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Preface 

It is our pleasure to present you the proceedings of the 1st International Workshop on 
Augmented Reality in Education (AREdu 2018). The workshop took place in Kryvyi 
Rih (Ukraine) on October 2, 2018. This volume focused on advancing research and also 
academic applications of information and communication technologies related to aug-
mented reality (AR); history, state-of-the-art and trends in AR-based learning and com-
puter-based training. 

Overall the AREdu 2018 attracted 41 submissions. Out of these, we have accepted 
24 high quality and most interesting papers to be presented at the workshop and pub-
lished in our proceedings. Each submission was peer-reviewed by at least two experts 
regarding its relevance for the workshop, scientific quality, originality, and technical 
adequacy. Topics include using the AR to teach of global reading of preschoolers with 
autism spectrum disorders, in science and STEM education, professional training and 
retraining etc. 

The AREdu 2018 would not have been possible without the support of many people. 
First of all, we would like to thank all the authors who submitted papers and thus 
demonstrated their interest in the research problems within our scope. We are very 
grateful to the members of our Program Committee for providing timely and thorough 
reviews. We would like to thank the local organizers of the conference whose devotion 
and efficiency made our event a very interesting and effective scientific forum. 

 
October, 2018 Arnold E. Kiv 
 Vladimir N. Soloviev 
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Abstract. Aims of the study: to substantiate possibilities of the research compe-
tencies formation among senior pupils in terms of profile Chemistry learning by 
means of practical using information and communication technology while ac-
complishing an elective course “Basics of quantitative chemical analysis”. This 
research considers the influence of various ICT tools on the formation of indi-
vidual study and research competencies, in particular the system components of 
the research competencies among senior pupils in terms of profile Chemistry 
learning and the methods of their practical applying while accomplishing an elec-
tive course “Basics of quantitative chemical analysis”. Object of the study: ICT 
tools for Chemistry learning. Subject of the study: ICT tools of research compe-
tencies formation among senior pupils in terms of profile Chemistry learning. 
Methods of the study: reviewing and analyzing scientific publications, expert 
evaluation, summarizing pedagogical experience. Results of the study: the system 
of research competencies formation among senior pupils is effectively provided 
by the correct selection of ICT tools and conditions of their applying for the cer-
tain research competence formation, which embodies system components. Our 
research confirms the idea that the most ICT tools are to be leading in the devel-
opment of research competencies among senior pupils in profile Chemistry learn-
ing. They are successfully tested by means of their applying in the process of 
studying the elective course “Basics of Quantitative Chemical Analysis”. They 
show the high effectiveness. Our study confirms that virtual chemical laborato-
ries are the most universal and influential tools of forming the research compe-
tencies among senior pupils in profile Chemistry learning. 

Keywords: ICT, profile Chemistry learning, senior pupils’ research competen-
cies, methods of using ICT as a tool of forming the senior pupils’ research com-
petencies in terms of profile Chemistry learning, computer-oriented elective 
course “Basics of quantitative chemical analysis”. 

1 Introduction 

While solving the scientific problem of using the ICT as tools of forming the senior 
pupils’ research competencies in terms of profile Chemistry learning, the following 



main results were obtained in past works: performing the theoretical analysis of re-
search competencies formation among senior pupils’ in terms of profile Chemistry 
learning [4; 5; 13]; creating the system of research competencies among senior pupils’ 
in profile Chemistry learning [11]; defying the ICT tools for profile Chemistry learning, 
which will contribute to the development of pupils’ research competencies (the elec-
tronic spreadsheets, the tools of educational achievements control and self-control, the 
tools for creating multimedia presentations, the general-purpose search systems, the 
learning management systems, the text editors, the cloud-oriented tools of supporting 
joint research and study activities, the adaptive automated Chemistry training systems, 
the virtual chemical laboratories, the electronic periodic systems, the tools for computer 
modeling of chemical processes, the Chemistry educational games, the popular science 
and vocational chemical information Internet resources, the Chemistry program and 
method complexes, the simulators and electronic workshops, the Chemistry search sys-
tems, the chemical editors) [6; 8; 9; 12; 14]; developing the ICT model of research 
competencies formation among senior pupils’ in profile Chemistry learning and its the-
oretical justification [5]; developing the method components of using ICT as the tools 
of forming research competencies among senior pupils’ in profile Chemistry learning 
and experimental testifying of its effectiveness [7; 10; 15]. 

The system of senior pupils’ research competencies in profile Chemistry learning 
[11] includes three groups: 

1. General science competencies are related to the mastery of universal research meth-
ods. They are necessary for the research activity in any scientific discipline (GRC-01 
– the ability to formulate the research hypothesis; GRC-02 – the ability to plan the 
hypothesis testing; GRC-03 – the ability to realize and justify the relevance of the 
research; GRC-04 – the ability to evaluate the moral and social aspects of scientific 
research; GRC-05 – the ability to find and use the reference materials that are nec-
essary for the research; GRC-06 – the ability to think critically, GRC-07 – the ability 
to analyze and formalize the research results; GRC-08 – the ability to formulate con-
clusions; GRC-09 – the ability to substantiate the submission of research results; to 
protect the own opinion; to discuss; GRC-10 – the ability to work together in the 
research process); 

2. Natural science competencies are related to the research of the real natural objects 
and their interconnections. They are necessary for the research activities in the field 
of Natural Sciences (SRC-01 – the formation of representations about the stages of 
the cognitive activity in Natural Sciences, the Elements of Metrology; SRC-02 – the 
ability to plan an experiment; SRC-03 – the ability to carry out the individual oper-
ations competently during the experiment; SRC-04 – the ability to conduct experi-
ments in order to know the properties of bodies and substances, to identify the fea-
tures of the growth, the development and the behavior of organisms; SRC-05 – the 
ability to adhere to the safety rules during the experiment; SRC-06 – the ability to 
perform the mathematical analysis of the experimental research results; SRC-07 – 
forming the representations of the general laws of nature and the natural sciences 
picture of the world, the general structure of the universe, the integrity of nature; 
SRC-08 – the ability to use the experimental and statistical methods and modeling 
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the objects of live and inanimate nature; SRC-09 – the ability to distribute work in 
the process of experiment that the purpose of optimization); 

3. Chemical competencies, which are related to the mastery of special chemical re-
search methods and necessary for the research activities in different branches of 
Chemistry (CRC-01 – the ability to distinguish the chemical phenomena of nature 
from the others; CRC-02 – the ability to use chemical dishes and equipment cor-
rectly; CRC-03 – the ability to adapt the existing chemical dishes and equipment for 
the experiment needs; CRC-04 – the ability to compose and use devices for carrying 
out the experiments; CRC-05 – the ability to perform the laboratory operations cor-
rectly: heating, cooling, filtering, mixing, weighing, etc.; CRC-06 – the ability to use 
chemical symbols, formuli, modern Ukrainian chemical nomenclature; CRC-07 – 
the ability to predict the course of chemical reactions, based on the properties of the 
substances that are taking part in them, and the conditions of the reaction; CRC-08 
– the ability to justify the relationship between the structure of matter and its prop-
erties; CRC-09 – the ability to perform the various types of chemical calculations; 
CRC-10 – the ability to draw conclusions about the properties of matter, based on 
the structure of the molecule substances; CRC-11 – the ability to draw conclusions 
about the structure of substances based on their properties; CRC-12 – the ability to 
solve the experimental problems in chemistry. 

2 The Aim of the Study 

Therefore, the aim of the study is to substantiate possibilities of ICT implementing in 
the elective course “Basics of Quantitative Chemical Analysis” in order to form re-
search competencies among senior pupils while profile Chemistry learning, as well as 
to develop the individual method components of using ICT as tools of forming research 
competencies among the senior pupils’ while their profile Chemistry learning. 

3 Methods of using ICT as tools of forming the senior pupils’ 

research competencies in the elective course “Basics of 

Quantitative Chemical Analysis” 

Let us consider how the selected ICT tools used in the elective course “Basics of Quan-
titative Chemistry Analysis” form the research competencies among senior pupils while 
profile Chemistry learning. 

Electronic spreadsheets are used within the elective course “Basics of Quantitative 
Chemistry Analysis” as one of the most convenient ICT tools for support and automa-
tion of study and research activities. They are used primarily for the filling, saving, 
recording and processing numerical or other data obtained during the experiment, or 
necessary for task solving. In this case electronic spreadsheets represent a symbiosis of 
the laboratory journal, which is the tool of data processing and its visual representation. 
According to the results of expert evaluation [8], the total contribution of electronic 



spreadsheets in the formation of research competencies system among senior pupils 
while profile Chemistry learning is about 6.64%. 

Electronic spreadsheets are the leading ICT tools in formation of SRC-06, GRC-07, 
SRC-08 and CRC-09. According to expert evaluation electronic spreadsheets are the 
only effective tools of forming SRC-06. 

The tools of educational achievements control and self-control are not a leading tools 
for any of research competencies. However their overall contribution to the formation 
of the research competencies system among senior pupils while profile Chemistry 
learning is quite significant and is about 5.63%. It using can considerably impact the 
formation of GRC-06 and CRC-09. It can be seen during precise controlling and self-
controlling the personal Chemistry knowledge and skill level pupils have to make cer-
tain calculations and apply critical thinking, to obtain or select correct answers to the 
tasks. 

Due to these ICTs in most cases precise and final control and self-control are used 
to evaluate pupils’ educational achievements in Basics Quantitative Chemical Analysis 
both in local (using the MyTest program) and remote (built into the Moodle system at 
http://ict-chem.ccjournals.eu test editors) mode. 

Taking into account the peculiarities of the elective course “Basics Quantitative 
Chemical Analysis” applying tests with close-ended format tasks provides an oppor-
tunity to check the facts knowledge: the names of reagents, equipment, rules for indi-
vidual chemical analysis operations related to CRC-06. Open-ended format tasks pro-
vide an opportunity to check the knowledge of the main terms, formuli and laws used 
in Quantitative Chemical Analysis, skills to solve the simplest calculation problems 
associated with CRC-09. Match-finding tasks can be used both to check the knowledge 
of actual material and understanding the certain laws, rules, GRC-06 and GRC-08. The 
tasks on establishing the correct sequence allow to check the knowledge and under-
standing the algorithms of chemical analytical studies, CRC-05, SRC-02, etc. 

The main focus is put on the test tasks, which are based on the calculation problems. 
During studying the abovementioned elective course, senior pupils learn to solve sev-
eral types of problems. Among them are the following: the calculation of analysis re-
sults, the magnitude of errors, the preparation of reagent solutions, the result validity 
etc. (research competencies GRC-07, SRC-06, CRC-09). Similar calculation problems 
can be transformed into open or close-ended format tasks. 

The tests checking pupils’ knowledge contain simple one-step calculation problems, 
which allow us checking the formation of these research competencies. Controlling the 
ability to solve complicated two or more step calculation problems in Chemistry and 
carrying out individual control works with further result analyzing are reasonable. 

To solve the tasks of the first complexity level, the pupil has to recognize or identify 
certain objects or phenomena associated with the formation of the CRC-01. The most 
appropriate test tasks for this complexity level are close-ended format tasks, which pro-
vide one or multioption correct variant answers and the tasks of correspondence find-
ing. 

To solve tasks of the second complexity level, it is necessary to perform such oper-
ations as non-clue recollecting, solving typical tasks that include the usage of previ-
ously studied algorithms, formuli, rules, etc. We considered open-ended format tasks 
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the most convenient ones for this complexity level. Among them are the tasks of estab-
lishing the correct sequence and appropriately built-up tasks for establishing conform-
ity and close-ended format tasks (mostly represented by the calculation problems). 

The tasks of the third complexity level include pupil heuristic activity, the ability to 
use critical thinking in problem solving (GRC-06) such as: the strategy of actions in 
non-standard situations, solving tasks, which do not explicitly contain all necessary 
data. For this level, the most sufficient tasks are open-ended format tasks, such as the 
tasks of establishing the correct sequence and correspondence finding. 

The fourth complexity level includes the problem solving ability and creative tasks, 
which do not presuppose a prior plan of solving or do not correspond to the usual prob-
lem-solving strategies. Setting the tasks of this type and their implementation requires 
the formation of all research competencies components at a high level. 

The tools for creating multimedia presentations are leading for the formation of 
GRC-07, GRC-08 and GRC-09. As for the GRC-09 the tools of developing multi-me-
dia presentations are the only leading ones. The total contribution of these tools to the 
formation of research competencies system among senior pupils in profile Chemistry 
learning is 12.76%. 

The tools for creating multimedia presentations are used by pupils at the final stages 
of study and research especially for completing results of project implementation, pre-
senting reports and individual works etc. The process of creating a presentation meeting 
all the content and structure requirements, demands from pupils to show skills of high-
lighting the key points; presenting the report content clearly, plainly and briefly; mak-
ing conclusions; creating and executing visual aids (figures, diagrams, schemes); think-
ing over the report script etc. 

General-purpose search systems are the main and simultaneously the only one ICT 
tools used for such research competences formation as GRC-05. However the total con-
tribution of general-purpose search systems into the formation of research competen-
cies system among senior pupils in profile Chemistry learning is quite significant – 
9.39%. 

Applying general-purpose search system is possible and valid at all stages of the 
education process within the elective course “Basics of Quantitative Chemical Analy-
sis”. The objective of using general purpose search systems is not only to provide pupils 
with the required data amount for more detailed and profound mastering the elective 
course materials, but also to develop their skills in formulating search queries, critical 
quality assessment of link sources, which are offered by the search system. 

Learning management systems (LMS) are the leading tools of GRC-10 formation. 
The total contribution of these tools to the formation of research competencies among 
senior pupils in profile Chemistry learning is 7.66%. 

We use the Moodle LMS (access mode: http://ict-chem.ccjournals.eu), which hosts 
the digital version of the elective course “Basics of Quantitative Chemical Analysis”. 
Using the Moodle LMS provides the opportunity to arrange, place and organize teach-
ing materials. It also supports distance course studying and organizes joint work be-
tween teachers and pupils as well as pupils with each other, contributing to the for-



mation of GRC-10 and SRC-09. The LMS serves as a special kind of organizing teach-
ing materials and other ICT tools necessary to master the course and collaborate with 
users. 

Text editors are the leading tools of GRC-07 and GRC-08 formation, while the total 
contribution of text editors to the development of research competencies system is 
7.26%. 

Taking into account that text creating, editing and formatting is an integral part of 
the pupil’s study and research activities and their communication by ICT tools. Text 
editors have been used in all stages of the elective course “Basics of Quantitative Chem-
ical Analysis”. The particular importance of text editors acquires while making reports 
about the results of the research work. Consequently this tools is considered to be the 
leading one in the formation of general research competencies and contributes to the 
formation of GRC-10. The significant contribution of text editors to the formation of 
CRC-06 should be noted, since this research competence is also related to the need to 
formulate and format the texts properly. 

The cloud-oriented tools of supporting joint research and study activities are specific 
ICT tools for research competencies formation among senior pupils in profile Chemis-
try learning. These tools are leading in forming the only one research competence and 
thus they have the lowest indicators of total contribution to the formation of the research 
competencies system among senior pupils in profile Chemistry learning – 4.84%. In 
other words the contribution of cloud-oriented tools of supporting joint research and 
study activities in the formation of the major research competencies, according to ex-
perts, is negligible. Nevertheless the indicators of the contribution to GRC-10 formation 
are the possible maximum that can be practically achieved. It proves the enormous role 
of these tools in the formation of the above-mentioned competences. 

This research has used cloud services appropriate for organizing joint education ac-
tivities presented in the way of relevant documents (text files, presentations, etc.) with 
an open access for sharing and editing while organizing pupils’ individual work, project 
group work, consulting teacher work, etc. 

The specific cloud-oriented tools of supporting collaborative study activities are 
ICTs for project management. This kind of software that is typically focused on busi-
ness project management such as: event planning and task management through the 
procedure of identifying and decomposing project components, building a hierarchical 
work structure, planning of interconnected events, resource allocation for specific tasks, 
tasks distribution among different executors, the calculation of time required for pro-
ject, constructing the schedule of task implementing and Gantt charts, task sorting, sim-
ultaneous managing of several projects. In addition, project management tools provide 
the ability to manage data (creating task lists, collecting data on the timing of work, 
warning of potential risks, workload data, project progress, indicators and their predic-
tion), project management communications (discussing project working issues, fixing 
problems and requests for changes, taking into account project risks, providing access 
to project progress data). The above mentioned options can also be effective in profile 
Chemistry learning for the organizing cooperative study research work, primarily re-
mote one. 
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Adaptive automated Chemistry training systems, despite the significant contribution 
to the general development of research competencies system among senior pupils in 
profile Chemistry learning, which is 12.57%, are an important tool of forming only one 
competence – CRC-09. It should be noted that this ICT tool has a great impact on the 
formation of other chemical expertise, in particular, CRC-01, CRC-06, CRC-07 and 
CRC-12. 

Virtual chemical laboratories (VCL) are a leading tool in simultaneous forming of 
ten research competencies. For all of them, VCL have been recognized by experts as 
the only leading ICT tools. Among of these research competencies are SRC-02, 
SRC-04, SRC-05, CRC-03, CRC-04 and CRC-12. 

The formation of four other research competencies requires the usage of not only 
VCL as the leading one, but also some other ICTs: SRC-03, CRC-02, CRC-05 and 
CRC-07. In general, the contribution of VCL to the formation of research competencies 
system among senior pupils in the profile Chemistry learning is the largest of all ICT 
tools, and it is 24.84%. Thus, VCL can be considered as the most influential and most 
universal ICT tools for research competencies formation among senior pupils in the 
profile Chemistry learning. 

Studying of the elective course “Basics of Quantitative Chemical Analysis” gives 
VCL the variety of important roles: training before conducting field experiments and 
laboratory works (including the individual work and homework); modeling of pro-
cesses and phenomena that make up the theoretical method basis of Quantitative Chem-
ical Analysis, in order to find out their essence and determine their peculiarities; con-
ducting virtual laboratory works and experiments, which obviously can not be carried 
out as a full-scale experiment; implementing a laboratory workshop in the form of dis-
tance learning for individual student study. 

For this purpose, the complementary sets of laboratory works are created in two 
VCLs (Virtual Lab and ChemLab [10]). Also relevant software products in Ukrainian 
are localized, and a VlabEmbed plugin is created to build in the Virtual Lab into the 
pages of the site on the Moodle platform [6]. Taking into account the various possibil-
ities of the Virtual Lab and the ChemLab for simulating different processes, created 
virtual laboratory kits are not interchangeable but complementary, giving the oppor-
tunity to increase the formation of the relevant research competencies among senior 
pupils in terms of performing the virtual laboratory work. 

Electronic periodic systems are the leading tools for the formation of GRC-05, 
CRC-06 and CRC-08. The total contribution of electronic periodic systems in forming 
research competencies system among senior pupils in the profile Chemistry learning is 
7.55%. 

Electronic periodic systems are used in the process of profile Chemistry leaning as 
a source of reference data and a convenient means of its ordering. It is also a tool for 
expanding the chemical horizons, mastering the modern chemical nomenclature etc. 
Directly supporting the elective course “Basics of Quantitative Chemical Analysis”, 
electronic periodic systems are used as a source of reference data. However, when re-
vising the topic “Periodic law and periodic system of chemical elements”, as well as 
leaning Elemental Chemistry in the 10th grade, this ICT tool is an extremely convenient 



one for work both during lessons, and for the organizing individual, study and research 
work among senior pupils. 

The tools for computer modeling of chemical processes due to the methods of Mo-
lecular Mechanics and Dynamics, Quantum Chemistry, etc., are hardly used in the prac-
tice of profile Chemistry learning. They are to solve rather complex and specific chem-
ical problems related to theoretical calculations and modeling of molecular structures, 
intermolecular interactions, the influence of conditions on the course of physical and 
physical-chemical processes, etc. Their applying is considered to be used for the study 
and research activity of pupils in the fields of Organic, Bioorganic and General Chem-
istry at a high theoretical level. The total contribution of the computer simulation of 
chemical processes to the formation of research competencies system among senior 
pupils in the profile Chemistry learning is 11.16%. 

Despite the relative complexity of their use, these ICTs have been identified as the 
leading tools by the expert evaluation of the SRC-08, CRC-07, CRC-08, CRC-10, and 
CRC-11 formation. For two latter ones the tools for computer modeling of chemical 
processes are the only ones. 

Chemistry educational games is the leading ICT tool in forming GRC-06, but the 
overall contribution of Chemistry training games to forming research competencies 
system among senior pupils in the profile Chemistry learning is quite significant and it 
is 8.07%. 

This expert opinion correlates with the views of S. O. Terno, who believes that crit-
ical thinking is primarily aimed at solving a certain problem (difficulty) [16, p. 44], and 
its source may be a game. Games provide an inviting opportunity for learners to dis-
cover and develop skills and knowledge that can be used later in real life. Moreover it 
helps to test different solutions for problem situations and to get an idea of action ef-
fectiveness, which improves their situational assessment and critical thinking skills [1]. 

David E. Henderson [3] offers the pattern of a Business Chemistry game aimed to 
develop pupil critical thinking in the process of information searching. This game can 
use both conventional data sources (often scientific libraries), accessible through the 
general-purpose search systems, as well as specialized ones, accessible through the 
popular science and vocational chemical information Internet resources, chemical 
search systems, etc. The plot of the game is to identify, study and verify the need to 
develop and produce new chemical equipment for chemical analysis (spectrometric, 
electrochemical, voltammetric, magnetic resonance, radiographic, etc.). During the 
game ICTs are used, such as electronic spreadsheets (for data analysis), mindmaps (for 
displaying different proposals to select the best one), tools for providing instructional 
communication in asynchronous and synchronous modes (for group learning and re-
search activities), tools for planning educational activities and cloud-oriented support-
ing tools for joint study and research activities (for planning and monitoring the stages 
of project implementation), the web-conferencing learning tools (for remote meetings 
and discussions), word processing tools and multimedia presentation creators (for a 
visual representation of progressing, intermediate and final study results). 

For example, the subject of the Chembridge Chemistry game requires the players to 
have the define the oxidation state of chemical elements in compounds, and to make 
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reasonable assumptions about the redox properties of these compounds. It also contrib-
utes to the development of critical thinking, since every game situation requires a well-
balanced action approach. For instance, one of the cards denotes the TiF3 substance. It 
is difficult to put the oxidation state at once (in the Fluoro atom, the oxidation state is 
–1, and in the Titan atom +3, respectively). But what properties will this compound 
obtain in chemical reactions with other substances: only oxidation, only reduction, or 
oxidation and reduction depending on the reaction? The course of measurements should 
be as follows: Titan’s atom is in the intermediate oxidation state, and therefore it can 
be an oxidizer and a reducer, while the Fluoro atom is at its lowest oxidation state, 
therefore, it can only be a reducer. However, such strong oxidizers do not exist to in-
teract with the Fluoro atom in the oxidation state –1. That is why no attention should 
be paid to the properties of Fluoro in this (or similar) compounds. Consequently, TiF3 
will have both oxidizing and reducing properties, depending on the chemical reaction, 
due to the intermediate oxidation state of the Titan atom in this compound. 

It should be mentioned that the significant number of tasks in the VCL Virtual Lab 
is made up in the way of the game. To some extent it erases the boundary between 
games and VCL. 

Popular science and vocational Chemistry information Internet resources are the 
leading ICT tools of GRC-05, GRC-06, GRC-04, SRC-01, SRC-07 formation. As for 
the three latter of the listed research competencies, the popular science and vocational 
Chemistry information Internet resources are considered the only ICT leading tool. The 
total contribution to the formation of research competencies system among senior pu-
pils in the profile Chemistry learning is 12.89%. 

Unlike Chemistry textbooks that have to concentrate the pupil’s attention on the cer-
tain set of facts, definitions, patterns and rules, written mostly, in a rather “dry” scien-
tific language, science popular Chemistry Internet resources usually do not have these 
restrictions. They pay more attention to the description of vivid or unusual facts asso-
ciated with a chemical object; the history of scientific research; the practical usage of 
chemicals, reactions, laws; the interconnection of Chemistry with other sciences. The 
way of data submission in the popular science and vocational Chemistry information 
Internet resources is also varied in style (maybe both scientific and journalistic, as well 
as artistic or even colloquial), and in mode (in addition to the text and photos, there can 
be used animation, video material, feedback from the author or other users, etc.). 

The above-mentioned content features of the science popular and vocational Chem-
istry Internet resources make them, according to experts, the only one effective tool of 
GRC-04, SRC-01 and SRC-07 development. For example, the on-line version of the 
journal “Chemistry and Life” (https://www.hij.ru/) provides an opportunity to read ar-
ticles published in the journal. These papers encourage readers to think over ethical, 
moral, social and the economic problems of researching in Chemistry and other Natural 
Sciences and form the attitude towards them. They contain a detailed description of 
discoveries history in the field of Chemistry or methods of chemical research. Moreover 
they uncover the problems of other Natural Sciences and their interrelation with Chem-
istry. 

The same content has the Internet magazine “Chemistry and Chemists” (http://chem-
istry-chemists.com/) and other similar resources. 



Chemical information Internet resources often contain a large number of reference 
materials. In particular, on the Chemiday.com site, there is an electronic periodic sys-
tem, a table of salts acids and bases water solubility, a chemical reaction database, a 
chemical encyclopedia, the register of edible additives, etc. However it does not claim 
to be full and complete as this resource constantly improves. That is why if the neces-
sary data is not found, it can searched on other similar resources (xumuk.ru, chem-
port.ru, etc.). 

Taking into consideration the sufficient amount of such resources on Internet, their 
availability, constant expansion and improvement, it is logical to assume that the most 
important contribution of popular science and vocational Chemistry Internet resources 
as ICT tools in forming components of research competencies system among senior 
pupils in the profile Chemistry learning falls is related to GRC-05 formation. 

Critical thinking is based on the cognitive skills of analysis, interpretation, conclu-
sion making, explanation, evaluation, monitoring and correcting of individual thinking. 
Therefore, critical thinking to a certain extent reproduces the process of scientific re-
search as it identifies the problem. It also states the hypothesis, collects and analyzes 
relevant data, tests and eventually accepts or rejects the hypothesis, and finally makes 
conclusions [2]. 

The popular science and vocational Chemistry Internet resources allow going be-
yond the school curriculum, to obtain data on chemical objects through different per-
spectives and sources, following the research thinking or the sequence of experiments, 
which provide the opportunity to develop GRC- 06. 

For example, while studying the topic “Alkaline elements” (10th grade), pupils are 
recommended to read the series of articles in the journal “Chemistry and Chemists” 
(http://chemistry-chemists.com/Video/Na-H2O.html), devoted to the properties of me-
tallic sodium and its experiments. In addition to the detailed description of the experi-
ments, their photos and videos, the articles also contain additional facts which, usually 
are not described into the textbooks, due to their exceptional status. They often require 
detailed and rather complicated explanations. In particular, one of the articles describes 
the sodium reaction with concentrated hydrochloric acid, which proceeds surprisingly 
much less violent than the same reaction with water. The paper explains these results 
due to the formation of sodium chloride insoluble in chloride acid on the metal surface 
of a protective film that protects sodium from further interaction with HCl. The discus-
sion of such rule exceptions encourages pupils to examine comprehensively the prob-
lem situation, taking into account all factors and thoroughly checking the hypothesis 
that is at first obviously correct, and, if necessary, reasonable correcting of this hypoth-
esis and making final conclusions. 

