period for forecasting. Secondly,
the testing was carried out using the shares of one corporation, not a portfolio, as an
example. Thirdly, the TakeProfit was not included at the predicted value.

2 Theoretical Background

Forecasting prices in stock markets is a matter of great interest both in the academic
field and in business. The forecasting of stock prices and stock returns is possible
using various techniques and methods. Many researchers study price trends in stock
markets with the help of artificial neural networks [1-2] or fuzzy-trends [3, 4]. The
application of artificial neural networks has become the most popular machine learn-
ing method, and it has been proven that such an approach can outperform most con-
ventional methods. The most popular neural network algorithm for financial forecast-
ing is the back-propagation algorithm. However, many articles have shown that the
artificial neural networks model, based on the back-propagation algorithm, has some
limitations in forecasting, and it can easily converge to the local minimum because of
the noise and complex dimensionality of the stock market data.
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Many researchers use time-series models or other types of regressions [5-7]. Stock
market time series forecasting is an interesting and open research area. Artificial intel-
ligence algorithms are now mostly used to forecast time series. However, a highly
efficient stock exchange prediction model has not been designed yet.

Hybrid models have become more and more popular recently [8-9]. Kannan, Sekar,
Sathik and P. Arumugam in [10] used data mining technology to discover the hidden
patterns from the historic data that have probable predictive capability in their in-
vestment decisions. Usually, the rise or fall in an international stock market is caused
by some external factors. This means that stock exchange forecasting depends upon
local factors and international stock exchange markets. The robustness of forecasting
models remains an open research area that creates many approaches to design trade
systems for stock markets.

The trading system is based on a clear algorithm or, in other words, a clear set of
rules for generating trade signals (that is, the conditions for opening or closing a posi-
tion). The main difference between one trading system and another is its author's ap-
proach to the rules of trading signal generation [11]. Trading systems are based on
one or a limited number of algorithms. Fundamental and technical analyses are used
the most often in trading systems [12-15]. Also, genetic algorithms [16] and neural
networks and neuro-fuzzy computing [17] have become popular too. However, as
Kaufman mentioned, “most modeling methods are modifying cations of develop-
ments in econometrics and basic probability and statistical theory. They are precise
because they are based entirely on numerical data; however, they need trading rules to
make them operational. The proper assessment of the price trend is critical to most
trading systems” [18, p. 6]. A trading system, in the process of its operation, requires
constant debugging and analysis of completed transactions within a specified interval,
changing parameters for the following operations in order to maximally optimize the
intended trading strategy. Therefore, forecasting prices on the stock exchange with the
help of trading system of a trader will be a wide area for future research for a long
time.

3 Methodology

All trading systems operate according to their logic, that is, an algorithm that reports
to the system how to behave in different situations. The algorithms of trading systems
are developed based on the data obtained about events that previously occurred on the
stock market. The algorithm of creating a trading system includes the following stag-
es.

The first stage in the construction of a trading algorithm is the definition of a strat-
egy that will achieve a desired goal. The rules that formulate the strategy should be
set out consistently. The main rules are the rules surrounding entering and exiting
markets, that is, the terms of purchase and sale of stock commodities. Typically, a
trading strategy involves risk management by limiting the amount of risk capital. A
typical approach is to install a stop loss order that limits the maximum damage that is
allowed under the agreement. A trading strategy can also include revenue manage-
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ment that protects the untapped profits generated during a lifetime position. A typical
approach to managing long-run profits is to establish a retractable stop-loss for a fixed
dollar value relative to the maximum of non-actualized profits. The purpose of our
strategy is to verify the correctness of the forecast of prices, and not real bargains, so
the stop-loss order was not used in our algorithm.

The best solution for the stock market is a strategy based on fundamental analysis,
which involves an analysis of the work of business entities, as well as external market
conditions. Two traditional forecasting models were used: Multiplier (M) and Dis-
counted Cash Flow (DCF). These are classic models that do not require complex cal-
culations or a large number of steps to calculate, although automation of calculations
of these models will save several days. Since it is impossible to fully evaluate the
effectiveness of stages such as testing or optimization, another model for forecasting
stock market prices, the mechanical neural network (NN), which is based on econom-
ic indicators of the enterprise, was used. Thus, our consolidated model for predicting
stock market prices (W) includes three models: multiplier, discounted cash flows and
a mechanical neural network. For comparison, the traditional linear regression model
(LM) is used (Fig. 1).

Consolidated
model

Mechanical
Neural
Network

Discounted

Coefficients cash flows

1

EV/EBITDA P/E

Fig. 1. Constituent methods of forecasting in the consolidated model

The second stage is to write an algorithm of action in the trading system in the pro-
gramming language R, using C ++ to extract data, to automate all processes and cal-
culations.

The third step in constructing the algorithm is testing the trading system. The test-
ing stage has two goals: the first one is to determine if the system performs the speci-
fied functions; the second one is to check the possibility of obtaining profits and the
risk of losses. The model should be moderately profitable with different price trends
and over several different time periods. Not necessarily every test should show profit,
but if each test is going to cause loss, then this system should be discarded.

Testing in various sectors of the economy has been used, which is necessary for the
possibility of wider uses of the algorithm. For testing, the sample was limited to 10%
of quarters, and at some periods of time it allows a better comparison of their reliabil-
ity. Periods were chosen randomly, by the algorithm, but in a way that the trend of
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stock quotes and indices was versatile (downward, growing, lateral). This is necessary
for a better understanding of the efficiency of the algorithm in all types of market.

In the process of testing, an important step is to check the stability of the trading
system. A robust trading system will provide profits across a wide range of variables,
market segments, and market conditions. In other words, a sustainable model will
continue to show profitable results and in changing market conditions, which is an
extremely important result of trade. Thus, testing consists of two parts:

1) Selective manual check of various computer calculations of rules and formulas.

2) Investigation of the tested transactions and checking them for deviation from
the theory.

The first trading system test is the calculation of profit and loss on a segment of
price history of significant duration, for example, on an annual basis. This first test
gives a preliminary idea of profit and risk. The main rule is to proceed from the ex-
pectations of annual profits at the level necessary for trading in this market.

The fourth stage of work is the choice of the subject of testing and the definition of
the study period. The best market for research is the US stock market, as it is liquid
and has a long history that is needed for analysis. The main criterion for selecting
companies is the availability of electronic reporting and more than 20 years of quota-
tions on the stock exchange. Seven companies were selected by sectors of the econo-
my and their financial performance for 95 quarters (30.11.1994 - 30.08.2018) was
analyzed. These are the following companies:

1) AT&T Inc. (technology);

2) WALMART Inc. (wholesale and retail trade);

3) ECOLAB Inc. (means for water, hygiene, health, etc.)

4) BIOGEN Inc. (health care)

5) WELLS FARGO & COMPANY (finance)

6) NIKE Inc. (consumer goods)

7) CATERPILLAR Inc. (production goods).

To demonstrate the results of the analysis, NIKE Inc. was selected. The company's
revenue structure is simple in scope, but difficult in geography, that is, its financial
performance is influenced not only by the situation in the US but also in the world.

The fifth stage is the optimization of the trading system, which is carried out on the
same principles as testing, but the main task is to make the use of the trading system
most effective. In a practical sense, optimization is a process of calculating the indica-
tors of many different tests of this trading system on the same segment of price data.
According to certain criteria, the best test results, which provide maximum profit
potential in real trade, are selected, and they will be the basis for the optimization of
the trading system. The object of optimization is the coefficient of reliability of the
model, with which it is possible to achieve the best consolidated forecast.

The optimization has five components: (1) selection of model parameters; (2) set-
ting the ranges of their scanning; (3) determination of the sample size; (4) determina-
tion of criteria for evaluation, selection of a better model; (5) determine the criteria for
evaluating the test forecast as a whole. In the process of optimization, we should use
the model parameters that have the most impact on its effectiveness. If the parameter
has a small effect on efficiency, there are no reasons to make it a candidate for opti-
mization. Instead, it should be assigned a fixed value (constant) for optimization time.
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If optimization shows improved results, it is time to move to the final step of the
testing process, namely, forward analysis. Forward analysis evaluates the effective-
ness of the trading system solely on the basis of post-optimization trading or test data
that are not part of the optimization sample. This level of testing answers two of the
most important questions about our trading system: 1) the correctness of the forecast
of prices 2) the possibility of profit after optimization.

The sixth stage is an assessment of the ratio of real trade indicators with projected
indicators. If the real figures differ much from the test ones for no clear reasons, then
a need to return to step number three is warranted.

The mathematical formalization of the processes embedded in the trading system
algorithm and designations used in the study are as follows:

1. On the basis of the current financial report, forecasts are made for three models
(NN, DCF, M)

2. The consolidated forecast price is based on formula (1):

Pr_Price = Knn * Pr_NN + Kdcf * Pr_DCF + Km * Pr_M, 1)

Pr_Price is the consolidated forecasted price,

K - coefficient of reliability of the model,

Pr_ - forecasted price by model

NN - model of mechanical neural network,

DCF - Discounted Cash Flow Model

M - model of multipliers.

3. Determination of projected income by formula 2:

Pr_Prof = | Pr_Price - Now_Price | / Now_Price, 2

Pr_Prof is a projected income,

Pr_Price is the consolidated forecasted price,

Now_Price is the actual current price.

4. The decision to enter the market based on the assessment of the appropriateness
of investment, which is calculated by the formula 3:

Pr_Prof - Km-Slip> RF_Rate / 4, 3

Km - commission for the opening and closing of a position,

RF_Rate - without a risky interest rate

Slip - slippage

RF_Rate is a risk-free investment rate.

5. Closing a position on the day on which the forecast was made.

The concept of exit from the market implies the absence of StopLoss and
TakeProfit, since the receipt of real profit is not the main goal, but only one of the
indicators for checking the efficiency of the trading system. The main goal is to de-
termine the price trend and price value for the planned closing date of the position.

Next, it is necessary to detail the information on one of the models, namely the
model of the mechanical neural network, which entered the consolidated model and
contains the largest number of economic indicators. Indicators that will be analyzed in
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the neural network were selected based on the main indicators of financial reporting,
namely:

From the report on financial results:

1) Rev (Revenue) - Revenue;

2) Inc (Net Income) - net profit;

3) Div (Dividends declared per share (in dollars per share)) - dividends on ordinary
shares (in dollars per share).

From the balance:

1) Ast (Total assets) - aggregate assets;

2) Ldbt (Long-term debt) - long-term liabilities;

3) Sheq (Total shareholders' equity) - share capital;

4) Curl (Total current liabilities) - current liabilities.