Chemistry program and method complexes used in studying are multi-component 
software tools specially created and intended directly to support the study of certain 
topics or sections of the school Chemistry course. That is why their overall contribution 
to the formation of research competencies system among senior pupils in Chemistry is 
high. It is about 23.54%, and comparatively inferior less only than the contribution 
value of VCL. Chemistry program and method complexes have been identified by ex-
perts as the only leading tool for the CRC-01 formation, as well as the leading tools for 
the formation of SRC-03, CRC 05, CRC-06 and CRC-09. 
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As a rule, the usage sphere of above-mentioned program and method complex is 
marked in its tittle. Its functional capabilities provide the opportunity to use it as an 
electronic tutorial, as well as the tools of checking the level of knowledge or a simulator 
etc. 

The total contribution of simulators and electronic workshops to the formation of 
research competencies system among senior pupils in the profile Chemistry learning is 
significant and amounts to 15.72%, but these tools are considered to be the leading ones 
for the formation of CRC-02 and CRC-09. Also, these tools affect considerably the 
formation of such research competencies as CRC-01, CRC-04 and CRC-05. 

In general, simulators and electronic workshops in their functional capabilities and 
appointments are similar to VCL, but their options are much more limited, since their 
functioning is based on the implementation of only one algorithm aimed at working out 
the correct order of actions and observations. Therefore, these tools influence the for-
mation of practically the same research competencies as the VCL, but this list is smaller 
and the impact of simulators and electronic workshops on the process of forming the 
above-mentioned research competencies is not so significant. 

Chemistry search systems, as well as general-purpose search systems are the leading 
ICT tools for GRC-05 only, and their overall contribution to the development of re-
search competencies system among senior pupils is less than that of general-purpose 
search systems. It is only 5.25%. 

Chemistry search systems are powerful Chemistry databases with not only specific 
keyword search (names of substances or fragment names). They also contain special 
codes (linear notes) that reflect the structure of molecules and using two-dimensional 
structure formuli of substances or their fragments (structure search and similarity 
search). 

Chemistry search systems can differ significantly in their database content that pro-
vides their specialization. Some search systems contain important information about 
the chemical and physical properties of substances, the others include facts about man-
ufacturers and prices for chemical products, the third describe the biological activity of 
molecules etc. 

The use of Chemistry search systems in the profile Chemistry learning allows ob-
taining reference data, necessary for problem solving, the links of literature references, 
the review of physical and chemical properties, and synthesis methods, skills to work 
with a specific tool for chemical data search etc. 

A certain disadvantage of Chemistry search systems can be defined as follows: al-
most all of them are monolingual and the ability to search or browse data in other lan-
guages is not supported. 

Chemical editors are specific software products, and their prime value is the visual-
ization of chemical symbols. That is why these tools are the guiding ones in the for-
mation of CRC-06. The influence of chemical editors on the formation of other research 
competencies is insignificant. As evidenced by the magnitude of their overall contribu-
tion to the formation of research competencies system among senior pupils in the pro-
file Chemistry learning it is 3,36%. 

Chemical editors are used predominantly at the stage of introducing the research 
results. As a rule, text editors provide the ability to present the majority of chemical 



language peculiarities (chemical formuli, reaction equations, simple conversion 
schemes, etc.). However the chemical editors become the only effective tool, when it is 
necessary to create more complex and specific graphic objects such as: structural for-
muli of substances, transformation schemes of chemical compounds, images of chem-
ical utensils and appliances, etc. While using a chemical editor, pupils not only get skills 
of working with such an important ICT tool for a future chemist, but also improve their 
own knowledge of the chemical nomenclature, the structure of substance, chemical 
dishes, etc. 

4 Conclusions 

1. According to the results of the expert assessing the expediency of using ICT tools 
for the formation of individual research competencies the following conclusions are 
made: among 17 selected ICTs, the formation of research competencies of 7 tools is 
specific (they are leading in the formation of only one research competence). 9 tools 
are multifunctional, as they are leading in the formation of two and more research 
competencies. Finally 1 tool is not conducive to the formation of any research com-
petence. The most significant and effective ICT tools for the formation of the whole 
system of research competencies among senior pupils in the profile Chemistry learn-
ing are virtual chemical laboratories and Chemistry program and method complexes. 
Their relative contribution to the formation of the research competencies system is 
13.87% and 13.14% respectively. The other tools show contributions from 5% to 
10%. In particular, such facilities as simulators and electronic workshops receive 
8.78%; popular science and vocational chemical information Internet resources get 
7.20%; tools for creating multimedia presentations take 7.12%; adaptive automated 
Chemistry training systems in are at 7.02%; tools for computer modeling of chemical 
processes reach 6.23% and general-purpose search systems have 5.24%. Chemistry 
educational games show the lowest contribution to the development of research com-
petencies system among senior pupils (4,51%). The following results represent the 
other tools: learning management systems (4,28%); electronic periodic systems 
(4,21%); text editors (4,05%); electronic spreadsheets (3.71%); tools of educational 
achievements control and self-control (3.14%); Chemistry search systems (2.93%); 
cloud-oriented tools of supporting joint research and study activities (2.70%) and 
chemical editors (1.88%). Despite the relatively low level of knowledge for devel-
oping the system of research competencies, these tools can not be excluded from a 
list of ICTs, as they are promising tools for the formation of at least one of the re-
search competencies. 

2. Proceeding from the fact that the formation of research competencies system among 
senior pupils is effective due to the correct selection of ICT tools and the conditions 
of their applying for the formation of each of the research competencies system com-
ponents. Based on the results of research and experimental work it has become pos-
sible to develop recommendations for using ICT tools in the process of forming the 
research competencies among senior pupils while their profile Chemistry learning. 
The majority of leading ICTs has been tested through their use in the process of 
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studying the electives course “Basics of Quantitative Chemical Analysis”. The pos-
sibility of applying some ICTs for the formation of research competencies is demon-
strated by certain topics of the school Chemistry course in profile senior school. 
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Abstract. The purpose of this article is to analyze the current trends in the use of 
the augmented reality in the chemistry education and to identify the promising 
areas for the introduction of AR-technologies to support the chemistry education 
in Ukrainian educational institutions. The article is aimed at solving such prob-
lems as: the generalization and analysis of the scientific researches results on the 
use of the augmented reality in the chemistry education, the characteristics of the 
modern AR-tools in the chemistry education and the forecasting of some possible 
areas of the development and improvement of the Ukrainian tools of the aug-
mented reality in the chemistry education. The object of research is the aug-
mented reality, and the subject is the use of the augmented reality in the chemistry 
learning. As a result of the study, it has been found that AR-technologies are 
actively used in the chemistry education and their effectiveness has been proven, 
but there are still no Ukrainian software products in this field. Frequently AR-
technologies of the chemistry education are used for 3D visualization of the struc-
ture of atoms, molecules, crystalline lattices. The study has made it possible to 
conclude that there is a significant demand for the chemistry education with the 
augmented reality that is available via the mobile devices, and accordingly the 
need to develop the appropriate tools to support the chemistry education at 
schools and universities. The most promising thing is the development of meth-
odological recommendations for the implementation of laboratory works, text-
books, popular scientific literature on chemistry with the use of the augmented 
reality technologies and the creation of the simulators for working with the chem-
ical equipment and utensils using the augmented reality. 

Keywords: augmented reality, chemistry education, technology of the aug-
mented reality (AR-technology), 3D model. 

1 Introduction 

The reformation of school education happening in accordance with the conception 
“New Ukrainian School” includes the changes into the pupils’ competence set, among 



which some of them could be distinguished: the innovation, the information-communi-
cation and digital competences, the competences in the Natural Sciences, the techniques 
and technologies, the lifelong learning and etc. 

The main method of providing the effectiveness of the educational reform implies 
the end-to-end using of information-communication technologies in the educational 
process and the management of the establishments and the system of education. The 
system application of ICT in the education has to expand essentially the teachers’ pos-
sibilities, to organize the interaction between the teacher and students, to form students’ 
technological competences that are important to our century. 

The reformation of school education provides for the increase of the project, com-
mand and group pupils’ activity in the educational process. According to this fact the 
variants of the educational organization will be varied especially by using mobile work-
places that are easily transformed for the group activity. The planning and design of the 
educational space will be aimed at the child’s development and his/her motivation to 
the learning by means of ICT, the multimedia devices, the laboratory renovation for the 
studying natural-mathematic subjects [10]. 

Children today are getting used to data availability, possibility to obtain data when-
ever and anywhere they may need it. They are getting accustomed to the virtual reality 
as well. Therefore, so called SMART-education which implies the use of smartphones, 
tablets, interactive blackboards and other devices with internet access is becoming more 
popular [25; 26].  

The integration of an educational process with the use of mobile devices and com-
puters, real objects with virtual ones, acquisition of necessary data about the objects 
which are being studied with their three-dimensional visualization is made possible due 
to augmented reality [18]. 

According to the definition of Ronald T. Azuma, Augmented Reality (AR) is a type 
of the virtual environment (or virtual reality) which complements an objective reality 
but does not change it entirely. Augmented reality allows a user to see a real world with 
virtual objects being either imposed or joined with the real world [4]. Augmented reality 
can be potentially applied to all the senses of a person, that is, audition, olfaction, so-
matosensation, however, the most frequent supplement is vision.  

The major features of the augmented reality are a combination of both real and vir-
tual objects in the real environment, a real-time environmental operational practice, 
interactivity, equalization of the peculiarities of real and virtual objects [3]. 

Chemistry is considered to be a complicated science due to the use of notions which 
cannot become the objects of direct comprehension and as a result students have to 
create images, virtual objects exactly in their imagination. Not all students are able to 
create such objects or to create them in an appropriate way for the reality that is why 
means of teaching intended for intensifying visibility are of always concern in the pro-
cess of chemistry teaching [20; 21; 22]. Augmented reality is considered to be one of 
such modern tools. 



 

2 Exposition of Basic Material of Research 

Despite a fifty year long history of the development of the conception of augmented 
reality, in chemistry teaching practice technologies of augmented reality (AR-
technologies) have been actively used since the beginning of the 2000s. It is due both 
to the development of the software for creating and simulating the systems of aug-
mented reality and the increase in the availability of mobile devices with the necessary 
functional specifications which has made it possible for students to use AR-
technologies not only in special laboratories (as a rule, in computer labs), but in chem-
istry laboratories and other special chemical facilities. 

A considerable amount of experience has been gained not only in terms of methods 
of creating and using augmented reality tools in the process of chemistry teaching but 
in terms of the assessment of its didactic significance, influence on the learning process, 
advantages and disadvantages while studying certain disciplines of chemistry as well. 

In particular, Zeynep Tachgin together with the co-authors have pointed out that 
technologies of augmented reality are the most essential ones for studying non-percep-
tible notions (atom, molecule, chemical bonds etc.) and emphasized the necessity of 
involving experts on the scientific and methodological issues in the process of choosing 
the content and designers in the process of improving the quality of graphic design [30]. 
It has been noted that the quality of 3D-models and graphic interface of tools of chem-
istry teaching which use augmented reality has a positive influence on the users’ level 
of interest in the discipline and a corresponding increase of acquiring knowledge [9]. 

Su Cai together with the co-authors [5] have determined the development of stu-
dents’ spatial thinking, their ability to imagine and interpret three-dimensional struc-
tures of molecules and crystals to be the leading direction of the use of AR-technologies 
in the process of chemistry teaching. The results of their study have proved a positive 
influence of the use of technologies of augmented reality on the level of interest in 
chemistry acquiring, the level of progress in the sphere of ‘Composition and structure 
of substances’, the level of spatial awareness concerning the composition of substances. 
However, these researches have pointed out that the visualization of certain issues of 
studying has negatively impacted on the comprehension of textual information and has 
diverted their attention from the instructions and explanations presented in a written 
form. 

The use of augmented reality tools created on the base of freely accessible software 
in the learning process has made it possible for a group of Spanish researches to deter-
mine the increase in the level of interest in chemistry acquisition, the development of 
comprehension about the crystal structure of substances and the improvement of stu-
dents’ skills to interpret two- and three-dimensional schemes. The participants of the 
study have noted the possibility to handle three-dimensional models and to perceive 
them from sides and different angles to be the main advantages of technologies of aug-
mented reality [23]. Similar results have been achieved in the study held among stu-
dents in the process of organic chemistry learning [27]. 

Dragos Daniel Iordache together with the co-authors [11] have detected a favourable 
impact of the technologies of augmented reality on the effectiveness of knowledge ac-
quisition of the notions of chemical bonds, the law of periodicity, a periodic table of 



chemical elements mainly due to the possibility to interact with the atom and molecule 
models simultaneously receiving necessary explanations. 

The use of 3D-models of molecules for intensifying the effectiveness of organic 
chemistry [13] and biochemistry [16] teaching is of particular importance. As it pro-
vides the opportunity for students to examine the structure of molecules thoroughly and 
to do it from different angles and it contributes to improving the understanding of bonds 
between the structures of molecules and properties of the substances. 

A growing interest in chemistry learning due to chemical reaction modelling via 
technologies of augmented reality that is by visualization tools of chemical experiments 
(particularly dangerous and conducted with difficulties) has been considered worth not-
ing by a group of researches [32; 34]. 

Also a considerable potential of technologies of augmented reality not only in chem-
istry teaching but in the sphere of chemical studies such as: modelling, intermolecular 
interaction, mechanisms of chemical reactions, molecular design etc. has been detected 
[14; 19]. 

Therefore, the effectiveness of the use of AR-technologies as tools of intensifying 
the process of chemistry teaching is undeniable on condition of their methodologically 
appropriate use. 

The generalization of the existing experience of the use of technologies of aug-
mented reality in the process of chemistry teaching makes it possible to determine some 
key directions of their use: 

1. visualization and granularity of the structure of objects and simulation of their inter-
action which are inaccessible for the direct observation; 

2. additional data provision about the objects in written, visual or audio-visual forms; 
3. simulation of work with different equipment in order to master and to develop skills 

of dealing with them. 

The comparison of particular characteristics of certain supporting tools of chemistry 
teaching via the use of technologies of augmented reality is represented in Table 1. 

Table 1. Supporting tools of chemistry teaching via the use of augmented reality 

Name of tools Description of features 
Arloon Chemistry 
[1] 

3D-modelling of the process of molecular or crystal creation from 
individual atoms 

Augmented 
Chemical 
Reactions [14] 

3D-visualization of molecules, their spatial dynamics and 
interaction, possibility to form molecules from individual 
fragments 

Augment [15] 3D-visialization of molecules and crystal lattices 
Study Marvel-
Chemistry AR 
[29] 

3D-illustrations and models in special printed educational 
textbooks and publications on chemistry 

AR VR Molecules 
Editor Free [33] 

3D-visualization of molecules, organic and inorganic compounds 
in different forms (stick, ball-and-stick, scale models etc.) 

Atomic Structure 
AR Learning Gear 

Dynamic 3D-visualization of atom models, electron clouds, studies 
which have led to the discovery of electrons, atom structure etc. 



 

Name of tools Description of features 
[12] 
Dáskalos 
Chemistry [7] 

Visualization of the atom structure of all chemical elements with 
the possibility to look through additional data 

HTMoL – AR 
plugin [28] 

3D-modelling of molecular structures with the possibility to use the 
computational characteristics of molecules and semiautomatic 
animation for reactions through linear interpolation of atom 
coordinated between gradual computational stages of reactions 

Elements4D [6] 
Availability of additional information and images of appearance of 
substances, possibility to model chemical reactions between them 

EVToolbox [8] 
Russian-language resource of modelling interactions between 
atoms with the creation of molecules and structure of molecules 
and their interaction with each other 

AR Learning [31] 
Modelling of certain chemical reactions and physical and chemical 
processes 

MEL Chemistry 
[17] 

3D-modelling and molecular animation, structure of crystal 
lattices, detection of substances according to the special markers 

In most cases augmented reality software used as supporting tools of chemistry 
teaching operates in accordance with the classical pattern: selection of an image and its 
identification as a marker →search of a model corresponding to the marker →an impo-
sition of the model (as a rule, it is a 3D one) on the image of the marker and its demon-
stration on the screen of the device. 

The following things can serve as markers: 

1. artificial markers (images on the plane something similar to QR-codes or other im-
ages); 

2. chemical symbols; 
3. real objects. 

Typically only two first types of markets are used in augmented reality tools to support 
chemistry teaching. It is justified by the simplicity of the creation of connection be-
tween a marker and a model and a high operational stability of this system. Whereas 
real objects are almost of no use and do not serve as markers. 

The publication of AR-books – printed books (popular scientific literature, textbooks 
and teaching manuals) with the elements of AR-technologies is becoming some kind 
of modern trend of nowadays in the use of AR-technologies. The Hungarian authors 
[24] have described their experience of creation AR-textbook on chemistry for second-
ary schools (certain sections of the syllabus for the ninth grade). The authors have con-
ducted an experiment and the results of which have led to the conclusion about a higher 
level of effectiveness of the use of AR-textbooks in comparison with ordinary ones.  

The group of authors from the Republic of Turkey has suggested a set of images [2] 
to be used for the introduction of structures of atom elements, molecular structure of 
water, salt, carbon (II) oxide. Suggested set of cards has been represented as a science 
publication on chemistry. 



3 Conclusion and Estimation of Perspective ways of 

Development 

Augmented reality tools in chemistry teaching are used on the introductory stage of 
new material and knowledge acquiring and on the stages of learned content retention 
and systematization, stages of preparations for laboratory tests, for conducting tests or 
modelling a process of their implementation (in case they are dangerous or their imple-
mentation is impossible due to other reasons), independent study, knowledge check and 
self-check. 

The following should be attributed to the main advantages of the use of technologies 
of augmented reality in chemistry teaching: 

─ granularity and 3D-modelling of objects which are inaccessible for the direct obser-
vation (taking into account expensive or rare equipment) which used to be repre-
sented as spatial images and schemes; 

─ mobility and availability to users; 
─ simplicity of use and comprehension; 
─ the possibility to use both in formal and informal education; 
─ modernity which highlighted interest is explained by; 
─ considerable potential allowing to create different supporting tools of chemistry 

teaching. 

Most modern AR-technologies of supporting chemistry teaching are aimed solely at the 
visualization of molecular and crystal structures, atom and molecular structures.  

There is no known Ukrainian-language product among wide spread tools of aug-
mented reality in chemistry teaching. Although, the use of most AR-technologies to 
chemistry teaching is user friendly there is still a necessity to create Ukrainian AR-
technologies of high-quality for supporting chemistry teaching. 

Taking into account an urgent necessity to reform and modernize the system of ed-
ucation in Ukraine, we consider the creation and implementation of technologies of 
augmented reality of chemistry teaching in the learning process on different levels: 
basic and specialized secondary education, different levels of technical and vocational 
education and higher education to be one of the key tasks of our further work. 

The creation of AR-technologies of chemistry teaching, Ukrainian analogues of al-
ready known foreign tools, is being planned. It is planned to create tools which will 
apply possibilities of augmented reality in chemistry teaching which are of little use 
now. Training manuals, text books, methodical recommendations on doing chemistry 
laboratory works, popular scientific literature and handbooks with the support of aug-
mented reality, 3D-modelling of molecules etc. should be named among AR-tools of 
the first group. As for the second group it is planned to create AR-tools of chemistry 
teaching which provide the opportunity for getting additional information about glass-
ware and equipment, capturing the essence and mechanism of their functioning, mod-
elling their application, creating tools to conduct chemical experiments from different 
sections of chemistry virtually, using equations of chemical reactions or chemical for-
mulas of substances etc. as markers. 
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Abstract. Research goals: the necessity of study in high school of the law of 
Hardy – Weinberg as one of the fundamental genetic laws was justified. The pe-
culiarities of using the method of model experiment in the study of the genetic 
and evolutionary processes in populations with the use of computer technology. 
Object of research: computer simulation of population genetic structure. Subject 
of research: computer simulation of genetic and evolutionary processes in ideal 
and real populations. Research methods: pedagogical experiment (survey), anal-
ysis of scientific publications on the use of the high school method of modelling 
genetic and evolutionary processes in populations, computer simulation. Results 
of the research: a web page for processing by the pupils of the modelling results 
of genetic and evolutionary processes in populations was created. 

Keywords: modelling, computer simulation, ideal population, the law of Hardy 
– Weinberg, statistical methods, evolution factor, natural selection, genetic 
structure of population, microevolution, diagram, graphs, the law of large num-
bers. 

1 Introduction 

1.1 The Problem Statement 

Modern course of biology in high school is based on the fundamental theoretical gen-
eralizations of basic biological science – scientific theories and laws. Fundamental ge-
netic laws, classically studied by high school students, are laws of heredity of Mendel. 
Given the trends of development of modern biological sciences, namely, the develop-
ment of theoretical biology, the main issues which are problems of genetics, ecology, 
evolution, law of genetic equilibrium concentrations (the law of Hardy – Weinberg) is 
considered as a fundamental law, the disclosure of which to high school students is 
aimed at understanding by them of the mechanism of evolution in general. This law 
reveals the regularities of functioning of living at the population – species level, includ-
ing time frames. 



1.2 The State of the Art 

Students’ mastering of the patterns of population genetics and associated evolutionary 
theory is one of the most complex issues in biology course in high school. Studies of 
such scientists as Robert L. Hammersmith, Thomas R. Mertens [1; 2; 3], Timothy J. 
Maret, Steven W. Rissing [4], Carol Chapnick Mukhopadhyay, Rosemary Henze, 
Yolanda T. Moses [5], Pongprapan Pongsophon, Vantipa Roadrangka, Alison Camp-
bell [6] confirm this.  

We have conducted a survey among 52 high school students to ascertain their level 
of knowledge about the essence of law of genetic equilibrium concentrations, its value 
for the understanding of the factors and directions of the evolutionary process. 

The tasks were as following: 

1. Specify the mathematical equation of the law of Hardy – Weinberg (multiple an-
swers are allowed): 

A) p + q = 1; 
B) (p + q)2 = 1; 
C) p2 + 2pq + q2 = 1; 
D) p2 + pq + q2 = 1; 
E) p + 2pq + q = 1. 

2. Specify an equation describing the genotypic structure of the population (multiple 
answers are allowed): (see the answers to the assignment 1). 

3. Specify the equation describing allelic population structure: (see answers to the as-
signment 1). 

4.  What are the conditions of validity of the law of equilibrium gene concentrations? 

Students were asked to solve three problems for the application of the law of equilib-
rium of gene concentrations. 

The results of the survey are presented in Fig. 1–3. 

 

Fig. 1. The results of the response to the first task 
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Fig. 2. The results of the response to the second task 

 

Fig. 3. The results of the response to the third task 

Conditions of validity of the law, according to the student, were as following: popula-
tion sizes are large – 29% of respondents, mating occurs at random – 24%, new muta-
tions do not occur – 18%, all genotypes are equally fertile – 12%, generations do not 
overlap – 12%, there is no exchange of genes with other populations – 18%, the genes 
are in the autosomes and not in sex chromosomes – 18%, individuals of different gen-
otypes are equally viable – 12%. 

The obtained results allow to formulate the following conclusions: students insuffi-
ciently understood the description of the essence of the law of Hardy – Weinberg with 
two equations, namely, the definition of allelic and genotype structure of the popula-
tion; the students are confused about variables included in the equations; knowledge 
about the conditions of the law is fragmentary. None of the respondents began to ad-
dress two of the proposed problems, three of the respondents solved the third task in-
correctly. 

24

12

41 41

53

0

10

20

30

40

50

60

A B C D E

%

Variants of answers

29 29

12 12

18

0

5

10

15

20

25

30

35

A B C D E

%

Variants of answers



The results of the survey suggest the presence of formalism in high school students' 
knowledge about the law of genetic equilibrium concentrations. Formal approach to 
training lies in the mechanical memorization of educational material without enough 
understanding of its content. The low level of development of knowledge about the law 
of genetic equilibrium concentrations is one of the reasons for the difficulties of the 
students in understanding of the evolutionary content for the understanding of popula-
tion genetics and population human genetics in particular. 

Simulation, particularly computer simulation is one of the most effective training 
methods for demonstrating to students of the essence of complex biological processes, 
including genetic and evolutionary processes in natural populations. 

1.3 The Purpose of the Article 

Our main goal is to create a web pages for online processing of the modelling results 
of genetic and evolutionary processes in populations. 

2 Presenting the Main Material 

2.1 The Technological Aspect of Use 

Model experiment is a special form of the experiment, which is characterized by the 
use of existing models as special means of experimental research. The purpose of using 
of the method of model experiment in the study of the genetic and evolutionary pro-
cesses in populations: students get convinced in practice that, in ideal populations gene 
frequency and the ratio of genotypes from generation to generation are preserved, in 
contrast to populations influenced by the genetic factors of dynamics; simulation ex-
periments allow us to represent the primary evolutionary changes in populations; model 
experiments demonstrate the probabilistic nature of genetic and microevolutionary pro-
cesses; model experiments contribute to the transformation of empirical knowledge of 
students in persistent beliefs that are an integral component of outlook. 

We have developed a web page for entering, processing and presenting graphical 
view of modelling results of genetic and evolutionary processes in ideal populations, 
which are not influenced by the factors of changing its genetic structure (according to 
the law of Hardy – Weinberg) – http://mybio.education/mod/exp1/en/index.html 
(Model experiment 1. Study of the genetic structure of the ideal population) and 
http://mybio.education/mod/exp2/en/index.html (Model experiment 1. Study of the ge-
netic structure of the ideal population (second option)), as well as web pages to make 
for entering the results of modelling of genetic and evolutionary processes in popula-
tions, which are influenced by the factors of changing its genetic structure 
http://mybio.education/mod/exp3/en/index.html (Model experiment 2. Study of the ge-
netic structure of the population under the influence of natural selection), 
http://mybio.education/mod/exp4/en/index.html (Model experiment 3. Modelling the 
effect of gene flow on the genetic structure of the population), http://mybio.educa-
tion/mod/exp5/en/index.html (Model experiment 4. Modelling the effect of random 
processes on the genetic structure of the population, modelling the drift of genes). 



The developed system of online processing of simulation results can only be used if 
in a model experiment the number of model individuals of the population is insignifi-
cant. The population size is limited by the objective possibility of creating a correspond-
ing number of chip patterns of the alleles of a gene. Optimum number of chips – 100. 
In this case, the number of individuals is equal to 50. One can take more or fewer ob-
jects. In the first case, the choice will be associated with the growth of material costs 
for the manufacture of model elements. In the second case, the calculated values (allele 
frequency) will be significantly deviate from the pre-selected frequencies, and the level 
of statistical significance of the obtained results will decrease. 

2.2 The Ways of Implementation 

Stages of modelling of the genetic structure of populations are as following: 

1. Modelling of the genetic structure of an ideal population with the use of material 
objects. Entry of simulation results into a table on web pages http://mybio.educa-
tion/mod/exp1/en/index.html or http://mybio.education/mod/exp2/en/index.html. 

Modelling of the genetic structure of an ideal population can be done using the possi-
bilities of any of the two web pages. The difference between them lies in the methods 
of processing of the experimental results, namely in the methods of calculating the fre-
quencies of genes. In the first variant, the gene frequencies are calculated automatically 
by the method of extracting of the square roots of the frequencies of the homozygotes 
AA and AA. In the second variant the gene frequencies are automatically calculated 
according to the formulas: p = (D + 0.5 H) / N, q = (R + 0.5 H) / N, where p – frequency 
of dominant allele, q – frequency of recessive allele, D – number of dominant homozy-
gotes, R – number of recessive homozygotes, H – number of heterozygotes, N – total 
number of members of the population. Both methods allow us to formulate the main 
conclusion, that in ideal populations, the ratio of frequencies of genes and genotypes 
remain constant from generation to generation, and the sum of their frequencies is equal 
to 1. 

2. Modelling of population genetic structure, which is influenced by factors of change 
in its genetic structure – natural selection, gene flow, genetic drift. Entry of simula-
tion results into a table on web pages http://mybio.education/mod/exp3/en/in-
dex.html, http://mybio.education/mod/exp4/en/index.html, http://mybio.educa-
tion/mod/exp5/en/index.html respectively.  