From the Cash Flow Statement

1) Cash_op (Cash provided by operations) - cash flow from operating activities;

2) Cash_inv (Cash used by investing activities) - cash used in investment activities;

3) Cash_fin (Cash used by financing activities) - cash flow used in financial activi-
ties.

Additional indicators were also used such as:

1) Price_1 is a stock price at the time of the report's release;

2) S & P 500 is the stock index in which Nike is located:;

3) Qw_1/2/3/4 - quarters of the marketing year of Nike;

4) Price_2 is a stock price for three days before payment of dividends for the fore-
casted quarter.

Additional indicators are needed to better understand the environment:

"Price_1" is required for the neural network to be able to track the price change and
understand what indicators have influenced it more,

"The S & P 500 Index" is needed to understand the situation in the economy and
the US stock market.

Quarters as indicators needed to understand the cyclicity algorithm present in this
market, as established by research. The above indicators are independent variables,
the only dependent variable in this model will be Price_2.

4 Efficiency Estimation Procedure

4.1  NIKE Inc. Financial and Economic Indicators Analysis

According to the New York Stock Exchange (NYSE), the shares of the company
grew more than 33 times (Figure 2) over the past twenty-four years, that is, the rate of
growth - an average of 16% annually. However, the highest growth rates have been
since 2009, when the company's products have gained popularity and spread around
the world.
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Fig 2. The price dynamics of NIKE Inc., 11.1994 - 03.2018, USD. US / share (Source::

NYSE)

Interaction of Financial Results Indicators with NIKE Inc. depicted in Fig. 3.
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Fig. 3. Correlation coefficients, scatter plot, and distribution histogram between revenue,
profit, dividends and share price of NIKE Inc.

339



Explanations to the figure 3:
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revenue and price

As can be seen from the scatter plot, the revenues are positively interdependent
with net profit and stock price, with the profit being a linear dependence of dispropor-
tionate growth. On the contrary, with the price of the stock, the interdependence is
nonlinear, and the more accelerated rate of growth of prices from the growth of reve-
nue. The net profit also correlates positively with the company's price, this depend-
ence is also nonlinear and has hyperbolic acceleration function.

The Pearson correlation coefficients show that the largest share price correlates
with income (0.94), less correlated with net profit (0.7) and has a slight correlation
with dividends. In general, dividends moderately correlate with all indicators and are
placed on the chart rather chaotic.

A distribution histogram is located on the central diagonal. Here it is necessary to
note the full asymmetry on the right side (net profit and share price of the company)
due to the long-term presence of the company in the medium-sized business, divi-
dends and earnings are asymmetrical to the right, but they are more evenly arranged.

Next to be considered is how interrelated indicators balance with the predicted
price in Figure 4. The aggregate assets have a strong proportional relationship with all
the analyzed indicators; this is evident in the plot of scattering of the sample elements,
as well as by the coefficient of correlation, which is higher than 0.8. Scattering in
almost all cases is based on a linear function. There is a very interesting scatter plot
between long-term capital and equity capital; initially the values take hyperbolic ac-
celeration, then after 70% of the sample changes to the function of the hyperbolic
cosine region, that is, the inverse hyperbola, which in our opinion is associated with
an increase in the interest rate by the Fed of 2%. This influenced the decision on how
to raise funds for financing the range; the absence of less costly loans prompted inves-
tors to find investors in the stock market.

340



0 2000000
T T N R |

6000000

1000000 4000000

4000000
Lllrlld

]

1000000 B00000D

AST -
0.88 0.97 0.98 0.94 .
" Ldbt i
% 7N7L\ 0.75 0.88 0.93
5[ & ] [ Shea 5
/ ﬁ )| 092 || 085 |
s CurL ?
/ _ 0.95
% / | j/ 5

Fig. 4. Correlation coefficients, scatter plot and histogram of distribution between assets,
share capital, liabilities and share price of NIKE Inc.

Explanations

to the figure 4:

Assets

Coefficient of
correlation be-
tween assets and
long-term liabili-
ties

Coefficient of
correlation be-
tween assets and
equity

Correlation coeffi-
cient between
assets and current
liabilities

Coefficient of
correlation be-
tween assets and
price

Scatter plot
between assets
and long-term

Long-term liabili-
ties

Coefficient of
correlation be-
tween long-term

Coefficient of
correlation be-
tween long-term

Coefficient of
correlation be-
tween long-term

. liabilities and liabilities and obligations and
liabilities . T .
share capital current liabilities price
Scattering Scatter plot be- Correlation coeffi- | Correlation coeffi-

Scale between
Assets and
Equity

tween long-term
liabilities and
share capital

Equity

cient between
share capital and
current liabilities

cient between
share capital and
price

Scatter plot
between assets
and current
liabilities

Scatter plot be-
tween long-term
liabilities and
current liabilities

Scatter plot be-
tween current
liabilities and

current liabilities

Current liabilities

Coefficient of

correlation be-

tween current
liabilities and price

Scatter plot
between assets
and price

Scatter plot be-

tween long-term

obligations and
price

Scatter plot be-
tween current
liabilities and price

Scatter plot be-
tween current
liabilities and price

Price

341




As in the figures in Figure 3, distribution histograms have right-side asymmetry
(Figure 4), which indicate that the company is growing.

Spearman's correlation calculations (Figure 5) showed a close correlation between
the price of a company's shares and independent variables, in particular the S & P 500
market index. This suggests that external factors are also influenced by the price of
NIKE shares.

“ REV INC Div AST Ldbt Sheq Curl Price 1 S.R500 Cash_op Cash_inv Cash_fin Price_2

REV 100 080 046 098 096 097 097 096 0.74 032 001 4038 095

INC 080 100 030 089 085 080 087 0.8 0.67 0.26 006 030 0.8

Div 046 050 100 047 043 050 046 045 013 0.22 001 027 047
AST 083 089 047 100 097 098 0.8 096 0.76 038 002 040 095
ldbt 08 085 043 097 1.00 085 0.4 093 073 040 207 040 092
Sheq 097 090 050 0% 095 1.00 095 095 072 040 006 042 095
Curl 087 087 046 098 094 095 100 093 0.78 032 0.00 035 093
Price 1 096 083 045 0% 093 095 083 1.00 073 037 004 039 098
SR500 074 087 013 078 073 072 0.78 073 100 032 002 030 0n
Cashop 032 026 022 038 040 040 032 037 032 1.00 0.25 078 038
Cashinv 001 006 001 D02 207 006 0.00 0.04 0.02 025 1.00 001 0.00
Cash fin 038 030 027 040 040 42 035 039 030 078 {01 1.00 040
Price2 095 083 047 085 092 095 083 093 071 038 0.00 040 1.00

Fig. 5. Spearman correlation coefficient between the investigated parameters

4.2  Estimation of Efficiency of the Developed Model of the Forecast of Prices

One of the objectives of the study is to evaluate the effectiveness of the model, and
one of the best methods of evaluation is a comparison with the traditional model. The
classic method of forecasting, which is widely used in many spheres, is linear regres-
sion. Therefore, a regression model of stock price forecast was constructed.

Further work was aimed at constructing, testing, optimizing, testing the reliability
of the consolidated model, which included several models: neural, multiplicative and
discounted cash flows with the help of computer equipment. In Table 1, projected
prices for different models and the actual price at the end of the projection period can
be compared. The date of forecasting is chosen independently by the program.

The final step in optimization is to determine the weight of each model in the con-
solidated forecast model, that is, at the forecasted price. The values of the mean-
square deviation are as follows: for the neural network - 0,778; for multipliers - 0.134;
for discounted cash flows - 0.088. This indicates the greatest impact of the neural
model on the consolidated weighted price. This model, after optimization, gave the
most accurate forecast.
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Table 1. Actual and forecasted stock price figures for NIKE Inc. during test periods,

US $/ share
Data [Pr P NN | PrPM | Pr P DCF | PR P LM Pr_Price | Now_Price
31.05.2001 | 5,175 5,358 6,403 4,553 5,307 6,313
31.05.2002 | 6,186 6,555 8,241 6,036 6,416 5,719
28.02.2003 | 7,180 5,679 6,548 6,051 6,923 6,498
31.05.2007 | 13,366 12,797 14,820 11,208 13,417 13,53
30.11.2007 | 15,731 14,777 18,244 17,081 15,824 15,175
29.02.2008 | 16,753 13,561 15,816 15,965 16,243 16,23
30.11.2009 | 15,830 14,847 16,230 15,729 15,733 16,143
30.11.2010 | 20,236 21,092 21,269 21,346 20,442 22,073
30.11.2015 | 63,028 66,428 66,328 67,843 63,774 62,46

Figure 6 illustrates the deviation of the consolidated forecast price (Pr_Price) and
the price calculated by the linear model (Pr_P_ LM) from the actual price
(Now_Price). As can be seen from Figure 6 and Table 1, the forecasted prices for the
model we have developed are deviating less from the actual price line than the fore-
casted prices constructed according to the linear model, which indicates the undenia-
ble advantages of the first model.

-030 -020 -010 000 010 020

Deviation Pr_Price from Now_Price

M Deviation Pr_P_ LM from Now_Price

Fig. 6. Comparison of forecasted prices based on the consolidated model and the linear
model with respect to actual prices for shares of NIKE Inc.,%.

A trading system based on a weighted model correctly identified the direction of

price movement in 44% of cases, while 22% of trade signals differed from real price
dynamics directly opposite, and 34% of trading signals differed slightly from the real
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price movement. It should also be noted that 66% of the predicted values indicated the
presence of a bear market, while the actual values in only 33% of observations in the
next period showed a falling trend.

For comparison, the trading system based on a linear model correctly predicted the
direction of prices only in 33% of the cases, another 33% of trading signals differed
directly opposite from the real price dynamics, and the remaining 34% had a slight
deviation from the real movement of prices. In one case, the trading system recom-
mended not entering the market while during this period there was a bullish trend, so
earnings opportunities would have been lost, and in two cases the system recom-
mended taking a short position, when in fact the market during the quarter was in a
side movement.

4.3  Forecast of Prices Using the Developed Trading Model

Since the testing did not give a precise assurance of the efficiency of the model, a
forward test had to be carried out, that is, an analysis of the forecasted price within the
actual time period that was not investigated nor considered. This is best done on the
broker's demo account using the whole sample of data (95 quarters) to predict, not the
10% as used during testing.

For the forecast, a period was chosen that was not used in the model (31.08.2018-
30.11.2018) and a quarterly forecast of stock prices of NIKE Inc. was made. (Figure
7, Table 2).