Before usage of web pages for entering the results of the simulation, high school stu-
dents work with persisted models of alleles of dealing a gene and create a genetic model 
of the parent population [2; 3]. These materialized models can be checkers, chips, can-
dies, balls of different colours. The educational models of the genetic structure of the 
population are the findings of the experimental action with the model elements first 
ratio of genotypes and ratio of frequencies of genes, that is, the ratio of frequencies of 
genotypes and genes in the parent population. 



On each of the web pages there is an instruction for the sequence of actions that must 
be performed concerning materialized objects, as well as actions to enter the received 
results in the tables for automatic calculation of genotype frequencies and allele fre-
quencies. The rows that are highlighted in blue in tables for web pages http://mybio.ed-
ucation/mod/exp1/en/index.html, http://mybio.education/mod/exp2/en/index.html, 
http://mybio.education/mod/exp3/en/index.html or http://mybio.educa-
tion/mod/exp4/en/index.html, http://mybio.education/mod/exp5/en/index.html are 
filled manually by students on the basis of counting of the number of the results ob-
tained in the course of the materialized models of alleles and genotypes. The web pages 
provide automatic plotting of graphs and charts, allowing, first, to reveal the results in 
graphical form (Fig. 4, 5). Secondly, it allows to effectively carry out their comparative 
analysis and to formulate conclusions according to the algorithm of the action plan. 

 

Fig. 4. View of graphics on the web page that were built in automatic mode http://mybio.educa-
tion/mod/exp1/en/index.html# 

Both diagrams show the genetic structure of populations and according to the semantic 
content they are identical. They differ in the way of the visibility of the results. The 
teacher can draw the students' attention to one variant of a diagram with a proposal to 



compare the genetic, genotypic structure of the population in generations. There is an-
other, more complicated version of the analysis of the constructed diagrams. For this 
the students choose their own chart to analyze data and formulate conclusions. 

 

Fig. 5. View of diagrams on the web page that were built in automatic mode 

Both variants have advantages and disadvantages. In the first variant of the diagram, 
numeric data of the results of the experiment are included in the corresponding seg-
ments of each column. All the data are displayed on the screen, so the student can quite 
easily compare the numbers. 

In the second variant, the segments of each column are located one behind the other, 
and so that the first, the most narrow segment corresponds to the parent generation and 
the last, the widest one corresponds to the last child generation. This way of presenting 
data is liked by students because, not even using numerical data it is visually easy to 
compare the size (height) of colored bars. Besides, when one aims the cursor at the 
corresponding field the necessary numerical information appears on the screen. 

Analysis of the received data of the model experimentation by the students is carried 
out on the basis of the analysis of the built: 

1. graphics of genetic and genotype structure of the population in generations; 



2. one of the diagrams of the genetic structure of the population in generations; 
3. graphs and diagrams that overlap. 

A variety of graphic options allows to acquaint students with the methods of their sta-
tistical processing and presentation. 

3 Conclusions and Outlook 

Modelling of biological processes among population with the means of computer tech-
nology is an effective method to develop a series of genetic and evolutionary concepts 
and results in savings of time resources in the classroom. The use of computer technol-
ogy as a means of modelling contributes to the formation of the concepts about the 
possibility of application of elementary statistical methods in biological research, un-
derstanding of the nature of statistical laws, in particular the law of large numbers. 

In the discussion of the results of the model experiment performed using the devel-
oped web pages, the teacher focuses on a small size of the model population (about 50 
individuals). For the experiment, one can take a smaller or larger number of individuals, 
but note that, on the one hand, the smaller the sample size is, the greater the error in the 
calculations may be. On the other hand, the feature of such studies is that under the 
conditions of school experimentation with the training model an ideal population for 
the implementation of practical actions with tangible objects – the models of alleles – 
it is impossible to comply with the such a condition of validity of the law of Hardy – 
Weinberg as a large population size. Theoretically it is possible to take this condition 
into account, if the move away from practical handling of material objects, replacing it 
with a fully automated process of determining the genetic (genotype and genetic) struc-
ture of the population. Students will enter manually data on the number of investigated 
parental populations and the output frequency of allelic genes in it to the model. We are 
its research without the use of materialized models. We have begun work in this direc-
tion and created the web page http://mybio.education/mod/exp6/en/index.html#. Its use 
in the teaching of biology does not require simulation with persisted models. 
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Abstract. Research goal: the research is aimed at theoretical substantiation of 
applying the augmented reality technology and its peculiarities at higher tech-
nical educational institutions. Research objectives: the research is to solve the 
problems of determining the role and place of the technology in the educational 
process and its possible application to physics training. Object of research: teach-
ing physics to students of higher technical educational institutions. Subject of re-
search: the augmented reality technology as a component of the training process 
at higher educational institutions. Research methods used: theoretical methods 
include analysis of scientific and methodological literature; empirical methods 
include studying and observation of the training process. Research results: anal-
ysis of scientific publications allows defining the notion of augmented reality; 
application of augmented reality objects during laboratory practical works on 
physics is suggested. Main conclusions. introduction of the augmented reality 
technology in the training process at higher technical educational institutions in-
creases learning efficiency, facilitates students’ training and cognitive activities, 
improves the quality of knowledge acquisition, provokes interest in a subject, 
promotes development of research skills and a future specialist’s competent per-
sonality. 

Keywords: mobile learning technology, augmented reality technology, training 
at university, a physics laboratory practicum. 

1 Introduction 

1.1 The Problem Statement 

Professional competences of IT and engineering students are formed through learning 
both professional and fundamental subjects, physics in particular. That is why a lec-
turer’s task is to search for new training technologies, i.e. training methods, tools, and 
organization forms to master the content of a subject and realize training principles 
aimed at forming a competent specialist and improving his/her competences. 

Introduction of modern ICT is a priority of Ukraine’s education development. It es-
pecially concerns the technologies aimed at improving the training process, making 



training material more available, enhancing educational mobility and efficiency, pre-
paring students for professional activity and life in the information society. Mobile 
learning is an example of such modern technology, which is associated with the concept 
of mobile learning [13] and the augmented reality (AR) technology. 

Modern mobile learning tools are those that call for ensuring more efficient master-
ing of theoretical material and practical skills [14]. 

Students themselves are reluctant to apply mobile devices to learning regardless of 
high-level technological advancements [26]. It is the educator who sets all internal and 
external mechanisms of learning in motion for students to acquire necessary knowledge 
[9]. Therefore, basic advantages of mobile learning (an unlimited access to the training 
content, a free choice of a place and time of learning, elimination of nonproductive 
time, convenience, consideration of individual peculiarities, absence of restrictions as 
to class schedules) [12] and increased number of software tools (mobile applications) 
for working with AR objects should be taken into account while organizing classes and 
preparing students for them [7]. 

1.2 Theoretical background 

Issues of introducing ICT and modern learning tools in teaching physics and initial 
experiment work have been raised by Petro S. Atamanchuk [1], Valerii Yu. Bykov [4], 
Yurii M. Oryshchyn [21], Mykola I. Sadovyi [22], Valentyna D. Sharko [25], Illia O. 
Teplytskyi [28], Stepan P. Velychko [29], Myroslav I. Zhaldak [31], Yurii O. Zhuk 
[32], and other domestic researchers. 

Yurii O. Zhuk indicates that relations between man and technology can be normal if 
they are rational and efficient [32]. 

Myroslav I. Zhaldak thinks that ICT application to the training process provides wide 
opportunities to make training creative, inquisitive and attractive with its results evok-
ing satisfaction, the desire to work and search for new knowledge [31]. 

Mykola I. Shut [15], Volodymyr F. Zabolotnyi [30], Vadim A. Ilin [16], Bohdan A. 
Sus [27], Volodymyr P. Serhiienko [23] considered problems of data visualization in 
physics training at higher school. 

Volodymyr F. Zabolotnyi states that active perception of visual information oc-curs 
when it is structured and accompanied by explanations. It requires special organ-ization 
and deliberate methods of material presentation [30]. 

Augmented reality as a specific innovative environment of communication has been 
studied by such foreign investigators as Ronald Т. Azuma [3], Reinhold R. Beh-ringer 
[2], Yohan Baillot [18], Walter P. Donnelly [19], Simon Julier [17], Steven K. Feiner 
[6], and Blair MacIntyre [5]. 

In Ronald T. Azuma’s opinion, augmented reality is a variation of the virtual envi-
ronment (VE) or virtual reality (VR). VE technologies plunge a user into the artificially 
made environment in such a way that he/she cannot see the real world. As opposed to 
VE technologies, augmented reality enables a user to see the real world while virtual 
objects are superposed on or combined with the reality. That is why, the AR technology 
supplements the reality without replacing it entirely. This technology allows incorpo-



 

rating elements of virtual reality into the surrounding world. Thus, Azuma defined aug-
mented reality as a system combining virtual and real elements, interacting online and 
operating in 3D [3]. 

The key feature of augmented reality is possible obtainment of additional infor-
mation or a virtual action perceived as real by our brain as there are accesses to virtual 
opportunities in the real environment. 

People apply augmented reality to navigation, architecture, medicine and warfare. 
Nowadays, there are many approaches to the AR technology application to education. 

Introduction of AR technologies in education is topical as this innovative system 
will enhance students’ motivation and increase the level of data acquisition due to di-
versity and interactivity of its visual presentation [24]. Any AR tools can be a training 
object if it is controlled and facilitates users’ interaction with real objects in order to 
study their properties during experimental investigation [20]. 

1.3 The objective of the article 

The objective of the article is to solve the problems of determining the role and place 
of the technology in the educational process and its possible application to physics 
training. 

2 Presenting the Main Material 

At physics department of Kryvyi Rih National University, possible directions of intro-
ducing the AR technology in education are under study including a laboratory practi-
cum on physics. 

Skills of experimenting and data analysis are developed during laboratory practi-
cums when a student conducts experiments independently. This organization form of 
physics classes allows developing such personality traits as diligence, insistence, pur-
posefulness, power of observation in a greater degree than other forms. It also facilitates 
students’ constructive thinking, interest in a subject and creative approach to knowledge 
acquisition, thus enhancing future specialists’ activity in future. Considering ad-
vantages of the laboratory practicum, a lecturer is to organize and prepare it so that the 
above-mentioned advantages reveal themselves in class. At the initial stage of the la-
boratory practicum, a lecturer should make the material interesting as in interest situa-
tions, students’ fatigue falls, while efficiency of training rises [10]. Introduction of the 
augmented reality technology as a visualization tools of training material presentation 
is an important condition of learning efficiency increase at higher educational institu-
tions. 

AR objects, namely video instructions for performing laboratory works, are consid-
ered a result of adding virtual objects (extra data) to markers, which are perceived as 
objects of the real world. Video instructions help visualize the procedure of work per-
formance, indicate specific features of an experiment and facilitate students’ percep-
tion. These markers for video demonstrations can be schematic draughts of laboratory 
instructions for performing works, which can be found in classrooms, at the library or 



the website of physics department. Students can get ready for a laboratory work easily, 
even if he/she is not in the auditorium with real installations at this moment. 

Students with visual thinking have difficulty in understanding and mastering training 
material as they are unable to comprehend and study a phenomenon without visualizing 
it. Students with theoretical thinking, who are able to acquire formalized knowledge, 
can use mobile learning tools as an additional mean for developing their visual thinking 
[11] and focus. Therefore, augmented reality is capable of activating all human senses, 
evoking interest and improving a general impression of a class. 

AR objects are created by software tool Aurasma (HP Reveal), a smartphone appli-
cation developed by the British company Autonomy, which is able to recognize visual 
images in the real world [8]. 

When pointing a smartphone or tablet camera at a picture-marker, a mobile device 
starts scanning it. On the screen, there appears a video of a lecturer demonstrating a 
laboratory installation, its basic components and commenting on the experiment proce-
dure (Fig. 1). It helps visualize students’ step-by-step actions, indicate peculiarities of 
each work, consider them and save time. AR application to physics workshops facili-
tates students’ understanding of drawings, instructions as it supplements printed infor-
mation. 

 

Fig. 1. Application of AR objects to methodological recommendations to physics laboratory 
works 

As a rule, there is one lecturer for groups of up to 20 students at classes of physics 
laboratory workshops. His/her duties include giving a permission for students to work, 



 

consulting on performing experiments and calculation of physical values, checking ob-
tained results, assisting in building graphs and statistical processing of results, ques-
tioning students (according to questions on laboratory work defense) and assessing 
them. It is a great amount of work to be done by one lecturer considering the fact that 
all students perform different works. 

Application of AR objects makes perception of procedures of experiments and the-
ory presentation simpler, provides opportunities for students to get ready for laboratory 
works at home more thoroughly. Both full-time and correspondence students who do 
not have enough time during lecture periods can do it. 

AR objects help students process information in their own pace [12]. There is an 
opportunity to watch a video instruction several times without disturbing a lecturer dur-
ing classes. A lecturer has more time to consult other students as to their calculations, 
laboratory work defence, etc. 

Students, who were offered to use the AR technology, got interested in applying it 
to performing laboratory works as an additional learning tools and liked the idea of 
visualizing training material through a mobile application. 

Application of mobile devices (smartphones, tablets, HMD, etc.) as basic elements 
of the AR technology in the training process is substantiated only in case of providing 
sufficient capacity of mobile processors, great resolution of modern screens and built-
in cameras, an access to additional facilities of the system (a gyroscope, Wi-Fi, GPS, 
3D data transmission, etc.), which are available in most modern devices. 

Most students have mobile devices, which can be accompanied by AR objects for 
providing distance learning in out-of-class periods. 

3 Conclusion 

Thanks to the AR technology, mobile learning tools allow making classes interesting 
and diverse. Mobile-oriented learning material becomes visualized and understandable, 
thus enhancing students’ perception, understanding and acquisition of complicated no-
tions, phenomena and laws of physics [12]. 

Thus, application of AR as a visualization tool at physics laboratory practicums at 
technical universities motivates students and allows solving the problem of learning 
efficiency [14] by increasing their knowledge quality and interest in a subject, devel-
oping research skills, active independent knowledge acquisition and forming a compe-
tent personality of a future specialist. 

In conditions of intensive informatization of modern educational institutions, a lec-
turer has to work in a new way. He/she is to be a mediator in the world of multiple 
sources of information and help students find it and teach how to deal with it. Thus, 
there arises a necessity to develop a mobile-oriented tutorial on physics based on the 
augmented reality technology. 
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Abstract. Using of new learning and IC technologies is necessary for effective 
learning of modern students. Their specific educational needs are: using of mo-
bile ICTs, collaboration, challenging tasks and entertainment. Appropriate learn-
ing environment should be created to satisfy all these demands. It ought to deal 
with cloud-based technologies (for 24/7 access, individual and group work ac-
cording to a personal schedule), augmented reality (for creating of firm links be-
tween real and virtual objects), content and language integrated learning (for im-
mersion in an additional language and creation challenging groups and personal 
tasks in language and non-language subjects). Using these technologies in com-
plex provides social and ICT mobility and creates positive conditions for devel-
oping 9 of 10 key competencies. The paper deals with the features, problems and 
benefits of technologies’ implementation in secondary schools. To sum up, in 
spite of all difficulties, this environment helps students to get some practical ex-
perience in using foreign languages and understanding abstract nature concepts; 
to develop language and research competencies and to remain motivated (and 
self-motivated) in learning Science and English. 

Keywords: Augmented Reality, Science Learning, Key Competencies, Genera-
tion Z, Content and Language Integrated Learning (CLIL). 

1 Introduction 

Current secondary school students are members of so-called “Generation Z” cohort. 
This term is based on Strauss–Howe generational theory. It is often criticized as sim-
plified and pop-sociological. However, we can use the terms as markers for social sta-
tistics study. Most of “Zeds” have been using ICT since a young age. Technologies and 
social network are the essential parts of their world. Consequently, using ICT in edu-
cation is not an option but a necessity. The most helpful educational technologies for 
“Zeds” are smartboards, digital textbooks, websites, online videos and game-based 
learning systems. “Zeds” also prefer studying with friends. Their favorite educational 



activities are class discussions and working through problems or concepts [1, pp. 6–8]. 
That is why we have to create learning environment which contains ICT, supports 
online learning and provides wide opportunities for students’ collaboration and effec-
tive education. A possible solution lies in using cloud-based technologies (for example, 
based on Google Classroom – G Suit learning management system [13]). 

2 ICT Component of Learning Environment 

2.1 Traditional Cloud-based ICTs 

The cloud-based ICTs can be widely used in science learning at secondary schools. We 
use project management software, virtual labs, virtual simulators, electronic organizers, 
content analysis tools, electronic lab notebooks, media editors, programming languages 
and libraries, physical process modeling software, presentation programs; computer al-
gebra systems; statistical packages, spreadsheets and word processors for various pur-
poses [10]. This software is used both in a classroom and at home. Thereby, students 
operate with virtual objects as well as with real ones. Unfortunately, the links between 
these objects are not obvious in classic systems and students often do not match real 
objects with their virtual representations. This problem can be solved with augmented 
reality (AR) using. 

2.2 Using Augmented Reality in Science Learning 

The technology of augmented reality attracted the attention of a wide audience in the 
summer of 2016, when Niantic and Nintendo launched Pokémon Go computer game. 
However, the history of the augmented reality successful application has at least 25 
years [16]. The ideas about using this technology in education were expressed by Ivan 
E. Sutherland [17], who was the developer of the first systems of virtual and augmented 
reality. He wrote about the country of miracles, which is opened to the users of these 
systems, and he focused on their benefits while assimilating the abstract concepts of 
modern science (in particular, the fields and interactions of elementary particles) [18, 
p. 507]. 

That is, the ideas of augmented reality application in education have appeared even 
before the first augmented reality system was created. In addition to visualizing abstract 
concepts and objects, that cannot be perceived directly, the importance of augmented 
reality for training specialists, who work with unique, dangerous or very expensive 
equipment (astronauts, doctors, pilots, welders, etc.), is obvious. The only factor, that 
restrained the development of augmented reality learning environments for decades, 
was the advancement of computer technologies. Nowadays this issue is not so acute 
due to the proliferation of mobile devices [14, p. 95]. 

Jean-Marc Cieutat, Olivier Hugues, and Nehla Ghouaiel define AR as the combina-
tion of physical spaces with digital spaces in semantically linked contexts for which the 
objects of associations lie in the real world [3, p. 32]. According to Gartner hype cycle 
analysis (see Fig. 1) AR is a mature technology and it will reach the plateau of produc-
tivity in 5-10 years [19]. Thus, in the near future the number (and quality) of augmented 



reality software and hardware is supposed to be increased. Augmented reality is imple-
mented in Ukraine slower than in some countries [11, p. 32], but its popularity in our 
country is currently growing (according to Gartner reports for 2010-2011). However, 
sustainable development of appropriate means abroad is likely to lead to accelerated, 
compared to Fig. 1, speed of augmented reality by hype cycle in Ukraine. Conse-
quently, the forecast of augmented reality reaching the plateau of productivity in 
Ukraine within the next 10-15 years seems to be real. 

 

Fig. 1. The trajectory of AR at the Gartner hype cycle since its first appearance in Gartner re-
ports till now 

Undoubtedly, the increasing number of augmented reality applications for mobile de-
vices contributes to this process. The use of this software in education provides an op-
portunity to accommodate the vast majority of subjects of the educational process both 
in high and secondary schools: our experience shows that the proportion of the students 
who are able to use mobile Internet devices in the classroom is not less than 90%. In 
addition, augmented reality applications for mobile devices can naturally be a part of 
the mobile learning environment [20, p. 46], which benefits are thoroughly compared 
with classical ones in [8]. 

Stanley Pierre-Louis in his testimony before the U. S. Senate Committee on Com-
merce, Science & Transportation of United States Senate said that “the applications of 
these technologies [AR and mixed reality] to education are endless” [6, p. 7] and 
pointed some of these applications. In this paper we will review some possibilities of 
using AR in learning Science subjects at secondary schools. 

Mark Billinghurst and Andreas Dünser [2] note that augmented reality is able to 
expand traditional learning models. The authors emphasize that augmented reality fa-
cilitates the understanding of complex phenomena, provides unique visual and interac-
tive experience, that combines real and virtual data, and helps to interact with digital 
content. 



What is more, the use of augmented reality promotes new forms of collaboration, 
educational cooperation and motivates students to work actively both in the classroom 
and remotely. According to the authors [2], augmented reality allows creating a unique 
educational environment, but at the same time they note that possibilities of augmented 
reality and its application should be studied in more detail. 

Phil Diegmann, Manuel Schmidt-Kraepelin, Sven van den Eynden, and Dirk Basten 
[5] have studied the experience of using augmented reality in education. They have 
analyzed and systematized the use of augmented reality in 25 publications according to 
directions of its usage and training benefits (table 1). Each cell of the table contains the 
relative number of publications which describe the benefits of using augmented reality 
in this area. 

Table 1. Benefits of using augmented reality in education 

Directions 
 
Benefits 
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Motivation 28% 16% 4% 4% 
Attention and Concentration 16% 0% 0% 0% 
Satisfaction of Learning Needs 4% 8% 4% 4% 
Student-centered Learning 8% 0% 0% 0% 
Collaborative Learning 4% 8% 0% 0% 
Details in Data Presentation 0% 0% 4% 0% 
Accessibility Information 0% 0% 4% 4% 
Interactivity 4% 0% 0% 0% 
Learning Curve 24% 16% 24% 4% 
Creativity in Learning 8% 0% 0% 0% 
Spatial Abilities 0% 8% 4% 0% 
Memory 4% 0% 8% 0% 
Reduced costs 0% 4% 4% 0% 
 
Thus, using augmented reality: 

─ facilitates the understanding of complex phenomena with the help of unique visual 
and interactive experience, that combines real and virtual data; 

─ promotes the effective demonstration of abstract concepts; 
─ motivates students to learn, making educational process more effective and interest-

ing; 
─ supports the development of new forms of cooperation and sharing of educational 

experience; 
─ involves students in active learning in the classroom as well as remotely. 



To sum up, the main benefits of using AR are linked to opportunities for studying ob-
jects and phenomena, which are inaccessible for direct cognition, but can be observed 
by the meanings of AR. It can be very useful in learning abstract Maths and Science 
concepts. Moreover, AR shows the links between real and virtual objects. For example, 
students can see that constant chaotic moving of molecules is not a “thing-in-itself”, 
but the nature of the gas. Moreover, AR can be a good example of developing technol-
ogy by itself and show accelerating progress in the modern world. At schools AR can 
form some “digital” habits, which can be useful in future life. Using AR in a classroom 
makes it possible to learn in personal-oriented environment. It helps students to provide 
their own learning (and self-learning) styles. 

According to The State Standard of the Basic and Complete Secondary Education 
key competencies are [7]: 

─ native language competency; 
─ foreign language competency; 
─ mathematical competency; 
─ competencies in science; 
─ digital competency; 
─ lifelong learning; 
─ social and civic competencies; 
─ sense of initiative and entrepreneurship; 
─ cultural awareness; 
─ ecological competencies and health care. 

Every competency consists of four components: cognitive (related knowledge and in-
tellection), praxeological (needed skills and experience), axiological (personal values 
and motivation to develop competency), social and behavioral (personal habits and abil-
ities in communication and cooperation in providing main activity of the competency) 
[12, p. 58]. The benefits of using AR in secondary education (in regard to key compe-
tencies) are given in the Table 2. If a competency is not presented in the table, it means 
that it is hard to distinguish the influence of AR on its forming. 

Table 2. Advantages of using AR at science lessons (in regard to key competencies) 

Competency 
Component of Competency 

Cognitive 
Skills and 

Experience 
Values 

Social and 
Behavioral 

Mathematical 
Competency 

supporting of ab-
stract mathemati-
cal concepts 
learning 

scaffolding of 
basic math skills 
(for example ge-
ometry imagi-
nation) 

giving an addi-
tional example 
how mathemati-
cal equations 
come to life 

making better 
conditions to 
provide own 
learning style 

Competencies 
in Science 

supporting of ab-
stract concepts 
learning; improv-
ing links between 
nature objects and 

making possible 
to operate with 
objects, which 
are inaccessible 

demonstrating 
variety of sci-
ence implemen-
tation; motivat-
ing for science 

making better 
conditions to 
provide own 
learning style 



Competency 
Component of Competency 

Cognitive 
Skills and 

Experience 
Values 

Social and 
Behavioral 

phenomena (in-
cluding inaccessi-
ble for direct cog-
nition) 

for direct cogni-
tion 

learning due to 
making abstract 
concepts not ab-
stract ones 

Digital 
Competency 

widening outlook; 
getting know-
ledge about AR 

acquiring skills 
and getting ex-
perience in mas-
tering subjec-
tively new tech-
nologies 

demonstrating 
the importance 
of digital liter-
acy in the mod-
ern world 

mastering new 
ways of digital 
communication 
(including learn-
ing one) 

Lifelong 
Learning 

demonstrating in-
finite technologi-
cal progress 

getting new 
learning habits 

demonstrating 
both entertain-
ing and useful 
learning poten-
tial 

mastering new 
ways of learning 
communication 
and self-devel-
opment 

Sense of Initia-
tive and Entre-
preneurship 

gaining knowled-
ge about effective 
ways of organiz-
ing information 
and developing 
flexible thinking 

acquiring skills 
and getting ex-
perience of ap-
plying the same 
technology in 
different fields 

giving an op-
portunity to 
adapt to con-
stantly chang-
ing situations 
(using an exam-
ple of AR) 

mastering new 
effective ways of 
communication 

Cultural 
Awareness 

mastering new ef-
fective ways of 
gaining cultural 
knowledge 

improving 
praxeological 
component of 
technical aware-
ness as a neces-
sary part of per-
sonal cultural 
awareness 

helping to un-
derstand the im-
portance of cul-
tural awareness 
by making 
cross-cultural 
links more ob-
vious 

giving more op-
portunities for 
creating own 
style of self-de-
velopment 

Ecological 
Competencies 
and Health 
Care 

making better 
conditions for un-
derstanding the 
complexity of 
ecological and 
medicine pro-
cesses 

acquiring skills 
and getting ex-
perience of 
health care by 
themselves (us-
ing sport facili-
ties with AR) 

demonstrating 
the importance 
of health care 
and saving the 
environment 
due to under-
standing links 
between nature 
phenomena and 
human activi-
ties 

making better 
conditions to 
create own 
health care pro-
gramme using 
sport facilities 
with AR 

 
The most essential drawbacks of using AR are connected with deficient studies of its 
influence on users’ health and a lack of privacy and security [15]. We should say that 



the last problem is mainly caused by irresponsible using of AR; it is not AR itself. That 
is why it is especially important to teach students basics of AR using (including safety 
regulations). One of the difficulties, which we face applying AR at Ukrainian secondary 
school, is their English interface. We can overcome this drawback by developing for-
eign language competency. 

3 CLIL Approach In Education 

3.1 CLIL Definition 

English teaching is still based on traditional education with textbooks as a main re-
source. The textbooks are mainly focused on grammar material and stereotypical cul-
tural views. This way of teaching does not encourage students to learn language. New 
methods and approaches should be used to motivate students and to adapt to their learn-
ing needs and styles. Content and Language Integrated Learning (CLIL) is considered 
to be one of such approaches [9]. CLIL is a dual-focused educational approach in which 
an additional language is used for the learning and teaching of content and language 
with the objective of promoting both content and language mastery to pre-defined lev-
els [9, pp. 2, 65]. 