PrPLM

90 427 \
Pr_P_DCF

85 587

O i

Pr P_M

Now_Price
75 12

78. 928
Pr_P_NN
80.191

Pr_Price

Fig. 7. Estimated price models and actual share price for NIKE Inc. as of 30.11.2018,
USD US / share
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Table 2. Comparison of NIKE Inc.'s forecasted price models and actual prices. as of
30.11.2018, USD US / share

Actual price Estimated Actual price —
L : . - Rejection of
Designation (Now_price) price (Now_price) . .
projected prices
of models (as of as of as of from actual
31.08.2018 30.11.2018 30.11.2018
Pr P DCF 82,20 85,59 75,12 10,47
Pr P M 82,20 83,98 75,12 8,86
Pr P_NN 82,20 78,93 75,12 3,81
Pr_Price 82,20 80,19 75,12 5,07
Pr P LM 82,20 90,43 75,12 15,31

Thus, the biggest difference between the forecast and actual price as calculated
based on linear regression model was $15.31 per share. The smallest deviation from
the projected price from the actual demonstration was the model based on the neural
network at $3.81 per share. This model has the greatest impact on the consolidated
weighted price, so the deviation from the actual price was $5.07 per share.

Both the neural network model and the consolidated model predicted lower prices
at the end of the examined quarters than at the beginning. However, all other models
predicted a bullish trend, which proved to be false. The joint impact of model multi-
pliers (M) and the discounted cash flow model (DCF) had a negligible effect on the
consolidated model.

During the period in which the forward analysis was conducted there were no sig-
nificant changes in the company's policy nor strategy, and the projected figures for the
following year were not revised. However, there was a negative marketing impact
when the company’s major advertising face, Cristiano Ronaldo, was accused of per-
sonal income tax evasion. This news alone could have provoked a downward trend in
prices that we could predict using a trading system based on our consolidated model,
which showed better results than the linear regression model, and the two models,
neural network and discounted cash flows, which had been tested separately

5 Conclusions

Consequently, the created trading algorithm is capable of allowing predictions to be
made of the company's share price with a fairly high accuracy using the consolidated
model. The largest influence on the company's share price is made by indicators such
as revenue, net profit and aggregate assets for which the correlation coefficient is
more than 0.95. The company has a sound dividend policy, so dividend changes have
little effect on price dynamics.

The results of the work also identified directions for improving the trading algo-
rithm.

1) In further research, we plan to extend the horizon of the forecast, as the stock
market is one of the best environments for long-term investment. It will also simplify
the calculations, namely, deviating from the analysis of quarterly indicators to annual.
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2) In many cases, test tests, if we put TakeProfit at the predicted value, we could
profit before, and sometimes even avoid losses. Therefore, in the future, we plan on
using two models to determine the expediency of buying shares, and the neural net-
work to determine when it is best to buy or sell shares.

3) In order to diversify risks, it is expedient to use not only shares of one company
for forecasting but also to form a stock portfolio for investing funds.

4) The broader coverage of the fundamental factors that will be included in the
model for analysis will only improve the results of the work.

Improving the trading system will allow more accurate forecasts and, accordingly,
more effective investments in the stock market.
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Abstract. In this study, we consider the relationship between oil and gas prices,
the Dow Jones index, the US dollar index and their volatility indicators.
Application of wavelet analysis allows to reveal regularities of dynamics of
selected time series at different periods. The Wavelet approach makes it
possible to determine how these variables interact at different frequencies, and
how this interaction evolves over time on different frequency scales. Common
revenue movements of the studied time series characterize the behavior of the
relevant markets. The levels of high volatility at similar intervals explain that
there is a link between the changes in these markets, and the global economy is
vulnerable to oil and gas prices, the value of the dollar index and the Dow Jones
index. At the next stage of the research, a comparison of the predictive
capabilities of Long Short Term Memory and Wavelet based Back Propagation
neural networks for co-movement leaders is made.

Keywords: wavelet analysis, wavelet coherence, wavelet multiple correlation
and cross correlation, neural networks, volatility.

1 Introduction

The global financial system combines various assets traded in markets. These markets
have characteristics that lead to different types of volatility. Asset prices react to each
other in many respects. Market participants operate at different time scales, depending
on their requirements, and, therefore, the true dynamic structure of the relationship
between variables can vary at different time scales. Looking at this phenomenon in
terms of portfolio diversification, one can say that market participants with short-term
investment horizons are active at higher frequencies, and those with long-term
investment horizons operate on a longer scale. Therefore, it is necessary to analyze
co-movements in the markets on several scales. Wavelet methods provide a large-
scale data analysis naturally [1].

The growing interest in wavelet analysis among economic researchers and its
applicability in such areas as time decomposition, forecasting and density estimation
led to the emergence of various wavelet techniques for analyzing nonstationary
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financial time series [2]. The wavelet approach is ideally suited for studying high-
frequency data generated by financial markets, providing valuable information for
decision-making, as an analyst can focus on a certain amount of time when trade
patterns are considered important. Thus, wavelet technique has enormous potential in
economics and finances, since the relationships between different variables can be
analyzed in time-frequency space. It allows to research the interconnections between
variables at different frequencies and the corresponding information on the evolution
of a variable in time simultaneously.

Continuous wavelet transform is a promising method for analyzing the joint
movement of stock prices in different countries, since this technique can illustrate the
value of the share price ratio between two different markets in time-frequency space.
It follows that the trend in the stock returns co-movement can be divided into short,
medium and long-term horizons, which serve as an important benchmark for investors
to make investment decisions in the short, medium and long term, respectively.

The purpose of the paper is to study the dynamics of oil and gas prices, Dow Jones
and US dollar indexes, and to identify co-movements in relevant markets in time and
frequency domains. Using wavelet methodologies, pair coherence and multiple
correlation of time series returns were studied in order to determine co-movements
leaders at the appropriate frequency and time scales. For these leaders, the prognostic
capabilities of the Long Short Term Memory (LSTM) and Wavelet based Back
Propagation (WBP) neural networks were compared.

2 Analysis of Recent Research

Over the past decades, many studies have examined the interconnection between
different economic variables in different markets. Rua and Nunes [3] suggested using
a continuous wavelet analysis to evaluate the co-movement of stock prices on
international stock markets. Following the methodology of Rua and Nunes, the co-
movement of various economic variables on different stock markets has been studied
in many studies [4-6]. Distribution of profits in various energy markets was
considered in [7]; the relationship between oil prices and the exchange rate was
studied in [8]; the ratio between the price of oil and the price of shares was
investigated in [9].

It is worth noting that there are also many works that use discrete wavelet analysis
to detect the interconnections between different economic variables in different
countries. The discrete wavelet analysis was first proposed by Ramsey and Lampast
[10] to study the relationship between income and other macroeconomic variables.
This technique has become very popular in applied economics since Gencay, Selcuk,
Whitcher [11] and Percival, Walden [12] presented details of the discrete wavelet
method for analyzing time series [13]. According to this methodology, the
relationship between different economic variables, such as the co-movement of profits
in different stock markets [14, 15], the co-movement of long-term interest rates
between European countries [16] was investigated. The global relationship between
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the Dow Jones Industrial Average and the US industrial index is analyzed by
Gallegati [17] using wavelet correlation and cross-correlation methods.

In [18], using a wavelet approach, the relationship between four basic assets
simultaneously (oil, gold, currency and stocks), between the four fear indices (OVX,
GVZ, EVZ and VIX) and the link between all assets for detection of co-movement in
the world financial markets. In [19] authors state that oil is now the most important
source of energy. Any sharp drop in its prices will have beneficial effects on the US
dollar and mainly for the economic competitiveness of countries that are not large oil
producers, and vice versa.

As companies operating in oil, gold and forex markets sell their stocks on the stock
market, one can expect stocks to represent the most important of these four assets.
They are the key factors in asset allocation and, therefore, are most sensitive to global
shocks [20-22].

All of the above studies are an example of the relationship between underlying
assets and total volatility indices in the time domain. However, what promises the
simultaneous region and area frequency (wavelet analysis) in this area of research,
you can make the analysis of the co-movement more complex and useful to investors.
It is expected that oil and US dollar prices will be more prone to external shocks due
to the specific features of their markets, which are heavily dependent on policy
interference through energy and monetary policy, to which extent these markets react
to each other and the feedback between gold and stocks are even complex and fuzzy
[23-24].

Unpredictable stock market factors make stock futures forecasting more
complicated. Although the efforts in an effective prediction method developing have a
long history, recent advances in the field of artificial intelligence and the use of
artificial neural networks have increased success in a nonlinear approximation. In
[25], it is suggested to use a combination of a futures forecasting model based on a
stock index using neural networks of deep learning (an automatic encoder and a
limited Boltzmann machine).

3 Research Methods

Wavelet technics based on discrete wavelet transform (DWT) and continuous wavelet
transform (CWT) are used to study interconnections and interactions between time
series. CWT is used to determine the wavelet power spectrum of a signal and wavelet
coherence of two signals. DWT is used to compute the multiple wavelet correlation
and multiple cross-wavelet correlation of time series.

The wavelet function y/(t) is a local function, both in time and in frequency, and it

is defined as:
1

t—7
t)=—w| —1|, 5,7€R,s#0,
v, (t) \ﬂqw( 5 j

where s — scale factor that controls the width of the wavelet, 7 — time interval. The
wavelet function must satisfy the admissibility conditions [12, 26-27].
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CWT for time series X(t) is defined as: W, (z,s) \/_'[ [ Jdt

The Wavelet Power Spectrum (WPS) provides information about the local variance
of time series at each frequency. WPS describes how the time series x(t) varies over

the selected scale and at the selected time point. WPS is defined as the square of the
absolute value of CWT:

WPS, (7,5) =|W, (z,5)[ .

Wavelet Coherence (WC) is a powerful tool for describing the interaction between
two time series and studying their co-movements in common time and frequency
domains. The first step in removing the WC is the cross-wavelet transform (CRWT)
calculation. CRWT of two time series X(t) and y(t) is defined as follows:

ny (r, S) =W, (Z’, S)W; (T, S),
where W, and W, — CWT of time series X(t) and y(t) respectively, and the symbol

“ denotes complex conjugation.
In this case, the cross-wavelet power (CWP) is determined as follows:

CWP,, =|W, (z.s)|.

By defining CRWT and CWP, one can enter square wavelet coherence (SWC):
S(s™W, (z,))[

Riy (T’ ) = ‘ ‘

s(s[w, (z.s))s (,1|W Ts|)’

where S - smoothing operator.