3.2 Risks and Benefits of CLIL Approach 

According to Do Coyle, Bernardette Holmes, and Lid King there are four dimensions 
(4 Cs) which form a conceptual CLIL framework: content, cognition, communication 
and culture [4]. The authors define five key characteristics which have been drawn from 
experience of working with successful CLIL. 

1. Choosing appropriate content 

 CLIL is about new learning. In a CLIL lesson the learner is discovering new 
knowledge, developing new or existing skills and deepening understanding; 

 lessons must integrate subject area content and language content; 
 content planning involves choosing relevant contexts for learning which are ap-

propriate to the learners’ age, ability and interests and provide meaningful inter-
action with and through the language. 

2.  Developing intercultural understanding 

 CLIL actively seeks to promote intercultural understanding by planning and 
providing rich opportunities to investigate and reflect on different cultures, tradi-
tions and values; 

 This approach not only involves learning content through another language, but 
also often involves learning content through another cultural lens. 

3. Using language to learn/learning to use language 



 CLIL involves rich input. Learners are expected to interact with language which 
is accessible to their existing linguistic level but which promotes linguistic pro-
gression; 

 learning new content through language often requires learners to find information 
from spoken and written text which is at a higher level than the learners’ current 
productive capability; 

 CLIL accelerates the development of language learning strategies to support 
learners in working out the meaning of what they hear and read and using prior 
knowledge to predict content. 

4. Making meanings that matter 

 There is an expectation that CLIL will involve interaction in the target language 
within and beyond the classroom; 

 learners will have opportunities to use language for authentic communication; 
 CLIL provides motivating contexts for communication which encourage students 

to use language to express thoughts, ideas and feelings which matter to them. 

5. Progression 

 In a sequence of learning there will be evidence of scaffolding in both language 
using and interaction with content; 

 learners will progress in language and in the content subject; 
 learners will develop higher order thinking skills, demonstrating their ability to 

make observations, analyze, generalize and apply their skills to fresh contexts. 

CLIL develops a positive attitude to learning by means of diverse educational activities. 
For instance, students get more language practice including not only dependent on clas-
sical language based activities (speaking, reading, writing, listening), but doing exper-
iments, solving problems, dealing with laboratory assignments etc. This can increase 
students’ motivation to learn and can enable them to progress more quickly. CLIL ap-
proach allows to be more flexible and employable at the labour market, provides learn-
ing mobility and helps to adapt more quickly to constant changes in our increasingly 
interconnected world. At CLIL lessons students are aware that knowledge and skills 
are applicable to a wide range of fields. They gain a healthy appreciation of skills and 
become more motivated to improve them. 

CLIL approach involves cooperation and mutual assistance. It provides collaborative 
environment for both language and science subject learning in a practical way. Students 
are helpful in assisting each other when getting either into language or science prob-
lems. Such situation promotes partnership and cooperation. Advantages of CLIL ap-
proach (in regard to key competencies [7]) are reflected in the table 3. 
The implementation of CLIL approach in secondary school educational process allows 
us to distinguish such backgrounds of CLIL lessons as: 

─ proper level of students’ language skills; 
─ parents’ and students’ demands for social mobility; 
─ the teachers’ readiness to introduce CLIL lessons; 



─ social competency of all educational process participants. 

Table 3. Advantages of CLIL science lessons approach in key competencies forming 

Compe-
tency 

Component of Competency 

Cognitive 
Skills and 

Experience 
Values 

Social and 
Behavioral 

Foreign 
Language 
Compe-
tency 

widening cross-
subject vocabula-
ry 

creating real le-
arning situa-
tions; providing 
more language 
practice 

realizing the neces-
sity of languages to 
access science so-
urces; using lan-
guages for real 
practical purposes 

providing mutual 
assistance in lear-
ning languages; 
making the social 
environment more 
accessible 

Mathemat-
ical Com-
petency 

learning specific 
terms in a foreign 
language 

learning culture-
based math 
rules (e.g. mne-
monics) 

realizing an impor-
tance of studying 
math for learning 
mobility 

empowering soci-
al interaction in 
learning math 

Compe-
tencies in 
Science 

learning terms in 
a foreign lan-
guage; providing 
a wider variety of 
learning objects 
and original sci-
entific sources 

learning culture-
based science 
rules (e. g. mne-
monics) 

understanding the 
importance of stud-
ying science for 
learning mobility 

empowering soci-
al interaction in 
learning science 

Lifelong 
Learning 

giving opportuni-
ties to work with 
various learning 
resources; 
providing cross-
subject links 

acquiring skills 
of “mining” 
knowledge in 
different lan-
guages 

increasing aware-
ness of developing 
in different fields; 
presenting teach-
ers’ examples of 
development in 
various spheres 

forming collabo-
ration habits due 
to mutual assis-
tance in learning 
both language and 
science 

Social and 
Civic 
Compe-
tencies 

developing better 
cross-cultural un-
derstanding 

shaping toleran-
ce and respect to 
other cultures; 
increasing val-
ues of cultural 
peculiarities 

demonstrating dif-
ferent cultures im-
pact on science 

appreciating plu-
ralism; broaden-
ing social experi-
ence 

Sense of 
Initiative 
and Entre-
preneur-
ship 

providing a wider 
range of re-
sources 

broadening te-
amwork experi-
ence (including 
leadership qual-
ities) 

demonstrating im-
portance of per-
sonal input in com-
mon success 

providing mutual 
assistance while 
learning both lan-
guage and science 

Cultural 
Awareness 

widening outlook widening a ran-
ge of multilin-
guistic activities 

recognizing the im-
portance of differ-
ent knowledge 
spheres 

raising cultural 
awareness; enhan-
cing ability for 
cultural reflection 

 



While introducing CLIL lessons we face such difficulties as: 

─ curriculum coordination; 
─ consuming a lot of time to prepare a CLIL lesson; 
─ a lack of appropriate materials and resources. 

Despite all challenges and problems, CLIL approach has its advantages. Taking into 
consideration both recent researches [4; 9] and our practical experience we can con-
clude that CLIL lessons: 

─ are more interesting and motivating; 
─ are time-saving (both subjects are learnt together); 
─ help students to feel confident; 
─ promote communication and understanding; 
─ contribute to personal and cultural development; 
─ provide educational diversity; 
─ increase mobility. 

4 Conclusions 

To conclude, nowadays both new learning and IC technologies are required to satisfy 
“Zeds” demands. For instance, all reviewed technologies provide individual learning 
strategies: AR and cloud-based learning environment help students to work according 
to their personal style, CLIL approach helps students to feel confident either in language 
or non-language subjects. Cloud-based learning environment gives students and teach-
ers great opportunities for communication and cooperation via online tools, and CLIL 
approach is based on their teamwork and collaboration. 

Although AR and CLIL are supposed to be relatively new technologies, in fact, they 
are sufficiently mature and can be used at school. The using of both AR and CLIL in 
cloud-based science learning environment helps to form and develop 9 of 10 key com-
petencies (except native language competency). Cloud-based technologies provide 
online and offline access to learning materials and give more opportunities for individ-
ual and group work. Augmented reality helps to create the firm links between real and 
virtual objects. Moreover, it is very beneficial for studying abstract mathematical and 
science concepts. Content and language integrated learning creates conditions for effi-
cient group and individual work in language and science learning. 

We should mention that implementation of these technologies is reasonable only 
under certain conditions. AR using requires gadgets and appropriate level of teachers’ 
digital literacy. Conversely, CLIL implies the proper level of foreign language compe-
tency and readiness of all participants of education process to introduce this approach. 
The main difficulties, we face applying these technologies in science learning, are con-
nected with organization of educational process not with teaching or learning. To sum 
up, cloud-based, AR and CLIL technologies together create rich learning and teaching 
environment for effective and interesting education of modern students. 
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Abstract. The purpose of the research is to consider the possibilities of gamifi-
cation and elements of augmented reality in the secondary school during the bi-
nary lessons in Physics and English. The objective of the research is to give ex-
amples of conducting binary lessons by means of gaming and elements of aug-
mented reality. The object of the research is the process of teaching Physics and 
English in a secondary school. The subject of the research is the use of gamifi-
cation and the elements of augmented reality when conducting binary lessons in 
a secondary school. The article considers the possibility of introducing the ele-
ments of augmented reality and gamification in a secondary school during the 
binary lessons. Examples of binary lessons for the secondary school students us-
ing gamification and augmented reality elements are given. The introduction of 
various types of educational activities during the binary lessons is analyzed. The 
results of the research indicate that gamification and the introduction of the ele-
ments of augmented reality in the process of studying in a secondary school con-
tribute to the formation and development of cognitive interest of students in Phys-
ics and English; it will promote the application of scientific and technical 
knowledge in real life. 

Keywords: binary lessons, gamification, augmented reality, studying in a sec-
ondary school, Physics, cognitive interest, basic school. 

1 Introduction 

One of the effective means of forming students’ cognitive interest in science in general 
education is the implementation of integrated lessons. 

The problem of organizing the educational process on an integration basis was the 
subject of researches conducted by Iryna M. Kozlovska [9], Yaroslav M. Sobko [16], 
Vladimir T. Fomenko [8], Tetiana D. Yakymovych [21] and others; the integration of 



natural science knowledge was analyzed in the works of Iurii I. Dik [7], Vira R. 
Ilchenko [10], Mykhailo T. Martyniuk [15], Vasilii G. Razumovskii [15], Illia O. Tep-
lytskyi [17] and others. Integral pedagogical technology as a model of learning was 
developed in the works of Oksana Ya. Marynovska [13]. 

2 Exposition of Basic Material of Research 

Integrated lessons should be conducted periodically so that students could see the cor-
relation between the school subjects and understand that the knowledge gained from 
studying one subject allows you to understand the processes that are being studied in 
other subjects better. These lessons are relevant and effective regardless of whether the 
students are learning new or generalizing already learnt material. During the integrated 
lessons multidimensional objects are considered, which are subjects of studying for 
various school disciplines [4; 6]. 

In the process of studying at a secondary school the integrated technology is imple-
mented in the following ways: conducting lessons using interdisciplinary connections; 
implementation of integrated lessons; conducting binary lessons [1]. 

Binary lessons, as a rule, allow you to integrate knowledge from different fields to 
solve one problem, make it possible to apply your knowledge in practice. Such lessons 
are often conducted by two teachers. 

Our experience shows that in the process of studying in a comprehensive school it is 
reasonable to have integrated lessons in physics, biology, chemistry, mathematics, for-
eign languages [20]. 

The purpose of a binary lesson is to create conditions for the motivated practical 
application of knowledge, skills and abilities, to give students the opportunity to see the 
results of their own learning in two different educational disciplines and get positive 
emotions from the process of gaining knowledge. 

Here are some examples of binary lessons that we think is reasonable to have at a 
secondary school: 

1.  “Diffusion in Nature and Science” – a binary lesson in Physics and English 
(Grade 7) [1]. 

2.  “Science and Technical Progress. Light Phenomena in Nature and in Technology” – 
a binary lesson in Physics and English (Grade 9). 

3. “Magnetic Field in Nature and Technology” – a binary lesson in Physics and Biology 
(Grade 9) [4]. 

4. “Resistance-moving System” – a binary lesson in Biology and Physics (Grade 9) [6]. 
5. “Environmental Problems of Nuclear Energy” – a binary lesson in Physics and Eng-

lish language (Grade 9). 

In order that pupils work effectively during the binary lessons, it is necessary to imple-
ment gamification and elements of augmented reality. 

The game for children and young people is a usual form of communication, when 
they feel themselves most comfortable. Discussions in form of a game avoid obstacles 
such as insufficient knowledge, inability to argue reasonably for their opinion [2]. 
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During the lesson in the 7th grade (“Diffusion in nature and science”), it is a good 
idea to work with the interactive whiteboard, such as SMART Board, at the warming-
up stage and during the actualization of students’ skills and abilities, for example, the 
task to define the physical phenomena (exercise “Physical Football”, Fig. 1). 

  

Fig. 1. Exercise “Physical football” 

After the announcing of the theme of the lesson students are encouraged to explain the 
task encoded using QR codes and thus split them into teams (Fig. 2). 

QR codes can be used in game quests to offer game tasks at one or more stages of 
the corresponding activities, in educational crossword puzzles [3]. 

During the main part of the lesson students carry out experimental tasks: one group 
of students carries out experimental tasks with the help of devices, and the other group 
of students is encouraged to watch the video after scanning the QR-code [1]. 

Students of the 7th grade are encouraged to read the task in English, carry out the 
experiment, and then explain the results in English as well. An example of the task 
“Wilful Potato”. 

Experiment # 2. “Wilful Potato” 
Purpose: to observe the phenomenon of osmosis. 
Equipment: potato cubes, a glass of weak salt solution, a glass of clean water, a glass 

of concentrated salt solution, a knife, sugar, a board, a saucer. 

1. You have three glasses with different liquids, they contain almost identical cubes of 
potato. 

2. One or two hours later, we can see that the cubes began to differ: the first of them 
(the one that was in weak salt solution) remained the same size, the second (it was 



in strong salt solution) shrank and became much smaller, and the third, on the con-
trary, plumped up. 

  

Fig. 2. QR codes for dividing students into teams 

At the beginning of the lesson “Science and Technical Progress. Light Phenomena in 
Nature and in Technology”, the teacher of English and the teacher of Physics an-
nounced the theme and the objectives of the lesson. The aim of this lesson in Physics 
is to test and consolidate students’ knowledge on the topic “Light Phenomena”, the 
purpose of the English lesson is to activate and test students’ skills in different types of 
language activities in English. 

During the warming-up activities students were offered some tasks in both English 
and Ukrainian. There were tasks using Kahoot [11], SMART Board. With great interest 
students solve puzzles (Fig. 3); guess riddles in English concerning light phenomena in 
Physics (Fig. 4). 

The main part of the lesson was dedicated to performing experimental tasks in Phys-
ics. Students were divided into four groups beforehand, performing laboratory work 
they studied the laws of Physics and light phenomena, for this purpose, the method of 
active learning was introduced: the experimental task is given to the students, having 
read the task students work out the possible results of the experiment, and subsequently 
check it during the experiment. 

During the course of this lesson, the students are encouraged to ascertain experimen-
tally the validity of the following laws: 



5 

─ The law of refraction (Snell's law of refraction) - the law of refraction of light (the 
law of Snelius), 

─ Dispersion of light, 
─ The law of reflection, 
─ The law of rectilinear spread of light. 

 

Fig. 3. An example of a puzzle 

 

Fig. 4. An example of a riddle 



During the lesson “Environmental Problems of Nuclear Energy” (Grade 9) it is reason-
able to use the elements of the augmented reality [14] (Fig. 5). To do this, before the 
lesson, the students are encouraged to download the “Augmented Nuclear plants” free 
application (Fig. 6). The markers printed on paper are distributed to the students. 

  

Fig. 5. The work with a marker Fig. 6. The elements of the augmented 
reality at the lesson of Physics 

We offer the following tasks to the ninth-graders: 

1. Describe the nuclear power plants on each card, explain how the nuclear power plant 
works. 

2. Try to find out on what conditions you can build a nuclear power plant. 
3. Two power plants are not atomic power plants, find them. Explain how they affect 

the environment. 

3 Conclusion 

Our experience of conducting binary lessons gives grounds to draw the following con-
clusions. Binary lessons are an effective means of increasing the motivation of studying 
natural sciences as they create conditions for the practical application of knowledge; 
develop students' skills in self-education, since a significant part of the training is car-
ried out by students on their own and after classes; develop analytical abilities and in-
genuity; form convergent thinking; at binary lessons we transfer skills in new spheres, 
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which helps to find a solution to the problem under the new conditions; have significant 
educational potential; the positive atmosphere of such a lesson allows us to solve com-
municative tasks and contributes to the formation of a fully-developed student’s per-
sonality. The realization of integration between subjects is possible only under the con-
dition of a positive climate in the team of teachers, their fruitful cooperation on the 
basis of mutual understanding and respect and the knowledge of the programs of other 
natural sciences. 

It is important to integrate English with other subjects in high school for the career-
guidance purposes. It is important to note that the introduction of gamification and aug-
mented reality in education in the secondary school allows the participants of the game 
to go beyond the content and the forms of the presentation of educational material in-
troduced by the teacher; in the process of performing such tasks students develop their 
communicative skills; gamification and elements of augmented reality contribute to the 
formation and development of students’ cognitive interest, motivate their self-educa-
tional activities. 
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Abstract. The aim of the article is to describe the problems of personnel training 
that arise in view of extension of the STEM approach to education, development 
of innovative technologies, in particular, virtualization, augmented reality, the 
use of ICT outsourcing in educational systems design. The object of research is 
the process of formation and development of the educational and scientific envi-
ronment of educational institution. The subject of the study is the formation and 
development of the cloud-based learning and research environment for STEM 
education. The methods of research are: the analysis of publications on the prob-
lem; generalization of domestic and foreign experience; theoretical analysis, sys-
tem analysis, systematization and generalization of research facts and laws for 
the development and design of the model of the cloud-based learning environ-
ment, substantiation of the main conclusions. The results of the research are the 
next: the concepts and the model of the cloud-based environment of STEM edu-
cation is substantiated, the problems of personnel training at the present stage are 
outlined. 
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1 Introduction 

Nowadays it is impossible to introduce the innovative ICT into the learning process and 
management of pedagogical systems without paying attention to the organization of 
teachers training in educational institutions especially in view of the current need of a 
large amount of highly skilled IT personnel for information society development. To 
train teachers that would be involved in the process of informatization of the modern 
educational environment it is necessary to develop new approaches related to the edu-
cation at different level and profile of training [7]. 

There is a significant need in ICT-qualified specialists in the field of public admin-
istration of education, educational management, training and retraining of teaching 
staff. Without sufficient knowledge of the current developments of educational ICT 
services the graduates will have problems with adaptation at their workplace due to the 



lack of awareness of the real issues and working conditions of innovative ICT use, as 
well as the lack of ideas on the practical implementation of innovations in the educa-
tional process, low level of emerging educational techniques introduction [6; 7]. 

It is unlikely that the present state of scientific, educational and management person-
nel training is quite satisfactory for the needs of innovative development of ICT for 
learning both regarding the required number of qualified specialists and the content and 
quality of training. Therefore there is a need for the development of new models and 
approaches to personnel training in view of the modernization of ICT infrastructure and 
the integration of learning resources at different levels of education, management and 
research [6; 7]. 

2 Results and Discussion 

The process of creation and content elaboration of electronic learning resources re-
quires fundamental basic knowledge in the field of computer and educational technol-
ogies. Instead, approaches to training today are usually not enough focused on innova-
tions that has taken place in recent years and on the real needs for such training [7]. 
Certain approach to these problems solving can be based on the mechanism of out-
sourcing of ICT services provision with the use of appropriate cloud computing services 
[1]. Outsourcing plays a significant role in improving the technical level of ICT systems 
of educational institutions, as well as the efficiency of their processing and develop-
ment. It is a market mechanism enforcing the introduction of the latest advances in ICT, 
aimed at more flexible and prompt response to the needs of the user [1]. In view of the 
challenges of educational institution innovative ICT infrastructure formation it would 
be possible to solve some of the above-mentioned problems [6]. 

Under the learning and research environment of the educational institution the en-
vironment of the learning and research activities of its participants (students, listeners, 
teachers, methodologists, scientists, administrative, managerial and auxiliary staff) is 
meant, where the necessary, sufficient and safe conditions for its implementation are 
created. 

The cloud-based learning and research environment of educational institution is the 
environment of the learning and research activities of the participants, where the virtu-
alized computer-technological (corporate or hybrid) infrastructure is purposefully cre-
ated to provide its computer-processing functions. 

The cloud-based approaches to the formation of the educational environment have 
promising application in the field of STEM education (Science, Technology, Engineer-
ing, Mathematics). The research in this area is aimed at achieving of a new quality of 
learning by means of more powerful, flexible, scalable infrastructure solutions that can 
be used to integrate a variety of educational components based on emerging technolo-
gies into the learning and research environment. Thus, the concept of the cloud-based 
environment of STEM-education appears to be valuable. 

Among the functions of the cloud-based environment are: support for various pro-
cesses of learning and research activities within an educational institution, supply of 
educational resources and services based on a unite platform. 



 

This leads to the concept of cloud-based learning technology namely the computer-
oriented part of learning technology aimed at solving of certain didactic tasks. It reflects 
the model of learning structure (as a set of relationships among the participants of the 
learning process, the elements of content and other components of the computer-based 
environment) the use of computer-based learning tools, information and communica-
tion networks and electronic resources, mainly and fundamentally based on cloud com-
puting [7]. 

Recently in the field of STEM education the following ICT trends [4] have been 
developed, such as new interfaces, screenless displays, 3D technologies, augmented 
reality [2], “emotional” computing, wearable technologies (devices) and others. All 
these areas are united under the common name of “new opportunities” (new enabling 
technologies) [3; 5]. 

 

Fig. 1. The model of the cloud-based learning and research environment of STEM-education 

If we consider STEM-education tools and services in terms of the cloud-based learn-
ing and research environment services types, it is possible to distinguish the following 
elements that are its most important structural units: 



─ the personalized (remote) STEM education laboratories, which contains the tools for 
the management of various specialized software, devices and equipment through the 
network; 

─ the subject-oriented collections, libraries, learning resources depositories, containing 
sets of different programs and data for educational purposes; 

─ the specialized corporate cloud software, in particular, those services of modeling, 
programming, computing, designing, solving of educational tasks that are available 
for a corporate range of users – for example, employees and students of an educa-
tional institution; 

─ the services of scientific and educational information networks that can provide ac-
cess to various data, electronic resources and network tools for scientific and educa-
tional purposes, provided to the participants of a public network (Fig. 1). 

Among the computer-based tools for creating, combining and reusing of content, ser-
vices, applications and data in STEM learning process there are such as simulation 
tools; embedded network objects; platforms and networks for the organization of joint 
activities; communication tools in the learning process and others. In [1] the following 
components are distinguished: 

─ the environment for learning objects testing and experimentation (“residence” learn-
ing experience), for example, using 3D-modeling, imaging technology, augmented 
and virtual reality, adaptive / personalized environments); 

─ the learning support services (e.g., data processing, training analytics for tracking 
and evaluating dynamically the real-time student’s achievements) [3]. 

3 Conclusion 

Thus, the problems of STEM-education personnel training in modern innovative envi-
ronment are in much concern along with the need for wider implementation of ICT-
outsourcing in the design of educational systems and the development deployment of 
innovative technologies, including virtualization, augmented reality and others in the 
processes of teachers training. 
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Abstract. The expediency of using the augmented reality in the case of using of 
STEM-education in Ukraine is shown. The features of the augmented reality and 
its classification are described. The possibilities of using the Google Expeditions 
and Google Lens as platforms of the augmented reality is analyzed. A compari-
son, analysis, synthesis, induction and deduction was carried out to study the po-
tential of using augmented reality platforms in the educational process. Main 
characteristics of Google Expeditions and Google Lens are described. There de-
termined that augmented reality tools can improve students motivation to learn 
and correspond to trends of STEM-education. However, there problems of using 
of augmented reality platforms, such as the lack of awareness of this system by 
teachers, the lack of guidance, the absence of the Ukrainian-language interface 
and responding of educational programs of the Ministry of Education and Science 
of Ukraine. There proposed to involve methodical and pedagogical specialists to 
development of methodical provision of the tools of augmented reality. 
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1 Introduction 

Development of the country is depends of the education level of country. That why 
methods used for education of the students is provide impact on the all humanity de-
velopment. There a lot of the positive educational innovation is already implemented 
worldwide. 

2 Literature Review and Problem Statement 

However, modern society requires the innovation methods including to increase the 
students motivation. The motivation factor is agreed with scientific results [9]. In the 



research was analyzed the motivation of students during the augmented reality (AR) 
education [18]. There was determined that 64.7% pupils was enjoyed the AR-education 
and 35.3% ware strongly enjoyed. There was no negative effect on the student’s moti-
vation. 

There is described the interactive methods of education previously. This methods 
can be divided to the regular and periodic. The regular methods of the digital motivation 
of the students developed weakly in Ukraine. However, it based on the including of the 
interactive boards and using of the web-pages on classes. Project “The Future” [7], 
web-page “For the lesson” [20] and web-page of the virtual STEM-center of Junior 
Academy of Sciences of Ukraine (stemua.sciece) is one of most widely-used resources 
[15].  

However, the periodic events aimed to improve motivation of students are more of-
ten used in the education system of Ukraine. However, there is no so much digitized 
education events. One of them is an open natural demonstration, based on the using of 
search skills of student that is important competence of modern people. Students are 
use the Google Search to research proposed question. 

There is an increasing of scientific articles devoted to the AR digitalization of the 
classes’ quantity. Thus, there was published 15 articles in the 2015, compare to 1 in 
2011. The maximum articles quantity was observed in the 2014th with indicator of 18 
[11]. 

Some scientific articles was devoted to analyze of the AR (VR)-approaches in the 
classes [21]. However, the aim of the article is to analyze the possibility to implement 
interactive augmented reality methods to the education system of Ukraine.  

There was proposed to use the SamRohn 360 VR, BlakewayGigapixel, AirPano 
Arial Panoramaand 360 World Tours, World Tour 360, and World in 360, YouTube, 
Sites in 3D Virtual Tours, You Visit 360, Vatican, Kid World Citizen, Google Expedi-
tions, Google Streets and InCell VR to use in the educational process [21]. 

Using of the argument reality in teaching is possibility to visualize information. Vis-
ualization of educational materials provide improving level of mastering of educational 
information by students [2]. Main advantage of instruments of AR is lower level of 
negative effects comparing to virtual reality. However, modern tendency of Ukrainian 
education declamation providing of STEM-approaches of educational which including 
using of informational technologies [24]. 

AR is approach to visualization of information, which include elements of virtual 
reality in the reality. Scheme of the augmented reality is shown on Fig. 1. 

The result Lee Steven O. Zantua [27] prove that there is positive effect on the moti-
vation of pupils. The research show that students want to learn the subject using the VR 
(AR). All responses based on the wants of student to use AR is positive. However, there 
was some problems with Google Cardboard. The most excited point of using VR (AR) 
for children’s is possibility to “travel to the different countries” without plane. The main 
disadvantages are eyes hurting, the problem of lack of moving freedom and it’s uncom-
fortable according to the children’s opinion [27]. 

According to “The Future” project supported by Ministry of education and science 
of Ukraine (doc. num. № 1/9-436, 09.08.2017) AR is divided to marker, no marker, 
projection and VIO [7]. Lack of the possibility to exchanging methodological material 



 

is one of the limiting factors for the implementation of the AR in education. Thus, it is 
relevant to develop a platform for the placement of techniques and methods, in partic-
ular, the AR. The advantage of the first solution is its flexibility as one can choose any 
relevant combinations of the simulation environments, yet, their integration level is 
usually insufficient. The closed character of the second solution and its binding to a 
certain software platform make it relevant to be applied to solving various practical 
tasks and irrelevant for neural network simulation training as a network becomes a 
black box for a user. The fourth solution is partially platform-dependent as a neural 
network becomes a grey box for a user. The final solution is totally mobile and offers 
an opportunity to regard the model as a white box, thus making it the most relevant for 
initial mastering of neural network simulation methods. 

 

Fig. 1. Scheme of the augmented reality 

3 The Aim and Objectives of the Study 

The aim of the article of is to describe the possibility of using of the most relevant AR 
instruments for education. They are Google Expedition and Google Lens.  

To accomplish the set goal, the following tasks are to be solved: 

1. Learn the advanced pedagogical experience of using the Google Expedition and 
Google Lens in the world; 

2. Compare prospects of application of using the Google Expedition and Google Lens. 

4 Pedagogical experience of using the Google Expedition and 

Google Lens 

Let’s consider more features of functioning of both tools. Google Expedition AR is 
Google main instrument based on AR which imposes virtual objects on the reality fixed 



by phone (table) camera. This way, Google Expedition AR is include marker and pro-
jection AR. It’s already widely using in the educational systems of USA mainly in El-
ementary School [2; 4; 9; 27]. 