The wavelet coherence coefficient varies between 0 and 1, and it can be considered
as the square of the local correlation coefficient between two time series. A greater
value of this coefficient indicates a stronger relationship between the time series [11,
13, 24].

SWC is not able to distinguish between positive and negative correlations and to
determine the relationship between two time series. For this reason, the wavelet-
coherence phase difference was introduced [15]:

3{s(s*W, (z.5))}
SR{S(s‘lWXy (rs))} ’

where 3 and R are imaginary and valid operators, respectively.

Arrows on the wavelet coherence figures represent the phase difference. Following
the trigonometric convention the direction of arrows shows the relative phasing of
time series and can be interpreted as indicating a lead/lag relationship. If the arrows
point to the right (left), the time series are in-phase (anti-phase), i.e. they are
positively or negatively correlated, respectively. If the arrows point up and right (left),
this indicates that the study series are in-phase (anti-phase) and the first (second) time
series leads the second (first) one. A zero phase indicates that two series move
together [13].

@, (7,5)=tang™
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In contrast to the two-dimensional analysis, the multiple wavelet correlation
(WMC), developed by Fernandez and Macho [14], allows us to determine the general
correlation that can exist at different time scales within a multivariable set of
variables. WMC is defined as a single set of multivalued correlations calculated from

a multivariate stochastic process X, =(X11,X2t,...,xm). The wavelet coefficients of j

level (W,,) and scaling coefficients (V,,) will be obtained for the maximum

it
overlap DWT (MODWT) method. In each scale 2,, WMC {(px (4, )} is calculated as
the square root of the regression determination coefficient in such a linear
combination of wavelet coefficients W, I(lesz;n---:Wnn) for which the
determination coefficient is the maximum.

The WMC coefficient can be expressed as wavelet dispersion and covariance:

Cov (w, Wy )

\/ Var (w ) Var (@, )
where w,, is chosen for maximum increase ¢ (/11. ) and w,, denotes fitted values in

Dy (/Ij ) = Corr(vvijt , V_vijt)

the regression of w;, on the rest of the wavelet coefficients on the scale 4.
Similarly, allowing a lag between observed and fitted values at each scale 4,, the
WMCC is defined as follows:

COV(VVijt 1 V_Vijt+k )

\/Var(wm )Var (W, )
where k is a lag between observed and fitted values of the variable selected as the
criterion variable at each scale 4, .

Dy k (/11' ) = Corr(vvijt ) V_Vijt+k )

The consistent estimator for the wavelet multiple correlation (denoted by ¢, (ij))
and consistent wavelet multiple cross correlation estimator (denoted by ¢, | (/11. )) can
be constructed in the same way by substituting ¢, (4;) for @ (4;) and ¢y, (4;) for

Bex(4) [14, 28],

The idea of recurrent neural networks (RNN) is to use sequential information. In
the traditional neural network, we assume that all inputs are independent of each
other. But for many tasks, this is not an optimal idea. RNN are called recursive
because they perform the same task for each sequence element, with initial data
dependent on previous calculations. Recurrent neural networks have a "memory" that
captures information about what was calculated by this time [29-31].

The Long Short Term Memory (LSTM) networks are a special type of RNN that
can study long-term dependencies. All RNN have the form of a chain of repetitive
neural network modules. In a standard RNN, this repeating module has a simple
structure of one layer. LSTM also has such a chain structure, but the repeating module
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has four layers. A RNN can be considered as multiple copies of one network, each of
which sends a message to the next one.

The back propagation (BP) neural network is an artificial intelligence algorithm
widely used in prediction, in particular for advanced multiple regression analysis. It
better generates complex and non-linear responses than a standard regression analysis
[32]. A BP network uses the gradient method, and the learning and inertial factors are
determined by experience. This affects the convergence in a BP network.

The Wavelet-based BP method uses both a wavelet-based multi-resolution analysis
and multi-layer artificial neural networks. The DWT allows decomposing sequences
of past data in subsequences (named coefficients) according to different frequency
domains, while preserving their temporal characteristics [33].

To assess the accuracy of forecasting, two criteria are used: mean square error
(RMSE), average absolute percentage error (MAPE).

RMSE=

where y, and vy, - the actual value and the predicted value at time t, respectively, N -

the size of the data set. RMSE expresses the standard deviation of the difference
between predicted and actual values.

MAPE, also known as the average absolute deviation percentage (MAPD),
expresses accuracy in percentages:

N _
MAPE=L 3 |~
1 W
MAPE measures the average absolute relative error of forecasting. RMSE and
MAPE are widely used to estimate predictive accuracy. The accuracy of the model is
higher when the value of RMSE and MAPE are lower.

4 Research results

To study the relationship that causes correlations between the oil and gas market, the
Dow Jones index and the US dollar index, we used Brent crude oil prices, Henry Hub
gas prices, and the Dow Jones index and the US dollar index respectively. The data
set consists of daily figures for the period from September 2007 to January 22, 2019.
This interval was chosen based on the fact that it covers the main fluctuations in
selected markets. Fig. 1 shows the dynamics of prices and indices. We can see that,
for some times, series tend to have the same trend, and in other periods, they are
different. For example, from 2007 to 2008, unlike the oil and gas market, where this
period was characterized by rising prices, we see a decline in the US dollar index and
the relative stability of the Dow Jones index. Between 2008 and 2009 there was a
sharp fall in prices on oil and gas markets and a drop in the Dow Jones index. At the
same time, the US dollar index was stable for the first half of the year and then
increased. In 2014-2015, the US dollar index was growing fast, the Dow Jones index
was slower of it but also growing, unlike oil and gas prices that were falling. Only the
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Dow Jones Index from 2009 to 2018 had a pronounced rising trend, other series were
more volatile.
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Fig. 1. Dynamics of time series
Descriptive statistics of time series logarithmic returns are given in Table 1. The

available average standard deviation ranges from 0.5% to 4.2%, the most volatile time
series is gas price, and the US dollar index is the least volatile. In addition, the
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statistics of Pearson categorically rejects the null hypothesis, which assumes that the
distribution of returns is normal.