However, the potential of Google Expedition is not limited by using in the Elemen-
tary School. This technology can be used for visualizing of anatomy, astronomy and 
other environmental sciences. The example of using AR in education is present on 
Fig. 2. 

 

Fig. 2. Example of using AR in education 

Google Expeditions enables teachers to bring students on virtual trips to places like 
museums, underwater, and outer space. Expeditions are collections of linked virtual 
reality (VR) content and supporting materials that can be used alongside existing cur-
riculum. 

These trips are collections of virtual reality panoramas – 360° panoramas and 3D 
images – annotated with details, points of interest, and questions that make them easy 
to integrate into curriculum already used in schools. 

Google is working with a number of partners, including: WNET, PBS, Houghton 
Mifflin Harcourt, the American Museum of Natural History, the Planetary Society, Da-
vid Attenborough with production company Alchemy VR and many of the Google Arts 
& Culture museum partners to create custom educational content that spans the uni-
verse. With over 300 Expeditions currently available, the content touches on a wide 
range of subjects including historical landmarks, natural wonders, college campuses, 
careers and more [1]. 

Google Expeditions has already serviced over 2 million students [17]. Expanding 
into augmented reality will allow teachers to further engage their students by not only 



 

letting them view the subjects from every angle, but by letting them interact and share 
the experience with each other as they do. Allowing students to gather around an object 
or scene more closely mirrors an open classroom environment, having significant ben-
efits of each student holding a Google Cardboard over their eyes. Manual of using 
Google Expedition during lessons are actively developed by progressive teachers from 
the UK and the United States [25]. 

Using of Google Expedition may improve the size understanding of the natural phe-
nomena. For example, the anatomy learning can be upgraded this case due to possibility 
of size understanding. Studying human anatomy with virtual reality gives students a 
better grasp of the relative size of the different organs and parts which is better to mem-
orize it [4]. 

In the contrast of widely used and well-known Google Expeditions AR’s applica-
tions, there exist Google Lens which is innovated of education. The technology was 
presented in 2017 on the Google I/O conference [8]. Lens recognizes the image and its 
show the relevant information about it. The approach is integrated to the Google Photo 
and Google Assistant. This instrument use Artificial Intelligence for the best work and 
it self-development. This way, Google Lens is concerns to the marker AR. 

So, the main potential of the instrument is to learn the historical and cultural features 
under traveling. However, our opinion that there is much bigger potential to use it for 
the biological and other environmental researches. 

The approach is simplify the research process. The example of Google Lens using 
in the biological research is present on the Fig. 3. 

 

Fig. 3. The example of Google Lens using in the biological research 

The instruments can be used on the classes and during self-educational process. The 
studying programs of Ukraine is recite including of the research works based on the 
research method. The research method consist of background, construction, research 



and analysis part. Detailed information of the research method is described in our pre-
vious works and sciencebuddies.org web-page. One of the limiting parts of providing 
the research work is actual research process. The problem of providing the research is 
lack of equipment. Both approaches described previously can simplifies the require-
ments for the research process due to possibility personal self-phone using.  

However, increasing of the student’s motivation is one of the problem of the modern 
education. Nowadays there is digitization process which led to concentration of the 
children attention to the digital visualized information and that why there is the problem 
of the motivation of students. Both, Lens and Expedition can improve the motivation 
level of students due to its interactivity. However there is noted that the main advantage 
of augmented reality is simplification of the linking between other people and interact 
with their surroundings [16] and provide improving of the teamwork. The important 
AR advantage is that role of teacher is changed to the facilitator’s role who helps the 
students explore and learn and its increase enjoy of the education due to the students 
control learning process [3; 6; 26]. The pupils are concentrated on the education process 
ignoring the distractions [10; 11]. 

Studding of the low-spatial ability learners is facilitates due the lack of the extrane-
ous cognitive overloading [14]. The AR can simulate the dangerous situations to be 
ready for them [22]. 

However, the AR is important component of the STEM-education. The engineering 
aspect can be provided by possibility to test the prototype in the virtual environment 
before create it [23]. The science aspect can be achieved by the testing of the theories 
and hypotheses in the virtual environment [12]. The main positive aspects of the repre-
sented methods are presented in the Table 1. 

Table 1. The main positive aspects of the represented methods 

 Google Expedition Google Lens 
Motivation  Due to IT using, and it’s interactivity  Provided by possibility to use 

personal phones any time to re-
search 

Interactivity Provided by possibility of the Google 
Expedition to visualize natural phe-
nomena  

Interaction with any objects 

Knowledge 
increasing 

Due to the information visualization Due to the possibility of research 
any object any time 

Other ad-
vantages  

Simplification of the linking between other people and interact with their 
surroundings, improving of the teamwork, introduction of facilitator’s 
role, possibility to study of the low-spatial ability learners, size under-
standing, better memorizing, possibility to simulate the dangerous situ-
ations, providing STEM-education 

Using of these AR approaches depends on the few factors. The potential analysis of 
implementation of Google Lens and Google Expedition AR is presented in the Table 2. 

The AR-equipment can be devoted to chip and expensive. The simplest example of 
the simple AR-equipment is Google Cardboard with cost of 15$. However, there exist 



 

the Google daydream with 99$ of cost, Microsoft HoloLens with cost of 3000$ and 
google glasses with cost of 800$.Thus, the STEMUA platform allows teachers to de-
velop methodological material and deposit it to the platform. Methodical materials are 
automatically systematized in the database of the platform, and the materials are fore-
seen mainly in Ukrainian, which meets the requirements of the Ministry of Education 
and Science. Consequently, the platform is able to meet the teachers’ methodological 
needs regarding the use of AR in the classes. 

Table 2. The analysis of implementation of Google Lens and Google Expedition AR 

 Google Expedition Google Lens 
Abstract AR instrument Image analyzing system 
Approaches 
in education 

Physics, chemistry, biology, geogra-
phy, history, architecture 

Biology, history, architecture, 
mineralogy, geology, engineering 

Pedagogical 
aspects 

Lack of teachers awareness of this instruments, lack of the methodical 
achievements and there absence of Ministry of science and education 
recommendation about it 

Technical 
problems 

There is no official Google office in 
Ukraine (or it’s weak communica-
tion) and lack of equipment  

High equipment cost of the Lens 
supported stuff, there some mis-
takes of under working 

Other prob-
lems 

There is necessary to be careful with AR-devices due possibility of dam-
age the device during which might damage electronic components, 
problems GPS errors effect on the accurate of markerless AR programs 

5 Conclusions 

1. Google Lens and Google Expedition can enhance students’ motivation to learn and 
correspond to trends in STEM education. 

2. The use of these tools is limited by a number of factors, such as the lack of 
knowledge of this system from teachers, the lack of guidance on the use of this sys-
tem, the absence of prevailing the majority of the Ukrainian-language interface and 
the absence of stamp Ministry of Education and Science of Ukraine.  

3. The indicated problems can be solved by involving methodical-pedagogical workers 
in the development of methodical provision of the instruments of the complemented 
reality. 

4. We offer to provide classes with short-time using of the Google Expeditions and 
Google Lens due to its advantages kind simplification of the linking between other 
people and interact with their surroundings, improving of the teamwork, introduction 
of facilitator’s role, possibility to study of the low-spatial ability learners, size un-
derstanding, better memorizing, possibility to simulate the dangerous situations, 
providing STEM-education.  

5. Long time using can affect negatively due to the yes hurting, the problem of lack of 
moving freedom and it’s uncomfortable. 
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Abstract. It is demonstrated that one of the conditions for successful scientific 
and pedagogical work is exchanging of methodical materials, including with us-
ing of augmented reality. We propose to classify approaches of placing method-
ical materials on closed, open and open-moderated types. One of the important 
benefits of a closed type is the high quality of the methodical material, but it’s 
limited by amount of material and the lack of exchange opportunities that are 
problems, and there are no open-moderated resources in the Ukrainian language. 
The aim of this article is to analyze approaches of systematization of methodical 
material with using of augmented reality and recommend using of STEMUA for 
systematization of them. It is shown that STEMUA allows teachers to develop 
methodical material and place it on this platform. The platform automatically or-
ganizes methodical material in the database. Consequently, the platform is satis-
fying the methodical needs of Ukrainian teachers for material with using of com-
plementary reality in the teaching. It is recommended for teachers and methodists 
to provide development and methodical materials with using of augmented real-
ity and add them to the platform database. 

Keywords: augmented reality, systematization, methodical materials, STEM-
approach of education, steamua.science. 

1 Introduction 

The development of educational and methodical technologies leads to the problem of 
systematization of methodical information. One of the modern and relevant type of in-
formation is augmented reality’s (AR) developments [5]. Thus, that is necessary to de-
velop instrument to popularize it and manage deposited information. Necessary is jus-
tified by grooving of interest to them due its interactivity which is important to under-
standing of materials [6]. 

AR is one of the important component of STEM-approach in classes. Important for 
the providing STEM-approach is based on the research and engineering methods.  



The scientific method includes ways to study phenomena, systematization, adjust-
ments of new and previously acquired knowledge. The findings are made using the 
rules and principles of reasoning based on empirical (observed and measurable) data 
about the object. It’s possible to research the reality using the Artificial Intelligence in 
the AR which can analyze the information and give some answers about object of the 
research to the user. Other hand, the AR can visualize the details or processes which is 
important to engineering method. 

Scientific and engineering methods are the basis of any STEM-approach in educa-
tion independently of the field of cognition. Both methods have been worked out for a 
considerable time and are now recognized by the international scientific community as 
the main means for carrying out scientific and research activities [1]. 

2 Literature Review and Problem Statement 

However, today there is a problem of promoting and expanding the scope of the re-
search approach. One of the reasons is the lack of information support systems for re-
search. In other words, there is a problem with the information provision of the ways 
of conducting research work related to the school program and the methods that will be 
used to perform these works. There is a very few already worked systems based on the 
support such activities. 

In the general approaches of deposition of methodical developments can be divided 
into few types: closed, open and open with moderation. Closed type of information 
deposit involves placing materials on online resources for only a specific group of peo-
ple. At the same time, the open’s provides free placement of materials without addi-
tional control. Both approaches have their advantages and disadvantages. An analysis 
of the advantages and disadvantages of opened, opened with moderation and closed 
type of placement of methodical information is presented in Table 1. 

Table 1. An analysis of the advantages and disadvantages of opened, opened with moderation 
and closed type of placement of methodical information 

 Open Open with 
moderation 

Closed 

Examples An open group in so-
cial networks 

Website science-
buddies.org 

Most sites (“The Future”, 
closed group in social net-
works) 

Main ad-
vantage 

A lot of the materials A lot of quality 
materials 

Quality control the material 

Main disad-
vantage 

Lack of quality con-
trol of the material 

Necessity of 
moderation 

Limited amount of material 

There are a lot of the systems of the open type. However, we will not pay attention 
on them due to lack of the control of the quality. 

An example of such a system is the site http://www.sciencebuddies.org/ (Fig. 1). 
However, main flow of the system is English interface which can’t be used in the 



 

Ukrainian teaching. Website is designed for the student research work selection [6]. 
The detailed analysis of its interface and features of its operation was described in our 
previous works [1; 2; 8]. However, the site cannot provide the systematization of the 
AR materials due to the absence of separation of it. The general view of the science-
buddies.org resource is presented on the Fig. 1. 

 

Fig. 1. The general view of the sciencebuddies.org resource 

Despite the shortcomings of the closed type, it is worth pointing out that there is a 
platform “The Future” based on closed type of systems [3]. Main advantage of the sys-
tem is Ukrainian interface and Ministry of Education and Science of Ukraine recom-
mendation. However, “The Future” have limited amount of information and can’t pro-
vide the possibility to design methodical materials of whole-Ukraine’s teachers due to 
its closed type. 

There is already known the method and tool for automatic systematization of the 
dynamic scientific and educational resources of the global electronic information space 
[number of state registration of the scientific topic 0115U000324 of Ukraine], which 



involves the selection of input data of information sections and the implementation of 
structuring the set of documents for each section separately, and for them together with 
Using Data Mining, Text Mining, Web Mining, and Knowledge Discovery in Data-
bases. But it’s cannot be used to organize knowledge in the educational space due to 
interface problems based on the old-functional instruments. However, the platform’s 
disadvantages and the lack of support for the integration of the educational resources 
of the participants in the educational process. 

Lack of the possibility to exchanging methodical material is one of the limiting fac-
tors for the implementation of the AR in education. Thus, it is relevant to develop a 
platform for the placement of techniques and methods, in particular, the AR. The ad-
vantage of the first solution is its flexibility as one can choose any relevant combina-
tions of the simulation environments, yet, their integration level is usually insufficient. 
The closed character of the second solution and its binding to a certain software plat-
form make it relevant to be applied to solving various practical tasks and irrelevant for 
neural network simulation training as a network becomes a black box for a user. The 
fourth solution is partially platform-dependent as a neural network becomes a grey box 
for a user. The final solution is totally mobile and offers an opportunity to regard the 
model as a white box, thus making it the most relevant for initial mastering of neural 
network simulation methods. 

3 The Aim and Objectives of the Study 

Thus, there is the problem of storage of the methodical materials based on the AR and 
that is relevant to create that system which based on the open with moderation type of 
systems with Ukrainian interface. We propose to use the stemua.science system (fur-
ther – STEMUA) to provide informational management of the AR materials [4]. Our 
task was to invention the method of a functional for the dissemination and exchange of 
educational resources, provide a user-friendly interface for the introduction of infor-
mation and visualization of it in the web interface and to ensure the systematization of 
the information received. This approach will allow the widespread dissemination of the 
virtual educational environment and, respectively, improved indexing of information. 
The object of study was systematization of the AR materials. 

4 Development and operations of the STEMUA platform 

The task was solved by creation of a new script for the template for the wordpress’s the 
platform and for access to the editorial board of information on the wide range of edu-
cators. The participants of the creation of educational material are classified into ad-
ministrators and users. Users can add their own materials and adjust them, and admin-
istrators of the information environment control the quality STEMUA content. Such an 
approach allows us to engage the general public in creating of educational materials. 

STEMUA is the educational platform designed to provide methodical support of any 
activities based on the STEM-approach of education. The platform based on the 
TODOS instruments [9; 10]. Main page of STEMUA is present on the Fig. 2. 



 

 

Fig. 2. Main page of STEMUA 

The site was designed to use it as a multi-agent in the ontology.inhost.com.ua system. 
The feature of the site is the writing of information in the form intended for reading 
ontology.inhost.com.ua system. 

The site consists of 3 main parts: 

1. Methodical cabinet; 
2. Research work; 
3. Methodology; 



Methodical cabinet contains the theoretical foundations of STEM-education. The arti-
cles presented in this section are prepared by specialists in the field of STEM-education, 
in particular, employees of the NAES of Ukraine (e.g., Institute of Gifted Child). 

The structure of STEMUA is consist of includes the following components: 

1. Classifier of scientific instruments of technology TODOS; 
2. Methodical part; 
3. Catalog of research methods; 
4. Catalog of techniques; 
5. A tool for creating new teaching materials. 

Classifier of scientific instruments based on the TODOS technology is devoted to 
searching and separation of the science equipment and methodical materials. Classifier 
of scientific instruments of technology TODOS is present in Fig. 3. 

 

Fig. 3. Classifier of scientific instruments of technology TODOS 

Methodical part is designed for information acquaintance with methodical aspects of 
STEM-approach in education, main concepts of education material creation using the 
platform and modern educational trends. The Fig. 4 is present general form of the me-
thodical part. 

The directory of research papers is a dynamically generated list of materials pub-
lished on the site. Each user can add here his own research methods to share it with 
society. The general form of catalog of research papers is shown in the Fig. 5. 

There is the mechanism of work’s separation designed on the site. Both, research 
methods and techniques, are contain separation parameters of the educational develop-
ments. To input this parameters, there is developed the special input fields and they are: 



 

─ The author’s photo and name; 
─ Title of the material; 
─ Resume material; 
─ A group of tags that represent the characteristics of the material; 
─ Material itself. 

 

Fig. 4. General form of the methodical part 

However, there will be located AR filter to faster separation the AR’s developments. 
The catalog of techniques, also, is a dynamic list of materials with mechanisms for 
filtration of objects (Fig. 6). 

The new material creation is provided by function “Add research work” and “Add 
technique” located on the user’s panel. There is necessary to be registered using the 
Facebook, Google+ or user can create new profile to use these functions. The user’s 
panel will be displayed after successful registration (Fig. 7). 



 

Fig. 5. The general form of catalog of research papers 

Consider the algorithm of creating content on an example of creating a research work. 
The constructor of research work of technique is opens by picking the relative function 
on the site (Fig. 8). 

The constructor contains 6 input fields and 5 fields for selecting the characteristics 
of the material. 

The material input fields are designed simplest way to duplicate well-known Mi-
crosoft Word text editor tools. This approach is provide simple formatting of the text 
and even in the case of text copying from MS Word document it will be automatic 
formatted. 



 

 

Fig. 6. View the catalog of techniques 

 

Fig. 7. View the user’s panel  

 

Fig. 8. The work’s creating panel 



Firstly, the author of the material should to input main text of the work which consist 
of following parts: 

─ Resume; 
─ Preliminary information; 
─ Equipment; 
─ Experimental procedure; 
─ Analysis of the data; 
─ Areas of development (not required field). 

There is necessary to input classificatory information based on the following parame-
ters: 

─ Direction; 
─ Complexity; 
─ Safety; 
─ Availability of used materials; 
─ Work’s duration. 

Additionally, it may be possible to add the parameter "method with the use of AR, 
which will allow to sort and select methodical augmented reality materials. 

One of the visualized type of the systematization type is ontology integrated to the 
STEMUA platform. The Ukrainian platform for ontology, developed at National Cen-
ter “Junior Academy of Sciences of Ukraine”, is able to perform the necessary functions 
and possesses a ranking tool (Fig. 9). 

 

Fig. 9. Ranging platform for research work 



 

Created the template for the WordPress site construction platform and the provision of 
access to editing and creating information for a wide range of participants in the edu-
cational process allows us to provide an easy-to-use interface for information entry and 
visualization in the web interface and to ensure the systematization of the information 
received. 

Thus, the STEMUA platform allows teachers to develop methodical material and 
deposit it to the platform. Methodical materials are automatically systematized in the 
database of the platform, and the materials are foreseen mainly in Ukrainian, which 
meets the requirements of the Ministry of Education and Science. Consequently, the 
platform is able to meet the teachers’ methodical needs regarding the use of AR in the 
classes. 

5 Conclusions 

The level of using of the AR-based methods is depends on the possibility to deposit and 
separate the information. There is no any instrument to separate and manage the edu-
cational AR-oriented content. We propose to use the STEMUA system to provide in-
formational management of the AR-based materials. The task of separate and manage 
the educational AR-oriented content was solved by creation of a new script for the tem-
plate for the WordPress platform and for access to the editorial board of information on 
the wide range of educators. The participants of the creation of educational material are 
classified into administrators and users. Users can add their own materials and adjust 
them, and administrators of the information environment control the quality STEMUA 
content. Such an approach allows us to engage the general public in creating of educa-
tional materials. The proposed method provide easy separation of AR-material from the 
whole array and gives the possibility to input that information to the educational envi-
ronment. 
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Abstract. The purpose of the study is to highlight the potential and the prospects 
of using the augmented reality in the mathematical education for foreign students 
at the preparatory departments of universities. Objectives of the study: to deter-
mine the peculiarities of the virtualization of the training of foreign students at 
the preparatory departments of universities, as well as the possibilities of using 
the technology of complementary reality in the teaching of mathematics. Object 
of research: a virtually oriented educational environment of foreign students at 
the preparatory departments of universities. Subject of research: virtualization of 
learning with the augmented reality of mathematical education of foreign stu-
dents at the preparatory departments of universities. Used research methods: the-
oretical – analysis of scientific and methodological literature; empirical-study, 
observation of the educational process. Results of the research: on the basis of 
the analysis of scientific publications, the notion of virtualization of education 
and the virtually oriented educational environment of foreign students at the pre-
paratory departments of higher educational institutions is described. The main 
conclusions and recommendations: 1) the article outlines the possibilities and 
prospects of using the augmented reality in the mathematical education for for-
eign students at the preparatory departments of universities; 2) the considering 
the various targets of mobile applications, which are used in solving mathemati-
cal problems, as well as analysis of the characteristics of various practical 
achievements of using the augmented reality in the mathematical preparation for 
foreign students at the preparatory departments of universities, it is planned to 
devote a separate work. 

Keywords: foreign students, augmented reality, a virtually oriented learning 
environment, mathematics training. 



1 Problem statement 

The training of foreign students at the preparatory departments of national universities 
is preceded by a diligent, purposeful work of both students and future teachers, aimed 
at successful adaptation of students to the new environment of the country’s future ed-
ucation [11]. Studying abroad is like turning over a new leaf in an unknown world. 
However, conditions of entry vary significantly between individual countries and uni-
versities. It is entirely natural that a young person who is planning to graduate in another 
country will try to learn as much as possible about the conditions of residence and ed-
ucation in that country. The following forms and methods are used in preparing for 
study visit: 

─ communication with those who have been in the country for some time or with a 
tourist trip, or have been trained before; 

─ viewing of printed sources, cinema, video materials, which give an idea of the coun-
try of the future education; 

─ remote communication through forums and social networks with residents of this 
country and selected institution of future education; 

─ acquaintance with the Internet-representations of a higher education institution in 
which the person is planning to study; 

─ initial mastery of the language and backgrounds of the culture of the country of fu-
ture education. 

Studying at the preparatory departments for foreign students of the national universi-
ties, especially at the initial stage, have a number of characteristics, among which: 

─ immersion in a neutral or unfriendly language and social environment;  
─ fundamental differences in the organization of the learning process in their native 

country and Ukraine; 
─ problems when transferring previous experience of educational activity into a new 

educational environment; 
─ significant differences in the partial teaching methods. 

2 Discussion and results 

All of this influences on quality of teaching foreign students at the preparatory depart-
ments of national universities and needs to find ways to increase the level of preliminary 
students’ preparedness to study in a new environment. The use of modern information 
technology opens up new opportunities for raising this level. To the means aimed at 
increasing the level of preliminary preparedness of foreign students to study, which 
should provide a higher education institution can be attributed: 

─ two (many) language of the Internet representation (site) of the university; 



 

─ the saturation of short and medium length of the video, such as “virtual tour” (level – 
institution of higher education, teacher, audience, dean’s office) in the languages of 
potential entrants (in Ukrainian with customized subtitles); 

─ distance support organization of future applicants in the study of the basics of the 
Ukrainian language with the students-volunteer of the Faculty of Foreign Languages, 
International Department et al.; 

─ availability of bilingual courses in educational discipline (mathematics, physics, 
etc.) on the site of the university (e.g., Moodle);  

─ development of simulators (linguistic, social-behavioral, educational). 

Consequently, there is a need to supplement the educational environment of the insti-
tution of higher education with the means of information and communication technol-
ogies that extend it to a virtually oriented environment. Virtual excursions and virtual 
learning environment, multilingual reproduction of multimedia materials can be at-
tributed to the means that it is expedient to use at the stage of preparation for coming 
to the country of future education of foreign students. These tools provide an oppor-
tunity to build a more adequate model of higher education in the country’s future stu-
dent education, which will help reduce the initial disadaptation level. The technology 
of the translation of oral speech (audio), or the reproduction of translated text; audio 
guides by geographical coordinates, or certain marks (orientation in the city, institution 
of higher education, treatment of notation, etc.) are means that will facilitate oral com-
munication. Tools that help bridge the differences in the organization of the learning 
process – is the development and use of bilingual textbooks for establishing the rela-
tionship between the content of the concept and its interpretation in different languages; 
situational means of visibility used in a particular context (place, time, subject of class, 
etc.); dynamic computer models complementing traditional teaching materials. 

For hundreds of years, young people have come abroad to learn new things and find 
direction in life. But now, with the help of technology, the way knowledge passes from 
teachers to their students is changing. Virtual environments are computer-simulated 
environments representing real or imaginary worlds. It is important to understand how 
valuable knowledge can be acquired within virtual environments, and how it can be 
transferred to real-world situations. We describe the possibility of using augmented re-
ality in mathematics training of foreign students. It should be noted that information 
technologies enable the development of innovative tools for teaching mathematics both 
in the audience and beyond [9]. In recent years, we have seen a significant increase in 
the use of mobile devices as tools in education [2; 7]. It is better to analyze the applica-
tion of these modern gadgets in reference to the usual pedagogical terms: educational 
process, learning content, forms and technologies. 

The process of training is a purposeful, consistently organized interaction between 
the teacher and students, mediated by the content of activities, during which the tasks 
of education, education and general development of students are solved. If to improve 
the content of the educational material the most important tasks is its systematization, 
updating and problematization, for the development of forms – activation of training, 
for the method – individualization and automation, then for the improvement of peda-
gogical means the most important today is recognized visualization. 



Based on the research by Iryna V. Salnyk, we will define a virtually oriented learning 
environment as an environment in which information and communication technologies 
are combined with traditional teaching technologies, complementing and expanding 
them [6]. Virtual environment tools (the most popular is Moodle [5]) are implemented 
parallel with traditional lectures and workshops. According to the work of Valerii Yu. 
Bykov into the structure of a virtually-oriented learning environment included: subjects 
of training, content of training, means of training and communication tools [1]. The 
virtuality of a virtually-oriented learning environment is achieved with: 

1. the possibility of realization of educational activity of subjects of studying by lectur-
ers and non-auditors, directly and indirectly by means of training; 

2. the ability to present the content of learning in different modalities, using channels 
of educational communication; 

3. the use of teaching aids aimed at the implementation of the content of training and 
support of widespread educational communication; 

4. the use of communication tools aimed at supplementing non-auditing educational 
activities to the level of the auditorium. 

The ways of supplementing the traditional learning environment with ICT tools are:  

1. inclusion in the educational process of fragments of activities that require ICT tools 
(work with computer models, computer learning environments, communication fa-
cilities, etc.); 

2. involvement in the classroom process of persons who cannot be present in the audi-
ence personally (persons with special needs, teachers with a low level of geograph-
ical mobility, etc.); 

3. the use of ICT tools, complementary to traditional teaching tools (means of comple-
mented reality). 

If in the complement of the traditional learning environment the first direction is the 
leading means of ICT, then this environment is called a computer-based learning envi-
ronment (according to Myroslav I. Zhaldak [10]), if the second one is a mobile-oriented 
learning environment (according to Mariia A. Kyslova) [3], if the third one is a virtually 
oriented educational the medium of complemented reality. 

Effective functioning of the virtual environment at the preparatory department for 
foreign citizens of universities is provided through the activities of the teacher and stu-
dents who create mutual relationships with each other and with other elements, coexist 
with the traditional learning environment, expands its capabilities and creates condi-
tions for the implementation of new technologies, forms and methods of teaching math-
ematics. 

The technology of augmented reality is becoming increasingly popular every day 
and is increasingly used in various fields. The term Augmented reality was coined as 
an expression in 1990 by Thomas Caudell [4] at Boeing, but the idea goes back much 
further than that. Today, technologies of the augmented reality allow through the cam-
era of a mobile device to read from the surrounding objects additional information – to 
watch videos, three-dimensional objects, etc. Increasing processes of the creation and 



 

implementation of new technologies stimulate constant change of the education system. 
Now it is not necessary to carry books with you, it is enough to download special pro-
grams in the smartphone and it can be readily available in an easy and accessible form. 
In order to successfully use the technologies of the augmented reality technology, it is 
necessary to prepare foreign students alike – to accustom them to the use of the service, 
to capture the interesting possibilities. By combining books or print documents using 
augmented reality technology, teachers can give foreign students access to digital con-
tent and deepen their learning in 3D space. In addition, teachers can teach foreign stu-
dents individually and train distantly. 

The peculiarity of teaching foreign citizens at the preparatory department for univer-
sities is that, in a rather short period of time, students must learn not only a sufficient 
amount of theoretical knowledge and practical skills in mathematics [8], but also create 
their own lexical base in a non-native language of instruction. Therefore, it is advisable 
to use both English and non-English mobile applications in order for foreign students 
to have a mathematical apparatus in the language of training. For example, use the 
Math 42 application. This is an indispensable mathematical program, both for the stu-
dent. In real time, this application not only solves the equation that is introduced into 
it, but also distributes the progress of the decision, clearly explaining the solution to the 
example. In addition, Math 42 offers several solutions at once, helping to choose the 
most optimal and understandable option for the student. Also, the program has a train-
ing section, where the student can learn the material that has been studied before. 

The Math 42 application can help you cope with the following mathematical opera-
tions: simplification; multiplication, reduction and addition (including fractions); divi-
sion of polynomials; solving linear and square equations etc. The graphics of the pro-
gram are quite nice, and a simple interface makes the program easy to use. 

3 Conclusion 

By using students’ and teachers’ feedback, and the comparison with a traditional class, 
we hope using augmented reality will help foreign students to solve their problems in 
mathematical preparation. During the educational process along with the mastery of 
systemic basic knowledge and key competencies form the need for mastering mathe-
matical vocabulary as a means of communication, knowledge, self-realization and di-
dactic adaptation of foreign students. Finally, the prospects of using augmented reality 
technologies for communicative-oriented learning of foreign students are in its multi-
purpose and multifunctional orientation, as well as its integration into a holistic educa-
tional process.  

References 

1.  Bykov, V., Shyshkina, M.: Emerging technologies for personnel training for IT industry in 
Ukraine. In: Proceedings of ICL2014 – 2014 International Conference on Interactive Col-
laborative Learning, Dubai, 03-06 December 2014, pp. 945–949. IEEE, Red Hook (2014). 
doi:10.1109/ICL.2014.7017903 



2.  Horshkova, H.A., Vikhrova, O.V.: Zastosuvannia resursu «Plickers» dlia otrymannia 
zvorotnoho zviazku na lektsiiakh z vyshchoi matematyky (Application of the resource 
"Plickers" for feedback on lectures on higher mathematics). New computer technology. 14, 
110–111 (2016) 

3.  Kyslova, M.A., Semerikov, S.O., Slovak, K.I.: Rozvytok mobilnoho navchalnoho 
seredovyshcha yak problema teorii i metodyky vykorystannia informatsiino-komunikatsi-
inykh tekhnolohii v osviti (Development of mobile learning environment as a problem of 
the theory and methods of use of information and communication technologies in educa-
tion). Information Technologies and Learning Tools. 42(4), 1–19 (2014) 

4.  Modlo, E.O., Echkalo, Yu.V., Semerikov, S.O., Tkachuk, V.V.: Vykorystannia tekhnolohii 
dopovnenoi realnosti u mobilno oriientovanomu seredovyshchi navchannia VNZ (Using 
technology of augmented reality in a mobile-based learning environment of the higher ed-
ucational institution). Naukovi zapysky, Seriia: Problemy metodyky fizyko-matematychnoi 
i tekhnolohichnoi osvity. 11(1), 93–100 (2017) 

5.  Nechypurenko, P.P., Semerikov, S.O.: VlabEmbed – the New Plugin Moodle for the Chem-
istry Education. In: Ermolayev, V., Bassiliades, N., Fill, H.-G., Yakovyna, V., Mayr, H.C., 
Kharchenko, V., Peschanenko, V., Shyshkina, M., Nikitchenko, M., Spivakovsky, A. (eds.) 
ICT in Education, Research and Industrial Applications. Integration, Harmonization and 
Knowledge Transfer 2017, 13th International Conference on ICT in Education, Research 
and Industrial Applications. Integration, Harmonization and Knowledge Transfer (ICTERI, 
2017), Kyiv, Ukraine, 15-18 May 2017. CEUR Workshop Proceedings (CEUR-WS.org), 
vol. 1844, pp. 319–326 (2017) 

6.  Salnyk, I.V.: Psykholoho-pedahohichni osnovy virtualizatsii protsesu navchannia fizyky v 
starshii shkoli (Psychological and pedagogical bases of the virtualization teaching physics 
in senior school). Pedagogical process: theory and practice. 1, 92–99 (2014) 

7.  Semerikov, S.O., Striuk, M.I., Moiseienko, N.V.: Mobilne navchannia: istoryko-tekhnolo-
hichnyi vymir (Mobile learning: historical and technological dimension). In: Konoval, O.A. 
(ed.) Teoriia i praktyka orhanizatsii samostiinoi roboty studentiv vyshchykh navchalnykh 
zakladiv (Theory and practice of organization of independent work of students of higher 
educational institutions), pp. 188–242. Knyzhkove vydavnytstvo Kyreievskoho, Kryvyi 
Rih (2012) 

8.  Vihrova, O., Zinonos, N.: Otsiniuvannia adaptyvnykh staniv studentiv-inozemtsiv na 
pochatku vyvchennia pryrodnycho-matematychnykh dystsyplin (The evaluation of foreign 
students’ adaptation at the beginning of learning science and mathematics). Visnyk Cher-
kaskoho universytetu: Pedahohichni nauky. 7, 51–56 (2016) 

9.  Vikhrova, O.V., Zynonos, N.O.: Metodychni osoblyvosti navchannia matematyky in-
shomovnykh studentiv na pidhotovchykh fakultetakh vitchyznianykh vuziv (Methodical 
specifics of teaching mathematics to foreign students at the preparation departments of 
Ukrainian universities). Aktualni pytannia pryrodnycho-matematychnoi osvity. 1, 5–8 
(2013) 

10.  Zhaldak, M.I.: Pedahohichnyi potentsial kompiuterno-oriientovanykh system navchannia 
matematyky (Pedagogical potential of computer-oriented systems of teaching mathemat-
ics). Kompiuterno-oriientovani systemy navchannia. 7, 3–16 (2003) 

11.  Zinonos, N.O.: Vykorystannia modeli adaptatsii studentiv dlia navchannia inozemnykh stu-
dentiv u VNZ Ukrainy (Using of the students’ adaptation model for teaching foreign stu-
dents). New computer technology. 15, 42–46 (2017) 

 



Conceptual Bases of Use of Free Software 

in the Professional Training of Pre-Service Teacher 

of Mathematics, Physics and Computer Science 

Vladyslav Ye. Velychko1[0000-0001-9752-0907], Elena H. Fedorenko1[0000-0002-1897-874X] 
and Darja A. Kassim2 

1 Donbas State Pedagogical University, 19, General Batiouk St., Sloviansk, 84116, Ukraine 
{vladislav.velichko, fedorenko.elena1209}@gmail.com 

2 Kryvyi Rih Metallurgical Institute of the National Metallurgical Academy of Ukraine, 
5, Stephana Tilhy St., Kryvyi Rih, 50006, Ukraine 

Abstract. The development of education is associated primarily with the use of 
ICT. A significant experience is already gained in how to use educational 
computer systems while new forms and methods of learning based on modern 
information technology are being developed and used. In relation to free 
software, a period when the quantity should translate into quality and an indicator 
of such translation is development of the concept of the introduction of free 
software in educational activities of universities. The proposed concept, let’s take 
Ukraine as an example, determines the main aim of introduction of free software 
in the training of pre-service of Mathematics, Physics and Computer Science; 
defines the objectives, measures, principles, the role and value of free software 
in the informatization process and results of its implementation. 
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1 Introduction 

At all stages of development and functioning of the education process its formation was 
carried out using certain methods, techniques and tools. The peculiarity of the current 
stage of development of education is that in the arsenal of techniques and tools used in 
the preparation of pre-service specialists are both traditional (printed) and digital 
(electronic) materials. Ensuring open around the clock, access of students to electronic 
education today is one of the priorities of information science, education and culture of 
Ukraine. In this regard, the role and functions of teachers are significantly changing. It 
should be noted that a special role in this process is played by information and 
communication technologies as part of information-educational environment and 
include digital libraries, electronic educational resources, search engines and 
aggregation of information, which are based on the use of free software. 



2 Results and Discussion 

The content of the educational process in higher educational pedagogical institutions is 
determined by effective programs used to train pre-service specialists in that particular 
university. The content of the educational training of a university is being approved by 
the Council of the pedagogical university, while the choice of content, methods, means 
and methods of work is determined by the individual departments and teachers with 
consideration of specifics of each educational direction. Software products which are 
used and guidelines developed by university teachers taking into account specifics of 
preparation of pre-service teachers create the basic component of fundamental training. 
In the modern paradigm of education it is necessary to develop educational standards 
which provide content of training upgrade as well as education of the younger 
generation on the principles of humanization, differentiation and integration. 

The main objective of introducing of free software in the training of pre-service 
teacher of Mathematics, Physics and Computer Science lays in the formation of a new 
citizen of the information society, who feels comfortable in society, freely operates with 
information through new information technologies, respect the opinion of others and 
has his own opinion and knows how to deliver it, is capable of self-education, self-
analysis and has a motivation to obtain new knowledge and to self-improvement, while 
also understands the importance and inevitability of information education and society 
at large, giving preference to the latest information and educational technologies. In 
this case it refers to the use of free software for the transition to a new type of training 
of pre-service of Mathematics, Physics and Computer Science, which includes: 

─ creating optimal conditions for the acquirement of general and professional 
knowledge and skills and updating intellectual potential of pre-service teachers of 
Mathematics, Physics and Computer Science; 

─ promoting comprehensive and harmonious development of pre-service teacher of 
Mathematics, Physics and Computer Science as subjects of education process and 
information society; 

─ creating suitable conditions for the emotional and intellectual enrichment of pre-
service teacher of Mathematics, Physics and Computer Science as the basis of 
development and strengthening of political, social, economic, humanitarian, cultural 
and informational aspects of public life in the interest of the welfare of citizens, 
economic efficiency and country’s growth. 

Strategy aims related to the use of free software in preparation of pre-service teacher of 
Mathematics, Physics and Computer Science need to be determined in accordance with 
the benefits that its implementation provides to the educational process, which, in our 
opinion, are: 

─ free access to software and its source code; 
─ safety, reliability and stability of the software; 
─ overcoming of the digital divide; 
─ open standards independent from the developer; 
─ compliance with intellectual property rights, fight against piracy; 



 

─ ability to fully adapt to suit individual needs; 
─ unlimited number of simultaneous installations on multiple computers in educational 

institutions and at home; 
─ the possibility of obtaining derivative software based on the original software 

platform and possibility to use it for private projects; 
─ possibility of software localization. 

To achieve these objectives it is necessary to provide the following basic measures: 

─ analysis of didactic capabilities of free software through the procedure of 
examination and creating repositories of the recommended software provider; 

─ creating methodological, psychological and technological support for the use of free 
software in the preparation of pre-service teacher of Mathematics, Physics and 
Computer Science; 

─ analysis of readiness of subjects of the educational process for the use of free 
software; 

─ changing priorities as to the use of ICT in professional fields from studying certain 
software to studying technologies used to process information which in turn results 
in fundamentalization of the training of pre-service teacher of Mathematics, Physics 
and Computer Science (see [6]). 

Introduction of free software in the process of professional training of pre-service of 
Mathematics, Physics and Informatics is not an aim in itself – it is first of all a way of 
enhancing performance based on changing priorities of study and use of ICT in 
education [4]. Currently, there is no single approach to the introduction of free software 
in the educational process; however, a considerable attention should be paid to 
implementing the following key principles: 

Reform of educational processes. The main prerequisite for the successful 
implementation of free software is the understanding that it does not just mean analysis 
of the possibility of its use and the creation of guidelines to this process. First of all, it 
is about creating a new vision and new priorities in the use of ICT. The widespread of 
self-education must be supported and encouraged by modern information technologies. 
To use them it is necessary to have free access to the software, which access in turn is 
possible through the use of free software. Thus, on the one hand free software is an 
effective platform for modern paradigm of education, on the other - an example of open 
science, which is the basis for on open learning. 

Motivation. The introduction of free software requires motivation to change the 
principles of the study and use of ICT in education. To include the free software in the 
list of software which is used in the preparation of pre-service teacher of Mathematics, 
Physics and Computer Science both internal and external motivations are required, 
which are based on the need for proper training of future professionals in information 
technology and internal vision of modern state of the information technology industry. 
Motivation will provide the initiatives to introduce free software, adapting them to 
today's challenges of education in preparing pre-service teacher of Mathematics, 
Physics and Computer Science. 



Strategic Initiatives. Taking into account the realities of austerity and financial 
resources as well as current needs of training of pre-service teachers of Mathematics, 
Physics and Computer Science, it is necessary to highlight the main priority funding 
projects which would be based on “protected” principle. Such projects should be 
characterized by a clear educational value, measured according to specific criteria. 

Cooperation. It is necessary to introduce new forms of relationships between subjects 
of education process as well as cooperation within community of developers and users 
of free software. Firstly, university teachers must overcome the unwillingness of joint 
work with pre-service teacher of Mathematics, Physics and Computer Science towards 
the creation and use of electronic educational resources based on open standards and 
free software. On the other hand, cooperation in the use and development of free 
software can help the subjects of the educational process to successfully reform and 
speed up the implementation of free software. 

The principle of open systems. Creation of information and educational environment 
which includes software and hardware, communication mechanisms, interfaces, data 
formats and protocols which are based on available and generally recognized standards 
ensuring cross-platform, collaboration and scale of applications and data. The software 
should be highly accessible to scientists as to educators. Information resources if 
possible should be maximally open and free to use. 

The rule of law, legality, equality of all before the law. The rule of law is basically 
the position according to which people do not obey one another, but everyone obeys 
the rules which define among other things the form of direct relations with each other 
– through statuses or contracts. This rule of law applies to the degree of freedom of the 
free software called “copyleft” and to license agreements used in distribution of free 
software. 

The freedom of intellectual and creative activity. Creativity is inherent to man in any 
field be it production, social communication, scientific activities and more. While 
performing its activities, society increasingly relies on achievement of intellectual 
work. In countries with high respect for science, culture and art - living standards are 
higher because achievements of intellectual activity dictate standard of production, 
culture and education, etc. Today, society must realize that the state should be interested 
in the development of science and education and, therefore, should support them. Such 
support may include direct government funding, certain tax benefits system to stimulate 
investment in research and development and so on. A striking example of innovative 
mental activity is the development and creation of software. In cases where the results 
of this activity are items of general use, has signs of openness and aimed at increasing 
and improving the heritage of humanity - then such smart, creative activity corresponds 
to human needs and can be used in education. 

Social responsibility. The social phenomenon is a voluntary and conscious 
performance, use and compliance by subjects of social relations, regulations, social 
norms in regards to general doctrine of education development and to the 
implementation of specific measures of its implementation, including information 
education. The process of using free software must meet both legal and social norms, 
which is of particular importance to the educational process, particularly in education 
subsystem. Commitment to results of scientific, practical, creative and intellectual 



 

activity should be a significant factor in humanization of education and upbringing of 
socially responsible society members. 

The main features of modern information society are: introduction of information to 
different spheres of life; concentration in the field of information and intellectual 
services of more than 40-50% of the population; development of general theory of 
information society; exponential growth of knowledge and accumulation of 
information; combining computer systems into a single information environment 
through means of communication; creating information in a digital code; extremely 
high development of production of technology and telecommunication technologies 
and means of communication requires a radical change in the field of education through 
information and adequate response to the demands of the information society. 

According to the current Law of Ukraine on the National Informatization Program 
on 04.02.1998, in the current edition of 25.12.2015 was noted that informatization 
means a series of interrelated organizational, legal, political, socio-economic, 
scientific-technical, manufacturing processes aimed at creating conditions aiming to 
meet the information needs of citizens and society through the creation, development 
and use of information systems, networks, resources and information technology that 
are based on the use of modern computer and communications technology [7]. 

Computerization is driven by industry trends, including the informatization of 
education, by definition of Valerii Yu. Bykov, is a set of interrelated organizational, 
legal, socio-economic, scientific-methodological, scientific, technical, manufacturing 
and administrative processes aimed at meeting information, computing and 
telecommunication needs of subjects of the educational process. Informatization of 
education is associated with a wide introduction of methods and means of ICT in 
educational system, the creation on this basis of computer-based information and 
communication environment, filling this environment with electronic research, 
education and management of information resources enabling entities to carry out the 
educational process, provide access to environmental resources, to use its tools and 
services for solving various problems [1]. 

Let’s define the role and place of free software in the informatization of education. 
The use of free software in preparation at the present level of informatization of 
educational activity plays a special role in preparation of pre-service teacher of 
Mathematics, Physics and Computer Science in the formation of a certain level of 
informative culture and intellectual development as well as in the formation of a 
scientific outlook, understanding the essence of practical orientation of informatics 
disciplines. The level of this training should equip pre-service teacher and make them 
to be able to create and implement new technologies theoretical framework of which 
might yet not be developed while they are still in their training. 

One of the steps of informatization of educational process, improving the quality of 
training of pre-service teachers of Mathematics, Physics and Computer Science, 
enhancing teaching and learning and scientific and research activities, the disclosure of 
creative potential, the increasing role of self-education, according to Myroslav I. 
Zhaldak, is the creation and widespread adoption into teaching practice of computer-
oriented methodology of teaching based on the principles of progressive and not 
destructive embedding of ICT in active didactic systems, a harmonious combination of 



traditional and computer-oriented learning technologies, involving past achievements 
of pedagogical science of the past, improving and enhancing their achievements 
through the use of the achievements in development of computer technology and 
communications [8]. 

When looking at the methodological training system of Anatolii M. Pyshkalo using 
a systematic approach to the understanding of teaching methods, where all components 
of the educational process form a single system with defined internal connections, who 
defined methodical system of education as a set of five hierarchically related 
components: learning objectives, contents, methods, tools and organizational learning, 
which form a single integrated functional structure focused on achieving the learning 
objectives [8]. The described methodical system is a condition for sustainable 
development, stability and control of the educational process, which is impossible for 
teaching disciplines of informatics cycle and in view of the role and place of self-
education in the educational process [3]. Similar arguments are used by Nataliia V. 
Morze an example of secondary school and Informatics as a school subject [2]. 
Considering the combination of methods, tools and organizational forms of traditional 
methodical teaching system all if which answer the question “how to teach?”, scientists 
believe that this is the formation of a unified system of subsystems, called technology 
of education. Based on this structure of subsystem, they determine target, contents and 
technological components of methodical system of training [6]. 

Society shapes the social demand to preparation of pre-service teacher and defines 
objectives of any educational discipline. Thus, the modern information society is 
characterized by high development and use of information technology and advanced 
technologies which guarantee the production of information resources and access to 
these, processes of automatization of all sectors of production and management. While 
formulating the learning objectives of any disciplines, particularly fundamental, 
characteristics and requirements of the information society must be taken into account. 
Learning objectives, according to Yurii V. Tryus, is the initial condition for the creation 
of methodical system as the most specific and well-defined element of the system [6], 
that is, any modification of methodical system should, according to Morze, relate to the 
learning objectives [2] which describes the basic principle of improvement of 
methodical system – commitment. 

The realization of principle of focus and aim is only possible through identification 
and development of specific components of methodical system, and vice versa – 
development of content will determine the focus and aim of methodical system. 
Methodical system that uses free software as a means of teaching must take into account 
the basic principles and main trends of higher education and become basis to overcome 
the shortcomings of higher education and promote ways to overcome them, meet the 
new educational paradigm in terms of using ICTs to intensify the learning process. 
Methodical system of using free software should be based on a modular principle of 
development of curriculum subjects, to apply innovative educational technology of 
teaching, to widely use telecommunications and networking technologies, enable self-
education and scientific and research activities, to use new methods and technology of 
teaching , to apply effective organizational and pedagogical forms of teaching. The 
result of the development of methodical system must be methodical complex suitable 



 

for use in any form of education as well as to be a component of the information and 
educational environment of an institution of higher education. 

The main aims of the use of free software in the preparation of pre-service teacher of 
Mathematics, Physics and Computer Science are to demonstrate the essence of the 
scientific approach to the study of information processes and phenomena, the role of 
information technology in the development of scientific research and technological 
progress; to teach pre-service teachers techniques of how to use information technology 
in professional activities, methods of selection and analysis capabilities of the software; 
develop in students the ability to harmoniously use of ICT in education, to form skills 
of independent information processing and selecting appropriate technologies and 
tools. 

The use of free software in the preparation of pre-service teacher of Mathematics, 
Physics and Computer Science should ensure formation of individuality of pre-service 
teachers, develop their intellectual abilities, analytical and synthetic thinking, 
information culture, mastering information technologies necessary for professional 
basic training and professional work, mastering techniques of information technology 
based on free software necessary to analyze social, economic, technical, manufacturing 
and information systems, search for optimal solutions to improve the efficiency of the 
systems, ability to choose the best ways to implement these solutions, processing and 
analysis of experimental results. 

The results of the introduction of free software in the process of professional training 
of pre-service teacher of Mathematics, Physics and Computer Science, in our view are: 

─ development of information culture of a person, computer literacy (due to a change 
in priorities from studying of certain software to studying information technologies 
and their implementation); 

─ development of content, methods and means of education to international standards 
(due to lack of legal and financial restrictions on access to sophisticated 
achievements in information technology field); 

─ reducing the term and improving the quality of education at all levels of training of 
personnel (through enabling the use of information technologies anywhere and at a 
convenient time); 

─ integration of academic, research and production activities (through access to the 
source code of software and means to change it according to individual needs) ; 

─ improving the management of education activities (through the use of open standards 
for interoperability); 

─ opportunity to intensify the training of pre-service teachers of Mathematics, Physics 
and Computer Science (through fundamentalization of professional training). 

An important factor of the concept of implementation of free software in the 
professional training of pre-service teacher of Mathematics, Physics and Computer 
Science is compliance with international and national standards. In view of this, special 
attention should be paid to standards of electronic documents that must conform to the 
principles of openness and accessibility. These standards include international 
standards for open file formats, such as OASIS Open Document Format ODF 1.0 (ISO 
/ IEC 26300) and Office Open XML (ISO / IEC 29500). Unfortunately, the national 



standard GOST in this field does not exist, though, in our opinion, the existence of a 
national standard is needed to provide a framework of using open file formats. 

The next step of standardization for Ukraine should be the definition of free software. 
This kind of standard was adopted in the Russian Federation (GOST R 54593-2011), 
which contains general provisions for free software and is based on international 
standard classification software (ISO / IEC TR 12182-2004) and processes lifecycle 
software (ISO / IEC 12207: 2016). Classification meets the standard of the types of 
programs and policy documents (GOST 19.101-77 operates in Ukraine) and the general 
requirements for policy documents (GOST 19.105-78 operates in Ukraine). 

While defining goals, objectives, classification and criteria for free software, we 
determined that free software is created and used in order to create such market, where 
any service (copy, reproduction, modification, error correction, increasing the 
functionality, etc.) may be sold and bought in a competitive market by free-will 
contracting of both sides (supplier and buyer services) without appeal to a third party. 
This definition states the terms which define license purity of free software 
corresponding to known degrees of freedom. Based on the analysis in our study as to 
the specific tasks of free software use in Ukraine we include: 

─ providing import proprietary of components of information systems , reduction of 
dependence from monopolies, i.e. freedom of action on Ukrainian information 
space; 

─ stimulate the development of national (domestic) industry of development of 
software for computer systems; 

─ expanding opportunities for participation in development works and services for 
state and municipal needs and the needs of the private business sector by providing 
additional investment in domestic producer; 

─ ensuring a high level of technological independence; 
─ reducing number of violations related to the legal protection of software for 

computer systems. 

Drawing from these tasks, we believe that infrastructure of development and use of free 
software should include: 

─ isolated environment of software packages (means of obtaining the source code of 
software binary files are directly loaded onto computer systems) and other means of 
collective development; 

─ single repository of software for computer systems and source code for various 
hardware and software platforms including ready distributions of basic software 
application and standard software solutions; 

─ control system of software for computer systems, providing records and the right to 
use and reuse of software and their components; 

─ infrastructure support for users and developers; 
─ infrastructure implementation (application) of open standards and specifications, 

including automation assess of compliance with standards (specifications). 



 

Expected outcomes of introduction of free software are, above all, in the transformation 
of educational technology, due to: 

─ transition from delivering already formed knowledge and its memorization to 
independent information search and constructing their own knowledge; 

─ joint training activities of pre-service teacher in different educational situations and 
simulating future professional situations; 

─ providing educational material in a nonlinear format; 
─ opportunity to study independently according to individual path and in his optimum 

pace; 
─ modeling of world processes and events during educational activities ; 
─ revitalization of intellectual and emotional processes of perception, understanding, 

comprehension and interpretation of educational material through the integration of 
verbal, graphic and audiovisual information; 

─ satisfactory qualification of teachers and pre-service teachers in the field of 
information and communication technology (equal to the level of International / 
European Computer Driving License); 

─ satisfactory qualification of graduated in the field of information and communication 
technology; 

─ quality access for teachers and students to their own internal and external e-learning 
and teaching resources ; 

─ quality access for teachers and senior students to scientific electronic resources; 
─ automated control of their own activities for teachers and students ; 
─ use of wholly licensed software. 

The result of preparing of pre-service teacher of Mathematics, Physics and Computer 
Science to be able to use free software in their own training will serve as their 
willingness to use free software in their own teaching careers. 

3 Conclusions 

The proposed conceptual basis is an open system enabled by its interaction with the 
environment (social order, standard of professional education, etc.) and integration of 
knowledge of pre-service teacher of Mathematics, Physics and Computer Science in 
such scientific fields as philosophy, psychology, pedagogy, theory and methods of 
teaching mathematics, theory and methods of teaching physics; theory and methods of 
teaching information technology as well as fundamental disciplines in the field of 
preparation of Mathematics, Physics and Computer Science. Conceptual framework 
can be supplemented and extended depending on the conditions and characteristics of 
the operation and can be used in the preparation of preservice teachers to design the 
educational process from various disciplines based on their specifics. 

The proposed conceptual basis is an integrated system. Each structural element of the 
proposed principles of the system is its subsystem. This concept of integrity is ensured 
through: 



─ the presence of such properties and qualities which are not inherent in its structural 
elements; 

─ coherence and mutual dependence of all structural elements of conceptual principles 
as structural and logical and functional links between them. 

Structural and logical connection provided by relationships and relationships of 
structural elements with each other and with over-system (social demand, state 
educational standard of higher education in “Pedagogical Education”). Functional 
connections of structural elements are defined by concept of efficacy provide by the 
aggregate of the basic principles and conceptual provisions. 
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Abstract. Research goal: the research is aimed at developing a model of use of 
mobile ICT in learning Computer Sciences to future professionals in Engineering 
Pedagogy. Object of research is the model of use of mobile ICT in learning Com-
puter Sciences to future professionals in Engineering Pedagogy. Results of the 
research: the developed model of use of mobile ICT as tools of learning Com-
puter Sciences to future professionals in Engineering Pedagogy is based on the 
competency-based, person-centered and systemic approaches considering princi-
ples of vocational education, general didactic principles, principles of Computer 
Science learning, and principles of mobile learning. It also takes into account 
current conditions and trends of mobile ICT development. The model comprises 
four blocks: the purpose-oriented block, the content-technological block, the di-
agnostic block and the result-oriented block. According to the model, the learning 
content of Computer Sciences consists of 5 main units: 1) Fundamentals of Com-
puter Science; 2) Architecture of Modern Computers; 3) Fundamentals of Algo-
rithmization and Programming; 4) Software of Computing Systems; 5) Com-
puter Technologies in the Professional Activity of Engineer-pedagogues. 