Table 1. Descriptive statistics of time series returns

Oil Gas Do_w Jones U_S dollar
index index
Average value 2.65E-06 -2.44E-04 2.33E-04 4.89E-05
Standard 0.022 0.042 0.012 0.005
deviation
Skewness 0.131 0.688 -0.136 -0.009
Kurtosis 5.554 26.077 10.066 2.156
Pearson’s 687.930 1871.100 2313.800 5786.500
statistics

In order to study the interconnections between markets, wavelet analysis is further
used. The calculations were carried out in the RStudio program environment. Morlet's
mother wavelet with six levels of decomposition was used. Fig. 2 shows a wavelet
power spectrum for the oil market at different time scales. Three cycles were chosen
to construct the wavelet power spectrum. The first and second cycles on the middle
scales are 16-32 days (monthly scale) and 32-64 days (from monthly to quarterly
scale). The third cycle on a scale of 64-128 days (from a quarterly to annual scale)
refers to a long-term analysis. These periods are deferred on the vertical axis of the
graph, the time is indicated on the horizontal axis. The wavelet power is indicated by
the color ranging from red to blue, which corresponds to regions of high and low
power respectively. White contours indicate a 5% significance level. "Cone of
influence", where boundary effects become important, is shown with a lighter shade.
Black lines indicate power peaks. There are two distinct regions with high volatility
with white circles at medium scales (16-32 days) in the end of 2008 and the beginning
of 2016. The available peaks of power are due to the global crisis and the sharp drop
in prices on the world market, respectively. One can also observe the high power
region at the beginning of 2015 at medium scale (32-64 days). It can be explained by
the long fall in oil prices when they have reached its historic minimum.

The spectrums of gas prices, the Dow Jones index and the US dollar index have
regions of high power at medium scales (16-32 days, 32-64 days) in the end of 2008.
Also, periods with high volatility of gas prices are observed at the same scales in
2016-2017. For the Dow Jones and US Dollar index, similar regions are in 2011,
2015, and the end of 2018.

The next stage of the study is the calculation of wavelet coherence for the
logarithmic returns of time series. Graphs of spectra are constructed in the same way:
time and period are marked on the axes. In this case, more periods were included,
namely: 2-4 days (intraweek scale), 4-8 days (weekly scale), 8-16 days (two-week
scale), 16-32 days (monthly scale), 32-64 days (from monthly to quarterly scale), 64-
128 days (from quarterly to two-quarter scale), 128-256 days (from two to three
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quarterly scale) and 256-512 days (annual scale). The arrows indicate the phase
difference between the two time series.
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Fig. 2. Wavelet power spectrum of oil market

Figs. 3-5 shows the degree of similarity and phase relationships between the
logarithmic returns of oil and gas prices, oil prices and the US dollar index, oil prices,
and the Dow Jones index respectively.

The coherence between the returns of oil and gas prices (Fig. 3) is strong at high
scales (128-256 days, 256-512 days). Several "islands" of high coherence can be
identified at medium scales in 2008, 2012 and 2015-2017. At the same time, in most
cases, the direction of the arrows indicates that changes in oil prices lead to changes
in the gas market, that is, the oil prices are leading.

Fig. 4 shows the wavelet coherence between the returns of oil and the US dollar
index. One can see the similar picture, but in this case, the series are in the antiphase.
That is, the volatility of the US dollar index causes changes in the oil market. At low
scales, the correlation is weak, strong correlation periods are observed in 2008 and
over the period 2015-2017 at medium and high scales.

Analyzing the coherence between the returns of the oil prices and the Dow Jones
index (Fig. 5), we can say that fluctuations in oil prices affect the volatility of the
Dow Jones index, that is, the series correlate positively. Three high-coherence periods
can be distinguished: 2008, mid-2011 and 2016 at medium and high scales. At low
scales, the correlation is small.

Interaction of the time series of gas prices and the US dollar index is weak at low
and medium scales, but significant at high one. There is a period of high coherence in
the period 2008-2009. In this case, the arrows are mainly directed upwards and to the
left. It indicates the two series are in antiphase. The US dollar index is a leading
series, its volatility affects the gas market.

The correlation between returns of gas prices and the Dow Jones index is similar: it
is negligible or absent at all low scales, but strong at medium and high. There is a
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marked area of high coherence at high scales in 2008. It is interesting, the gas market
is leading at medium scales, and the Dow Jones index is leading at high ones.
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Fig. 3. Wavelet coherence between returns of oil and gas prices
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Fig. 4. Wavelet coherence between returns of oil price and the US dollar index
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Fig. 5. Wavelet coherence between returns of oil price and the Dow Jones index

At medium and high scales, the returns of the US dollar index and the Dow Jones
index are both in antipha