Keywords: model of use, mobile ICT, Computer Science, future professionals 
in Engineering Pedagogy. 

1 Introduction 

In the previous works of the author based on a comprehensive analysis of technological 
conditions for the implementation of mobile learning [1] based on the statistical analy-
sis of the results of the expert survey were highlighted general professional and ICT 
competencies of the future professionals in Engineering Pedagogy, which can become 
a core of corresponding competency-based standard of training in Ukraine [2]. There 
are ICT competencies of future Engineer-pedagogues in computer technology, the ad-
vantages of use of competency matrices to diagnose their level of formation, the spe-
cific criteria for assessing each ICT competence (cognitive, operational-technological, 
value-motivational), three their levels (low, medium, high), the influence of the criteria 



on the level of formation of each ICT competence which is determined by the expert 
evaluation method in the article [3]. The problem of formation of ICT competencies of 
future Engineers-pedagogues in the learning of Computer Sciences remains open. Its 
solution requires the construction of a methodic of use of mobile ICT as a learning tools 
of Computer Sciences to future professionals in Engineering Pedagogy. 

In particular, a problem of determining the content and the structure of the method 
of use of mobile ICT in learning Computer Sciences to future professionals in Engi-
neering Pedagogy. The solution of this problem involves determining of systemic rela-
tions between the components of the method and the components of the ICT-based 
environment, implementation of educational studies and the construction of a suitable 
model. 

2 The model of use of mobile ICT in learning Computer 
Sciences to future professionals in Engineering 

Pedagogy 

In order to develop a model of use of mobile ICT in learning Computer Sciences to 
future professionals in Engineering Pedagogy, according to [4, p. 55] offered some gen-
eral principles of model construction, such as the definition of the purpose and specific 
modeling tasks; collection and systematization of the data related to the formulated 
tasks; distinguishing the main factors that influence the change of trends and patterns 
of investigated object or phenomenon; construction of a model based on tasks, the so-
lution of which is the main model’s orientation. 

In Fig. 1 there is a structural and functional model of use of mobile ICT in learning 
Computer Sciences to future professionals in Engineering Pedagogy based on the 
above-mentioned principles and aimed to the formation of their ICT competencies. 

Based on these factors, two main groups contributing to changes in training future 
professionals in Engineering Pedagogy (Computer Technology) were distinguished. 
First, as a result of development of the society (modernization of higher education sys-
tem, demand in professional education for vocational training system, informatization 
of society and education, the change of the educational paradigm to competency based) 
and second, as a result of technology’s development (e.g., mobile ICT). Taking into 
account the results of the first group of factors, the system of ICT competencies of 
engineers-pedagogues in computer technologies was created. The second group’s fac-
tors have enabled to specify the goal: the formation of the ICT competencies of the 
future engineers-pedagogues in computer technology in learning of Computer Science 
using mobile ICT. Together, the above-mentioned components form the purpose-ori-
ented block of the model. 

Mobile ICT, methodological approaches (competency-based, person-centered and 
systemic) and principles (principles of vocational education, general didactic princi-
ples, principles of Computer Science learning, and principles of mobile learning expert, 
person-centered and systemic), underlain to the development of the model are distin-
guished because they affect all the blocks of the model. 
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Achievement of the set purpose is in the content-technological block, which struc-
turally corresponds to four of the five components of the methodical system of learning: 
content and technologies (organization forms, methods and tools) of Computer Science 
learning. The Computer Sciences learning content consists of five general units: “Fun-
damentals of Computer Science”, “Architecture of Modern Computers”, “Fundamen-
tals of Algorithmization and Programming”, “Software of Computing Systems”, “Com-
puter Technologies in Professional Activity of Engineers-pedagogues”. Mobile ICT 
tools in learning Computer Sciences include mobile learning management systems, mo-
bile simulation and programming environments, mobile database management systems, 
mobile multimedia development tools, mobile test systems etc. The leading hardware 
mobile ICT tools in learning Computer Sciences are mobile Internet-devices, mobile 
projectors, and mobile electronic textbooks. 

Tools of monitoring and diagnosing ICT competencies formation in diagnostic block 
are represented by two groups: general diagnostic tools (tests, interviews) and specific 
(competency matrices, mobile ICT tools of monitoring ICT competence maturity of 
future professionals in Engineering Pedagogy (Computer Technology)). The model 
components are corrected according to the results of diagnostics. 

Forecast result (increasing the maturity level of ICT competencies of Engineers-ped-
agogues in computer technologies) represented in the result-oriented block is achieved 
through applying expedient method of use of mobile ICT in learning Computer Sci-
ences to future professionals in Engineering Pedagogy. 

All four blocks of the model are connected with each other both directly and through 
their components. 

Thus, among the methodological approaches, the main influence on the components 
of the purpose-oriented block is provided by the competency-based (on the higher ed-
ucation modernization and common goal) and systematic approaches (on the structur-
ing of ICT competencies of Engineers-pedagogues in computer technologies). Mobile 
ICT, in turn, influence on the informatization of society and education and the proce-
dural goal component. 

In the content-technological block, mobile ICT: (1) are reflected in the learning con-
tent; (2) are distinguished directly at the tools of Computer Sciences learning; (3) are 
distinguished indirectly at the organization forms and learning methods. According to 
the competency-based approach, the requirements for preliminary students’ training 
and to the results of Computer Sciences learning are formulated in terms of competen-
cies. According to the person-centered approach, the methods of Computer Sciences 
learning, forms of organization of educational activities of students and mobile learning 
tools are selected. In accordance with the principles of the system approach, the com-
ponents of the block form a subsystem of the methodical system of learning Computer 
Sciences, which is a part of the training of Engineers-pedagogues in computer technol-
ogies. This, in turn, requires taking into account the principles of vocational education, 
general and specific learning principles (in particular, the principles of mobile learning 
and the principles of Computer Science learning). 



 

Fig. 1. Model of use of mobile ICT in learning Computer Sciences to future professionals in 
Engineering Pedagogy 

The diagnostic block has not only direct connection, but also feedback with the content-
technological block: being structurally isolated, it is procedurally implemented with it 



5 

– monitoring and diagnostics of the level maturity of ICT competencies of future En-
gineers-pedagogues in computer technology is necessary for correction of technologi-
cal components of learning during the implementation of learning content. The compe-
tency-based approach and mobile ICT have a special influence to this block. Both, they 
determine the leading diagnostic tools of the level of ICT competencies formation – 
competence matrices for monitoring students' educational activities. 

The result-oriented block is totally influenced by all the methodological approaches, 
principles and technologies shown on the model. 

3 Objectives and content of learning Computer Sciences 

to future professionals in Engineering Pedagogy 

The objectives of Computer Science education are determined by the specifics of its 
contribution in solving the main tasks of the general education of the person: the for-
mation of the foundations of the scientific ideology, which lies in understanding of the 
modern world, changes of nature and content of human activity in accordance with the 
development of new information technologies; students’ thinking development, in par-
ticular theoretical, creative and a new type of thinking (operational) while learning 
Computer Science using of computer technology; the students’ training in practical ac-
tivity and life-long learning. Since it is the study of Computer Science that influences 
the formation of computer literacy and information culture, which makes it possible for 
a person to exist in the modern information society [5, p. 268]. 

Thus, the general purpose of teaching Computer Sciences to future professionals in 
Engineering Pedagogy is to form their professional ICT competencies, which specify 
the requirements for knowledge and skills determining the learning content as peda-
gogically grounded, logically arranged and textually recorded in the curriculum scien-
tific information on the material to be studied. They are presented in a summarized form 
and determine the content of educational activities of teachers and cognitive activity of 
students aiming at mastering of all components of the learning content on the relevant 
level. 

The learning content includes: 

─ theoretical (fundamental) learning elements, which is a set of basic concepts of a 
specific subject area of knowledge and it’s interconnections; 

─ problems, which are determined in accordance with the theoretical material and are 
intended to the development of specific skills and competencies for the relevant 
knowledge area; 

─ inter-subject and intra-subject interrelationships between educational elements [5, 
p. 156]. 

According to the model, the learning content of Computer Sciences consists of 5 main 
units: 

1. Fundamentals of Computer Science are represented in courses: 



─ “Industrial training” (modules “Information: forms of data representation”, “Solving 
systems of linear algebraic equations using the Jordan-Gauss method in the spread-
sheet environment”, “Matrix manipulation functions in spreadsheets”, “Analysis of 
data and parameters selection in spreadsheets”, “Development of the infological 
model and creation of the structure of the relational database”); 

─ “Discrete programming” (modules “Sets”, “Functions”, “Combinatorics”, “Proposi-
tional calculus”, “Logic algebra”, “Graphs”); 

─ “Operations research” (“Optimization tasks: fundamental methods and algorithms. 
Convex optimization”, “Linear programming”, “Dynamic, discrete programming, 
maximum principle”); 

─ “Data security in computer networks” (modules “Analysis of computer systems of 
data processing”, “Symmetric cryptographic algorithms”, “Cryptosystems”); 

─ “Informatics and computer workshop” (modules “Informatics, information and in-
formation technologies”, “Arithmetic basics of computing”, “Logical fundamentals 
of computing”); 

─ “Computer logic” (“Functions of the logic algebra: basic laws of the Boolean alge-
bra, Boolean functions minimization, “Synthesis of combinational schemes in a 
given basis”, “Abstract and structural synthesis of digital machines”, “Synthesis of 
control devices”, “Computer arithmetic”); 

─ “Computer design, multimedia and Web-programming” (module “Mathematical 
fundamentals of computer graphics”); 

─ “Database management systems” (module “The fundamentals of databases and 
knowledge bases”); 

─ “Theory of automatic control” (modules “General characteristics of the concepts of 
the theory of automatic control”, “Stability and quality of continuous linear auto-
matic systems”, “Correction of automatic systems”, “Stability and quality of linear 
pulsed systems”, “Stability and quality of nonlinear systems”). 

2. Architecture of Modern Computers is represented in: 

─ “Industrial training” (modules “Computer system building”, “Computer architecture 
and principles of functioning”, “Basic input/output system”); 

─ “Computer elements and devices” (modules “Basic system devices of personal com-
puters”, “I/O devices, information storage”, “Computer peripherals”); 

─ “Data security in computer networks” (modules “Data backup devices”); 
─ “Informatics and computer workshop” (module “PC hardware”); 
─ “Computer networks” (modules “Basic information about computer networks and 

data transmission”, “Standardization of networks and data transmission protocols”, 
“Standard technologies and structural organization of networks”); 

─ “Microprocessors and microprocessor systems” (modules “General concepts of mi-
croprocessor technology”, “Types and structure of modern microprocessors”, “Ac-
companying devices in microprocessor systems”); 

─ “PC repair and modernization” (modules “PC components”, “Peripheral devices, PC 
upgrades and repairs”). 

3. Fundamentals of Algorithmization and Programming are represented in courses: 
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─ “Algorithmic programming” (modules “Introduction to algorithms development and 
coding in C ++”, “Windows programming”); 

─ “Informatics and computer workshop” (module “Algorithmization and program-
ming fundamentals”); 

─ “Computer design and multimedia” (module “Visual programming in Ac-
tionScript”); 

─ “Microprocessors and microprocessor systems” (module “Basics of programming in 
Assembler”); 

─ “Applied and Web-programming” (modules “Applied programming in C++”, 
“Web-programming in JavaScript and PHP”); 

─ “Programming technologies” (modules “Methods and technology of data organiza-
tion”, “Object-oriented programming”, “Software testing”, “Software design”, 
“Software documentation”). 

4. Software of Computing Systems is represented in courses: 

─ “Automated organizational management systems” (module “The fundamentals of 
project management”); 

─ “Industrial training” (modules “Operating system concept”, “Shells”, “Applied soft-
ware”, “Computer viruses and network defense”, “Text processing basics”, “Lin-
guistic software”, “Spreadsheets basics”, “Presentations basics”, “Database manage-
ment systems”, “Internet technologies”); 

─ “Computer elements and devices” (module “System and specific software”); 
─ “Data security in computer networks” (modules “Defense of computer systems for 

data processing”, “Data backup”, “Computer virus defense”, “Information security 
systems in computer networks”, “Defense methods for network traffic”, “Tools of 
distributing access to information resources”); 

─ “Engineering and computer graphics” (module “Graphics editor”); 
─ “Internet technologies” (modules “Internet fundamentals”, “Internet services”); 
─ “Informatics and computer workshop” (module “Operating systems”, “PC soft-

ware”); 
─ “Computer documentation management” (module “Documentation management 

systems”); 
─ “Computer design and multimedia” (modules “Raster graphics editors”, “Vector 

graphics editors”, “Creation of typical graphic elements for website design”, “Crea-
tion of realistic animated 3D-objects”); 

─ “Computer design, multimedia and Web-programming” (modules “Graphic soft-
ware”, “Publishing software”); 

─ “Fundamentals of complex systems automated design” (modules “Fundamentals of 
software design”, “Diagram technology”, “Design methodologies and technolo-
gies”); 

─ “Applied and Web-programming” (module “Database development based MySQL 
server”); 

─ “Database management systems” (module “Relational database design”); 
─ “System programming” (modules “Introduction to system programming”, “Com-

puter resources management”). 



5. Computer Technologies in the Professional Activity of Engineer-pedagogues are 
represented in courses: 

─ “Automated organizational management systems” (module “Management of peda-
gogical projects”); 

─ “Production training” (modules “Keyboard simulators”); 
─ “IT ergonomics” (modules “Fundamentals of human-machine systems ergonomic”, 

“IT influence on human health”); 
─ “Engineering and computer graphics” (module “Professional work in 2D- and 3D-

graphics systems”); 
─ “Computer documentation management” (module “Electronic educational resources 

development”); 
─  “Computer design and multimedia” (module “Computer games development with 

Unity”); 
─ “Computer design, multimedia and Web-programming” (modules “Computer 

graphics in the art and business”, “Computer graphics in the science and industry”); 
─ “Computer technologies in education” (modules “Theoretical fundamentals of ICT 

of learning”, “ICT implementation at learning”, “Methodical fundamentals of ICT 
of learning”, “Prospects for the development of the ICT tools use in the education”); 

─ “Technical learning tools” (modules “Psychological and pedagogical basis of use of 
technical learning tools”, “Modern technical learning tools”, “Methodic of technical 
learning tools application”); 

─ “Educational internship” (modules “Modern methods and organization forms of fu-
ture professional activity”, “Scientific and organizational work in the team and ad-
aptation to the specialty”); 

─ “Technological internship” (modules “Hardware and system software”, “Applied 
software”, “Data processing in information systems”, “Design of text documents us-
ing modern word processors”, “Operations of data processing technological pro-
cess”. 

4 Conclusions 

The developed model of use of mobile ICT in learning Computer Sciences to future 
professionals in Engineering Pedagogy comprises four blocks: 

─ the purpose-oriented block includes factors of changes in learning computer tech-
nologies to professionals in Engineering Pedagogy (higher education modernization, 
the demand in professional education for vocational training system, informatization 
of society and education). They determines the system of ICT competencies of pro-
fessionals in Engineering Pedagogy, which is aimed at forming ICT competencies 
of future professionals in Engineering Pedagogy while learning Computer Sciences 
using mobile ICT; 

─ the content-technological block determines interrelated content blocks of Computer 
Sciences (“Fundamentals of Computer Science”, “Architecture of Modern Comput-
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ers”, “Fundamentals of Algorithmization and Programming”, “Software of Compu-
ting Systems”, “Computer Technologies in Professional Activity of Engineer-peda-
gogues”), mobile ICT tools in learning Computer Sciences (hardware and software), 
organization forms and methods of learning Computer Sciences; 

─ the diagnostics block determines general (interviews, tests) and specific tools (com-
petence matrices, mobile ICT tools of monitoring ICT competencies maturity of fu-
ture professionals in Engineering Pedagogy (Computer Technology)) of monitoring 
and diagnosing ICT competencies formation; 

─ the result-oriented block determines the forecasting result of the model realization 
implying the increased maturity level of Engineer-pedagogues’ ICT competencies. 
All blocks of the model are connected with each other both directly and through their 
components. 
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Abstract. The article describes the problem of designing a neuro-fuzzy expert 
system of professional selection at the stages of conceptualization and formali-
zation, which involves the definition of concepts, relationships and management 
mechanisms necessary to describe the solution of problems in the chosen subject 
field. The structural model of the decision making system for determining the 
professional selection of students for training in IT specialties is substantiated. 
Three subsystems are proposed as structural components for studying: psycho-
logical peculiarities, personal qualities, factual knowledge, abilities and skills of 
students. The quality of the system’s operation is determined by the use of vari-
ous techniques for acquiring knowledge on the basis of which the knowledge 
base of the neuro-fuzzy system and the combination of the use of fuzzy and sto-
chastic data will be formed. 
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1 Introduction 

1.1 The Problem Setting 

One of the topical problems of artificial intelligence is the construction of diagnostic 
neuro-fuzzy expert systems, the substantiation of their structure and individual subsys-
tems. Such systems make it possible to combine various forms of presentation and 
methods of processing knowledge. They are the study environment for the optimal 
combination of various mechanisms of knowledge processing in the process of solving 
the problem of effective interaction of heterogeneous information in conditions of un-
certainty. The range of application of fuzzy data processing methods is expanding every 
year, covering areas such as the design of industrial robots and household appliances, 
automatic recognition of speech and images, and so on. 



The social and humanitarian sphere of human activity concerning the application of 
intelligent technologies of automation of information processes and modeling of sys-
tems that are characterized by fuzzy and vague input values has not remained unaltered. 
One of the most active and perspective areas of applied research, based on the construc-
tion of information systems in terms of the theory of fuzzy sets – fuzzy simulation. The 
advantage of this approach is that fuzzy simulation allows you to obtain more adequate 
results in comparison with results based on the use of traditional analytical models and 
management algorithms, as well as to simulate complex systems with multiple choice 
and heterogeneous input data. 

Professional orientation and professional selection of young people for the study of 
IT specialties is a complex multi-faceted process, the automation of which requires a 
non-standard approach and the application of artificial intelligence technologies, in par-
ticular methods and algorithms of fuzzy logic. In the process of analyzing the factors 
that influence the professional choice of students, in addition to the psychological and 
personal qualities of the individual, one must take into account the tendency to study 
certain disciplines, in particular, the disciplines of the professional-practical cycle of 
the curriculum. In addition, an external evaluation of the specialists of the chosen fore-
casting field of education is required as well as their independent recommendations for 
choosing a future profession. 

1.2 Analysis of Recent Research and Publications 

Problems of professional orientation and professional selection of students, in particu-
lar, practical aspects, are considered in many works by well-known teachers and schol-
ars: Ivan D. Bekh [2], Valentyna T. Lozovetska [12], Nellia H. Nychkalo [14], Olena 
M. Otych [15], Olha I. Shcherbak [17], Illia O. Teplytskyi [16], Hryhorii V. Tereshchuk 
[9], Ivan A. Ziaziun [24] and others. 

Considerable attention has been paid recently to the study of the possibility of auto-
mating the processes of vocational guidance and professional selection using a variety 
of information systems – Nailia R. Iangurazova [8], Baryi G. Iliasov [8], Elena B. 
Startceva [8], Andrei V. Shulepov [19] and others. In particular, [8] offers the construc-
tion of an expert system for the selection of not one, but several specialties when enrol-
ling in a higher education institution. The basis of this approach is the modular principle 
of building the knowledge base of the expert system, as well as the advantages of ap-
plying this principle. To create an expert system, the authors analyzed and modeled the 
subject area using a structural approach. 

Shulepov [19] on the basis of a review of expert systems on the choice of specialty 
when enrolling in the university offered a mathematical model of the system of assess-
ment of own opportunities and the choice of a rational strategy in the labor market for 
a graduate of high school taking into account external socio-economic factors. The 
structure of such a system, the functional model and the data storage scheme are de-
scribed. 

The definition of students’ success is one of the key determinants when choosing a 
profession, based on fuzzy logic: Andrei R. Aidinian [1], Aleksandr P. Kirpichnikov 



 

[9], Irina V. Leonova [9], Stella A. Liasheva [9], Mikhail P. Shleimovich [9], Olga L. 
Tcvetkova [1], Ivan M. Tsidylo [20] and others. 

In the paper [9] a methodology for assessing the quality of teaching of students of 
higher educational institutions is proposed, which is based on the use of a two-level 
system built on the basis of the adaptive system of neuro-fuzzy output ANFIS imple-
mented in the package of Fuzzy Logic Toolbox MatLab system. The system for as-
sessing the quality of training, which allows for numerical evaluation as a summary 
indicator characterizing the performance of an educational institution and shows how 
well the learning process is conducted, is proposed in [1]. Another approach to con-
structing a fuzzy evaluation of the results of automated testing is proposed by us in [20]. 
The structure, functions and mechanisms of constructing a fuzzy system model are de-
scribed. The response surface of the fuzzy system reflects the dependence of the final 
score on the complexity of the task and the degree of correctness of the task. Testing of 
the controller on the test sample has been carried out, proving the functional suitability 
of the developed model. 

To date, the scientists have made attempts to generalize conceptual studies of the 
problem: the application of intellectual information technologies in practical tasks –
Oleh M. Berezkyi [4], Maksim I. Dli [10], Roman Iu. Golunov [10], Vladimir V. 
Kruglov [10], Serhiy D. Shtovba [18], F. Wasserman, and others, the construction of 
fuzzy expert systems – George F. Luger [13], Serhiy D. Shtovba [18], etc., decision-
making in situations for which both fuzzy and stochastic data should be used – Aleksei 
G. Beliakov [3], Olha V. Hlon [7], Volodymyr M. Dubovoy [7], Oleh O. Kovaliuk [5], 
Aleksandr S. Mandel [6] and other national and international scientists. 

1.3 Unresolved Aspects of the Problem 

The analysis of works shows the presence of a certain structure and stage of the design 
of neuro-fuzzy expert systems. However, little or no attention has been paid to detailing 
the implementation of the most important stages – conceptualization and formalization, 
in particular, in the process of developing a model of the system of professional selec-
tion of students. 

1.4 The Purpose 

The purpose of the article is to substantiate the essential features, concepts, relation-
ships and management mechanisms necessary to describe the solution of the problem 
of designing a neuro-fuzzy expert system for determining the professional suitability of 
future students for the training of IT specialties. 

2 The Results of the Research 

Designing a neuro-fuzzy expert system to determine the professional suitability of stu-
dents to learn future IT skills is based on the most commonly used approach using fuzzy 



knowledge bases and the hybrid learning algorithm ANFIS. Peculiarities of the imple-
mentation of such systems, as stated in the paper [8, p. 120] are as follows: processing 
of fuzzy statements, that is, when the prerequisite is fuzzy variables, and the output 
machine – a mechanism for obtaining data from them; the use of a matrix of fuzzy 
relations, when a set of factors and set of prerequisites are determined; the matrix con-
tains fuzzy variables whose measure is represented as a real number within [0, 1], and 
to determine the causes of the state, the transformation of the matrix and factors into 
the form of equations of fuzzy relations is carried out, and then the resulting system is 
solved by the method of composition of the minimum-maximum; use of fuzzy excerpts. 

In accordance with the stages of the development of intelligent systems, let us con-
sider the most time-consuming stages – conceptualization and formalization, which, 
according to the authors [16]: “is, indeed, "a stumbling block" at the very first stage of 
the development of models of intelligent systems”. At these two stages, one can say, 
the feasibility of using one or another type of knowledge for the presentation of infor-
mation is determined. At the stage of obtaining knowledge, we analyze the problem 
area and determine the methods of solving problems. 

First of all, you need to pay attention to the development environment of the future 
system. The software environment for designing will be MATLAB – one of the oldest, 
carefully elaborated and time-tested automation systems for mathematical and scien-
tific and technical calculations, built on the extended presentation and application of 
matrix operations [20]. The specific environment for the development of a neuro-fuzzy 
expert system is fuzzy output editor Fuzzy Inference System Editor. This editor consists 
of the following programs: Membership Function Editor, Rule Editor, Rule Viewer, 
and Surface Viewer [23, p. 18]. 

The problem of professional selection of students is the correspondence of psycho-
physiological characteristics of a student with the requirements of the IT specialty. 
Based on this, the goals of the system development include: to determine the main cri-
teria for professional review; to show their significance and validity; to simulate the 
work of the expert system and evaluate its effectiveness. 

Accordingly, professional selection involves a system of activities that can identify 
people who, by their individual personal qualities, are most suitable for studying and 
continuing professional activities in a particular profession. Proficiency is preceded by 
students’ inclination and abilities, quality of training, interests, and environment. The 
stages of professional selection include: psychological study of the profession in order 
to identify the requirements for a person; selection of psycho-diagnostic methods of 
research, including tests that most characterize those mental processes and occupational 
actions, concerning which the professional suitability is to be assessed; forecasting the 
success of training and further activities on the basis of comparison of information: a) 
about the requirements of the profession to the person and received psychodiagnostic 
data with an emphasis on the assessment of personality characteristics; b) the possibility 
of purposeful improvement and compensation of professionally important qualities, as 
well as the probability of adaptation to the profession, the possibility of emergence of 
extreme situations and influences. 

In the final version, the system should determine the degree of professional compe-
tence of the student for further training on the IT specialty based on the prescribed 



 

criteria on the basis of the programmed knowledge. Taking into account the complexity 
of the task of professional selection, we divided all the input data into three subsystems: 
psychological peculiarities of the student, student’s personal qualities, factual 
knowledge, abilities and skills (KAS’s) in possession of the appropriate programming 
languages. Each of these subsystems will have separate input variables that will be re-
sponsible for the formation of this knowledge base with subsequent fuzzy logic output 
for a certain type of criteria. The outputs of the three subsystems that will set the con-
dition will be inputs to the overall resultant system, the output of which will be the final 
result of the student’s professional suitability. As a result, we obtain a hierarchical ex-
pert system that will operate as inbound variables both with fuzzy linguistic and statis-
tical information. Thus, we have completed the stage of development of intelligent sys-
tems – conceptualization. 

At the formalization stage, we fill in the system with input data to form a knowledge 
base. The general system will have three subsystems described above, as well as output 
variables that will eventually show the result. The first subsystem will be a subsystem 
called “psychological peculiarities of students”. In each subsystem, first of all, it is nec-
essary to provide input data or they can also be called input variables. The input data of 
the first subsystem include: memory, attention, imagination, thinking and temperament. 
We got five input variables. But this is not enough for the validity of the subsystem. 
Each input variable will contain its varieties, so that during the examination we will be 
able to determine which type of psychological features is most developed. In the lan-
guage of fuzzy logic they are called fuzzy linguistic variables. For example, what kind 
of attention or thinking is dominant. Based on available varieties of memory, the first 
input variable of this subsystem will contain the following variables: figurative, verbal-
logical (in content), short-term, long-term, operational (in duration), involuntary and 
arbitrary (by the way of memorization). The second input variable is attention. Accord-
ingly, we introduce its types, namely: external, internal, involuntary, arbitrary, post-
satisfactory. The third parameter is imagination. Its varieties, and accordingly, linguis-
tic variables: artistic, technical, and scientific. The fourth input variable is thinking: 
visually-effective, visually-figurative, verbal-logical. The last, fifth input element is the 
student's temperament. Its varieties are as follows: choleric, sanguine, phlegmatic, mel-
ancholic. 

The knowledge of the second subsystem of “student’s personal qualities” is pre-
sented in the following way. The input elements of the subsystem will be: language 
proficiency, inclinations and abilities, overall capacity, success. We also use varieties 
of input elements in the form of linguistic variables, in order to classify each of them 
in more detail. The first input element is to speak the language, both native and foreign. 
Its varieties are as follows: Ukrainian, English, Russian, German, Polish. The second 
input element is the student’s personal inclinations and abilities. Here we will include 
the following: educational, creative (in terms of application), theoretical and practical 
(by type of thinking) [11]. The third input element is the total capacity. Its varieties are 
as follows: depth and breadth of mind, self-discipline, self-control, activity, initiative, 
responsibility. The fourth element of this subsystem is the success – high, low, and 
average. This subsystem will output a result that describes the input variables for the 
general system, the level of personal qualities of the person who was tested. 



The third subsystem will be a subsystem called “KAS’s” (knowledge, abilities, 
skills). This will be the largest subsystem and will include two more subsystems both 
of which will be affiliated with the IT specialty “Web programmer”. The first is the 
knowledge of programming languages, and the second is a software package. 

Subsystem “Knowledge of programming languages”. Here it is necessary to foresee 
types of programming languages and the level of proficiency in them. It should be noted 
that in the knowledge base we will introduce the types of programming languages in 
two directions: client programming languages and server programming languages. The 
first direction will include: HTML5, XTML, CSS3, Java-Script along with the JQuery 
library. The server languages include: PHP, C#, ASP.NET, Java. Each input variable 
will provide the level of proficiency: high, sufficient, average, low, zero. It is these two 
areas of programming languages that play an important role, since the expert system, 
when deducing the result, will not only be able to show whether a professionally qual-
ified student will study in this specialty, but will also output the result of the direction 
of student learning in the IT industry. Whether this will be the direction of preparation 
closer to web design or it will be a server programmer. 

The second subsystem is a “Software product”. The input of its knowledge base will 
be those software products that the future web programmer should be directly proficient 
in. Therefore, the input variables of the subsystem will be the following software ap-
plications and packages: Notepad, Sublime Text, Php Storm, Aptana, DreamWeaver, 
MySQL, Microsoft Visual Studio, Photoshop (for designers). Each of the above input 
variables will have linguistic variables corresponding to the level of proficiency: high, 
sufficient, average, low, zero. 

The two subsystems described above will provide a fuzzy logical output, the initial 
results of which will be input data for the subsystem “KAS’s” whose output values, in 
turn, will be input values for the general neuro-fuzzy expert system for determining the 
professional suitability of future students to study IT skills. 

The developed structural model of the system (Fig. 1) allows for obtaining complete 
and visual information about the subject domain, justify the structure of knowledge 
bases and select and develop the means of its filling, determine the requirements for the 
software and hardware of the system. The organization of the structure of the model 
was made on the basis of the modular approach, which allowed us in a separate module 
(subsystem) to provide means and methods for obtaining, processing and preservation 
specific to it, the knowledge base in separate units of knowledge and their use by several 
subsystems in accordance with the hierarchy of acceptance processes solution to the 
task. The knowledge base will be formed on the basis of the creation of so-called heu-
ristic rules that will consist of a different combination of the principle “if (condition) 
and (condition) then (result)”, which will provide a separate result. Validity of any ex-
pert system depends on the number of heuristic rules. The more rules the expert pro-
vides, the better will be the examination and the more accurate results at the output. 
However, not always a greater number of rules will lead to a better result. Therefore, to 
optimize the system, we propose the use of the ANFIS algorithm. 



 

 

Fig. 1. Structural model of the general neuro-fuzzy expert system for determining the profes-
sional suitability 

3 Conclusions and Prospects for Further Research 

Thus, for the automated expert assessment of the professional competence of students 
for the training of IT specialties, subsystems of decision-making have been allocated 



and their hierarchy has been determined, on the basis of which a general model is cre-
ated that describes all the decision-making processes. This approach can be attributed 
to the IDEF methodology, which is defined and used to solve problems of modeling 
complex systems. Modeling of processes of professional orientation and professional 
definition can be attributed precisely to such systems, which allow to represent and 
analyze the models of activity of a diverse spectrum. As systems models we propose 
the following subsystems: psychological peculiarities, personal qualities, factual 
knowledge, skills and abilities. Hence, the width and depth of the study of processes in 
the system are being met. Namely, both by the use of various techniques for obtaining 
knowledge on the basis of which the knowledge base of the neuro-fuzzy system will be 
formed, and by the combination of the use of fuzzy and stochastic data. 

The structural order of the inseparable, in our opinion, elements and characteristics 
of the student’s personality reflects our vision of the automation of the process of pro-
fessional orientation and professional decision. The interdisciplinary nature of the task 
is beyond doubt. Failure to take into account some features took place at both the con-
scious and unconscious levels in order to avoid overloading the created model with 
unnecessary data. 

The prospect of further inquiries into this issue is seen in the implementation of the 
designed system in the MATLAB software environment, in particular in the Fuzzy 
Logic Toolbox, and the involvement of specialists in pedagogy, psychology, physiol-
ogy, programming, atomization of information processes, etc., at the stages of concep-
tualization and formalization. After all, only in cooperation of experts from various 
industries one can get high-quality and effective software product, including a com-
puter-aided neuro-fuzzy expert system for determining the professional suitability of 
students for the training in IT specialties. 
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Abstract. The article substantiates the necessity to develop training methods of 
computer simulation of neural networks in the spreadsheet environment. The sys-
tematic review of their application to simulating artificial neural networks is per-
formed. The authors distinguish basic approaches to solving the problem of net-
work computer simulation training in the spreadsheet environment, joint appli-
cation of spreadsheets and tools of neural network simulation, application of 
third-party add-ins to spreadsheets, development of macros using the embedded 
languages of spreadsheets; use of standard spreadsheet add-ins for non-linear op-
timization, creation of neural networks in the spreadsheet environment without 
add-ins and macros. After analyzing a collection of writings of 1890-1950, the 
research determines the role of the scientific journal “Bulletin of Mathematical 
Biophysics”, its founder Nicolas Rashevsky and the scientific community around 
the journal in creating and developing models and methods of computational neu-
roscience. There are identified psychophysical basics of creating neural net-
works, mathematical foundations of neural computing and methods of neuroen-
gineering (image recognition, in particular). The role of Walter Pitts in combining 
the descriptive and quantitative theories of training is discussed. It is shown that 
to acquire neural simulation competences in the spreadsheet environment, one 
should master the models based on the historical and genetic approach. It is indi-
cated that there are three groups of models, which are promising in terms of de-
veloping corresponding methods – the continuous two-factor model of Rashev-
sky, the discrete model of McCulloch and Pitts, and the discrete-continuous mod-
els of Householder and Landahl. 

Keywords: computer simulation, neural networks, spreadsheets, neural compu-
ting, neuroengineering, computational neuroscience. 



1 Introduction 

For the past 25 years, the authors have been developing the concept of systematic com-
puter simulation training at schools and teachers’ training universities [53]. The concept 
ideas have been generalized and presented in the textbook [60]. Spreadsheets are cho-
sen to be the leading environment for computer simulation training [52; 71], their ap-
plication discussed in articles [55; 62; 66; 68]. Using spreadsheet processors (autono-
mous [18], integrated [61] and cloud-oriented [72]) as examples, the authors demon-
strate components of teaching technology of computer simulation [70] of determined 
and stochastic [56; 58; 67] objects and processes of various nature [59; 69]. 

The systematic training of simulation provides for changing [52] and integrating [57] 
simulation environments ranging from general (spreadsheets) to specialized subject-
based ones. While teaching computer simulation of intellectual systems [50] special-
ized languages and programming environments [28] are traditionally used. They can be 
easily mastered by first-year students [1; 27]. One of the most wide-spread languages, 
Scheme, is offered to be applied to teaching computer simulation of classical mechanics 
at universities [54]. Extensive application of artificial intelligence in everyday life calls 
for students’ early acquaintance with its models and methods including neural network-
based [29] while teaching informatics at secondary schools. It conditions the need for 
developing training methods of computer simulation of neural networks in the general-
purpose simulation environment, i.e. spreadsheets. 

2 Literature Review and Problem Statement 

The first description of spreadsheet application to teaching neural network simulation 
of visual phenomena dates back to 1985 and belongs to Thomas T. Hewett, Professor 
of the Department of Psychology of Drexel University [11]. In [10] there are described 
simple models of microelectrode recording of two neuron types of neural activity – 
receptors and transmitters localized in two brain-hemispheres. Thomas T. Hewett of-
fered psychology students to independently choose coefficients of intensifying or re-
ducing input impulses to achieve the desired output: “... the simulations can be designed 
in such a way that the student is able to "experiment" with a simulation-experiment 
both in the sense of discovering the characteristics of an unknown model and in the 
sense of modifying various components of a known model to see how the simulation is 
affected” [10, p. 343]. This approach implies simultaneous studying a neural network 
and understanding its functioning as psychology students conclude the laws of the neu-
ral impulse spread by applying the trial-and-error method. 

In his article [4], James J. Buergermeister, Professor of Hospitality and Tourism 
Management of University Wisconsin-Stout, associates electronic spreadsheet applica-
tion with basic principles of training technology and methods of data processing 
(Fig. 1). The author does not work out the methods of applying electronic spreadsheets 
to neural network simulation in detail, yet, the presented scheme reveals such basic 
steps as data obtainment, semantic coding, matching with an etalon, etc. 



 

Fig. 1. The information-processing model using spreadsheet events (according to [4]) 

Since 1988, Murray A. Ruggiero, one of the pioneers of autotrading, has been develop-
ing Braincel, an application for Microsoft Excel 2.1C, which is a set of twenty macros 
to solve tasks of image recognition by artificial neural network tools [21]. At the be-
ginning of 1991, Murray A. Ruggiero received a patent “Embedding neural networks 
into spreadsheet applications” [49], which describes an artificial neural network with a 
plurality of processing elements called neurons arranged in layers. They further include 
interconnections between the units of successive layers. A network has an input layer, 
an output layer, and one or more “hidden” layers in between, necessary to allow solu-
tions of non-linear problems. Each unit (in some ways analogous to a biological neuron: 
dendrites – input layer, axon – output layer, synapses – weights [47], soma – summation 



function) is capable of generating an output signal which is determined by the weighted 
sum of input signals it receives and an activation function specific to that unit. A unit 
is provided with inputs, either from outside the network or from other units, and uses 
these to compute a linear or non-linear output. The unit’s output goes either to other 
units in subsequent layers or to outside the network. The input signals to each unit are 
weighted by factors derived in a learning process. 

When the weight and activation function factors have been set to correct levels, a 
complex stimulus pattern at the input layer successively propagates between the hidden 
layers, to result in a simpler output pattern. The network is “taught” by feeding it a 
succession of input patterns and corresponding expected output patterns. The network 
“learns” by measuring the difference at each output unit between the expected output 
pattern and the pattern that it just produced. Having done this, the internal weights and 
activation functions are modified by a learning algorithm to provide an output pattern 
which most closely approximates the expected output pattern, while minimizing the 
error over the spectrum of input patterns. Neural network learning is an iterative process 
involving multiple lessons. Neural networks have the ability to process information in 
the presence of noisy or incomplete data and yet still generalize to the correct solution. 

In his patent, Murray A. Ruggiero details a network structure (multi-level), an acti-
vation function (sigmoidal), a coding method (polar), etc. He presents a mathematical 
apparatus for network training and determines a method of data exchange between a 
spreadsheet processor nucleus and an add-in to it. The patent author suggests storing 
input data in columns, maximum and minimum values for each column of input data, 
the number of learning patterns. Data can be normalized or reduced to the polar range 
[0; 1] both in spreadsheets and add-ins. 

In his article of 1989, Paul J. Werbos, the pioneer of the backpropagation method 
for artificial neural network training [65] demonstrates how to make the corresponding 
mathematical apparatus simpler to use it directly in the spreadsheet processor. The cy-
cling character of training is supported by a macro that exchanges data between lines 
to avoid restrictions on the number of iterations because of the limited number of lines 
on a sheet of a separate spreadsheet. Some other authors suggest applying a similar 
approach of macros application [8; 74]. 

The authors of [22] in Chapter 2 “Neural Nets in Excel” give an example of applying 
the non-linear optimization tool, Microsoft Excel Solver, to forecasting stock prices 
using the “grey-box” concept, in which the model is evident, yet, the details of its real-
ization are hidden. 

In their article of 1998 [9], Tarek Hegazy and Amr Ayed from the Department of 
Civil Engineering at University of Waterloo distinguish the corresponding seven steps 
(Fig. 2). Unlike [48], the authors suggest using bipolar data normalization (over the 
range of [–1; 1]) and a hyperbolic tangent as an activation function. Three add-ins for 
Microsoft Excel are used to determine weighting factors – the standard Solver and 
third-party add-ins (NeuroShell2 and GeneHunter by Ward Systems Group). Experi-
ment results reveal that the best result is provided by the optimizing general-purpose 
tool (Solver) and not by specialized ones. In spite of the fact that “Journal of Construc-
tion Engineering and Management” does not refer to educational editions, the article 



[9] and the paper [3] by their structure and focus on details can be considered the first 
description of methodic of using spreadsheets for neural network simulation. 

 

Fig. 2. Spreadsheet simulation of three-layer neural network with one output node (according 
to [9]) 

In their article of 2012 [47], Thomas F. Rienzo and Kuriakose K. Athappilly from Ha-
worth College of Business at Western Michigan University consider model illustrating 
the process of machine learning as networks examine training data would provide an-
other. Authors incorporate the stepwise learning processes of artificial neural network 
in a spreadsheet containing (1) a list or table of training data for binary input combina-
tions, (2) rules for target outputs, (3) initial weight factors, (4) threshold values, (5) 
differences between target outputs and neural network transformation values, (6) learn-
ing rate factors, and (7) weight adjustment calculations. Unlike the previous ones, this 
model is invariant to the spreadsheet and does not call for applying any third-party add-
ins. 

The conducted review makes it possible to find the following solutions of the prob-
lem of computer simulation teaching to neural networks in the spreadsheet environ-
ment: 

─ joint application of spreadsheets and neural network tools [29], in which data is ex-
ported to the unit calculating weighting factors imported to spreadsheets and used in 
calculations; 



─ application of third-party add-ins for spreadsheets ([9; 21; 37; 49]), according to 
which structured spreadsheet data is processed in the add-in, calculation results are 
arranged in spreadsheet cells; 

─ macros development ([3; 8; 65; 74]) enables direct software control over neural net-
work training and creation of a user’s specialized interface; 

─ application of standard add-ins for optimization ([9; 22; 37]) calls for transparent 
network realization and determination of an optimization criterion (minimization of 
a squared deviation total of the calculated and etalon outputs of the network); 

─ creation of neural networks in the spreadsheet environment without add-ins and mac-
ros [47] requires transparent realization of a neural network with evident determina-
tion of each step of adjustment of its weighting factors. 

The advantage of the first solution is its flexibility as one can choose any relevant com-
binations of the simulation environments, yet, their integration level is usually insuffi-
cient. The closed character of the second solution and its binding to a certain software 
platform make it relevant to be applied to solving various practical tasks and irrelevant 
for neural network simulation training as a network becomes a black box for a user. 
The fourth solution is partially platform-dependent as a neural network becomes a grey 
box for a user. The final solution is totally mobile and offers an opportunity to regard 
the model as a white box, thus making it the most relevant for initial mastering of neural 
network simulation methods. 

3 The Aim and Objectives of the Study 

The research is aimed at considering mathematical models of neural networks realized 
in spreadsheet environment. 

To accomplish the set goal, the following tasks are to be solved: 

1. to distinguish learning tools of computer simulation of neural networks in the spread-
sheet environment; 

2. to study mathematical models of neural networks at the beginning of the Age of 
Camelot [7]. 

4 Mathematical models of neural networks at the 

beginning of the Age of Camelot (1933-1947) 

Russell C. Eberhart and Roy W. Dobbins [7] suggest dividing the history of artificial 
network development into four stages. The first stage, the Age of Camelot, starts with 
“The Principles of Psychology” (1890) by the American psychologist, William James, 
who formulates the elementary law of association: “When two elementary brain pro-
cesses have been active together or in immediate succession, one of them, on re-occur-
ring, tends to propagate its excitement into the other” [20, p. 566]. The elementary law 
of association (the elementary principle) is closely related to the concepts of associative 
memory and correlational learning. In the authors’ opinion [7], William James seemed 



to foretell the notion of a neuron’s activity being a function of the sum of its inputs, 
with past correlation history contributing to the weight of interconnections: “The 
amount of activity at any given point in the brain-cortex is the sum of the tendencies of 
all other points to discharge into it, such tendencies being proportionate (1) to the num-
ber of times the excitement of each other point may have accompanied that of the point 
in question; (2) to the intensity of such excitements; and (3) to the absence of any rival 
point functionally disconnected with the first point, into which the discharges might be 
diverted” [20, p. 567]. 

William James illustrates his elementary principle by total recall example: “Suppose, 
for example, we begin by thinking of a certain dinner-party. The only thing which all 
the components of the dinner-party could combine to recall would be the first concrete 
occurrence which ensued upon it. All the details of this occurrence could in turn only 
combine to awaken the next following occurrence, and so on. If a, b, c, d, e, for instance, 
be the elementary nerve-tracts excited by the last act of the dinner-party, call this act A, 
and l, m, n, o, p be those of walking home through the frosty night, which we may call 
B, then the thought of A must awaken that of B, because a, b, c, d, e, will each and all 
discharge into l through the paths by which their original discharge took place. Simi-
larly they will discharge into m, n, o, and p; and these latter tracts will also each rein-
force the other’s action because, in the experience B, they have already vibrated in 
unison. The lines in ... [Fig. 3] symbolize the summation of discharges into each of the 
components of B, and the consequent strength of the combination of influences by 
which B in its totality is awakened.” [20, p. 569]. 

 

Fig. 3. Thinking acts according to William James [20, p. 570] 



Fig. 3 reveals the neural network depicting connection between two conditions. Apply-
ing the elementary principle to analyzing forgetting and recall, William James creates 
an associative neural network (Fig. 4): “The whole process can be rudely symbolized 
in a diagram. Call the forgotten thing Z, the first facts with which we felt it was related 
a, b, and c, and the details finally operative in calling it up, l, m, and n. Each circle will 
then stand for the brain-process principally concerned in the thought of the fact lettered 
within it. The activity in Z will at first be a mere tension; but as the activities in a, b, 
and c little by little irradiate into l, m, and n, and as all these processes are somehow 
connected with Z, their combined irradiations upon Z, represented by the centripetal 
arrows, succeed in rousing Z also to full activity. ... Turn now to the case of finding the 
unknown means to a distinctly conceived end. The end here stands in the place of a, b, 
c, in the diagram. It is the starting-point of the irradiations of suggestion; and here, as 
in that case, what the voluntary attention does is only to dismiss some of the suggestions 
as irrelevant, and hold fast to others which are felt to be more pertinent – let these be 
symbolized by l, m, n. These latter at last accumulate sufficiently to discharge all to-
gether into Z, the excitement of which process is, in the mental sphere, equivalent to 
the solution of our problem. The only difference between this case and the last, is that 
in this one there need be no original sub-excitement in Z, cooperating from the very 
first. When we seek a forgotten name, we must suppose the name’s centre to be in a 
state of active tension from the very outset, because of that peculiar feeling of recogni-
tion which we get at the moment of recall.” [20, pp. 586-588]. 

 

Fig. 4. The recall process according to William James [20, p. 586] 

In “Psychology” (1892), an abridged re-edition of “The Principles of Psychology”, Wil-
liam James formulates basic principles of the image recognition theory: “We know, in 
short, a lot about it, whilst as yet we have no acquaintance with it. Our perception that 
one of the objects which turn up is, at last, our qucesitum, is due to our recognition that 
its relations are identical with those we had in mind, and this may be a rather slow act 
of judgment. Every one knows that an object may be for some time present to his mind 



before its relations to other matters are perceived. Just so the relations may be there 
before the object is.” [19, p. 275]. 

“The Bulletin of Mathematical Biophysics” has been an advanced platform for ap-
probating network models and methods since the moment of its foundation by Nicolas 
Rashevsky in 1939 [6]. It should be no surprise as Nicolas Rashevsky invented one of 
the first models of the neuron [44] and started the idea of artificial neural networks. The 
basic idea was to use a pair of linear differential equations and a nonlinear threshold 
operator (1): 

Input ≔ �(�)	

�

��

��
= ��(�) − ��

��

��
= ��(�) − ��

																	(1)	

Output ≔ �(� − � − �) 

where θ is the threshold, e and j could represent excitation and inhibition or the amount 
or concentration of two substances within a neuron, H(x) is the Heaviside operator 
(takes positive values to 1, and non-positive values to 0). This gives an easy way to 
model the all-or-none firing of a neuron – Nicolas Rashevsky showed that this simple 
model was able to model many of the known experimental results for the behavior of 
single neurons. He also made the point that networks of these model neurons could be 
connected to give quite complicated behavior and even serve as a model for a brain [6]. 

In his article of 1941, Gale J. Young (“the best theoretical engineer” of Manhattan 
Project [64]) [73], shows that the Nicolas Rashevsky two-factor model of nerve excita-
tion can account for sustained inhibition or enhancement by a sequence of stimulus 
pulses, and for the decrease in the reinforcement period with each successive pulse of 
the train. 

Developing Nicolas Rashevsky’s ideas, his student Alston Scott Householder, who 
gave his name to the known linear transformation describing a reflection about a plane 
or hyperplane containing the origin, and a class of root-finding algorithms used for 
functions of one real variable with continuous derivatives up to some order, in his arti-
cle of 1940 [13], suggests a parameter measuring the “strength” of the inhibitory neu-
rons acting among the terminal synapses. In [16], he describes the activity parameter as 
a characteristic of the fiber which is assumed to be different from zero, but it may be 
either positive (when the fiber is excitatory in character) or negative (when the fiber is 
inhibitory in character). In Householder’s articles of 1941–1942: 

─ Preliminary consideration is given to the steady-state activity of some simple neural 
structures. It is assumed as a first approximation that while acted upon by a constant 
stimulus, each fiber reaches a steady-state activity whose intensity is a linear func-
tion of the applied stimulus. It is shown by way of example that for a simple two-
fiber circuit of inhibitory neurons knowledge of the stimuli applied to the separate 
fibers does not necessarily suffice to determine uniquely the activity that will result. 
On the other hand, there are deduced certain restrictions on the possible types of 
activity that may be consistent with a given pattern of applied stimulation [16]. 



─ It is found that for a simple circuit of neurons, if this contains an odd number of 
inhibitory fibers, or none at all, or if the product of the activity parameters is less 
than unity, then the stimulus pattern always determines uniquely the steady-state 
activity. For circuits not of one of these types, it is possible to classify exclusively 
and exhaustively all possible activity patterns into three types, here called “odd”, 
“even”, and “mixed”. For any pattern of odd type and any pattern of even type there 
always exists a stimulus pattern consistent with both, but in no other way can such 
an association of activity patterns be made [17]. 

─ It is shown here that when the product of the activity parameters of the neural circuit 
is not exceeded by unity (algebraically) a steady state is not possible in which all 
fibers of the circuit are active, whereas when this product is exceeded by unity, any 
stimulus pattern which is consistent with such a state of complete activity is incon-
sistent with any state of partial activity of the circuit [14]. 

─ Conditions under which either of two distinct activity patterns may arise from the 
same stimulus pattern are deduced for the case of a network which consists of N 
simple circuits all jointed at a common synapse. If the product of the activity param-
eters of all the fibers in any circuit is called the activity parameter of the circuit, or, 
more briefly, the circuit parameter, then the condition for the existence of such mu-
tually consistent activity patterns is that there be a sum of circuit parameters which 
is not less than unity [15]. 

Thus, at the beginning of 1942, the theory of biological neural networks based on Ni-
colas Rashevsky’s continuous two-factor model was created and intensively developed. 
As remembered by J. A. Anderson and E. Rosenfeld, at the boundary of two decades, 
Walter Pitts was introduced to Nicolas Rashevsky by Rudolf Carnap, and accepted in 
to his mathematical biology group [5]. In his early publication, Walter Pitts suggests “a 
new point of view in the theory of neuron networks is here adumbrated in its relation 
to the simple circuit: it is shown how these methods enable us to extend considerably 
and unify previous results for this case in a much simpler way” [33, p. 121]. With due 
consideration of Householder’s articles, Walter Pitts determines the total conduction 
time of a fiber as the sum of its conduction time and the synaptic delay at the postlimi-
nary synapse. Walter Pitts was the first to use spreadsheet abstraction and discrete de-
scription of neural network functioning by determining a corresponding algorithm: 
“The excitation-pattern of [neural circuit] C may be described in a matrix E, of n rows 
and an infinite number of columns, each of whose elements ers represents the excitation 
at the synapse sr during the interval (s, s+1). The successive entries in the excitation 
matrix E may be computed recursively from those in its first column – these are the 
quantities λr – by the following rule, whose validity is evident: Given the elements of 
the p-th column, compute those of the p+l-st thus: if the element eip is negative or zero, 
place σi+l in the i+l-st row and p+1-st column, or in the first row of the p+l-st column if 
i=n. Otherwise put σi+l+aieip, in this place. We shall say that C is in a steady-state during 
a series of n intervals (s, s+1), ..., (s+n–1, s+n) if, for every p between s and s+n, the p-
th and p+n-th columns of E are identical. If s is the smallest integer for which this is 
the case, we shall say that the steady state begins at the interval (s, s+1)” [33, pp. 121–
122]. Rather than analyzing the steady-state activity of networks, Walter Pitts was more 



concerned with initial nonequilibrium cases, and how a steady state could be achieved 
[2, p. 18]. 

The suggested algorithm describes a parallel neural network: “It will be seen that the 
construction of the matrix E implies that its infinite diagonals – where we take a diag-
onal to start again at the top of the succedent column whenever it reaches the last row 
of E – are wholly independent of one another, so that if we know the starting point of a 
diagonal of Es, we can calculate the entries along it uncognizant of any other values in 
the matrix. Physically, this of course means that the activity in C can be regarded as 
composed of wholly independent impulses, commencing originally at a synapse sj with 
a value λj, and journeying around C in irrelation to the impulses beginning at other 
synapses. We shall find it convenient to adopt this standpoint, and consider only the 
case of a single impulse, so that the complete solution must be derived by combining 
the results of our subsequent procedures for the separate diagonals, and a steady-state 
for the whole circuit is attained only when one has accrued for each separate diagonal 
[33, p. 122]. 

The results provided by Walter Pitts in his articles on the linear theory of neuron 
networks (the static problem [35] and the dynamic problem [34]), enabled him to draw 
two essential conclusions: (1) it is possible to find a set of independent networks each 
of which consists of n simple circuits with one common synapse (rosettes), such that 
network arises by running chains from the centers of the rosettes to various designated 
points outside: but none back, so that the state of the whole network is determined by 
the states of the separate rosettes independently – Pitts calls networks of this kind ca-
nonical networks [34, p. 29]; (2) given any finite network, it is possible to find a set of 
independent rosettes such that the excitation function of network for every region is a 
linear combination of those of the rosettes – i. e., we can reduce any network to a ca-
nonical network having the same excitation function [34, p. 31]. Thus, in his article of 
1943, Walter Pitts solves the inverse network problem, “which is, given a preassigned 
pattern of activity over time, to construct when possible a neuron-network having this 
pattern” [34, p. 23] by allowing creating problem-oriented neural networks. Tara H. 
Abraham indicates that adopting Householder’s model of neural excitation, Walter Pitts 
develops a simpler procedure for the mathematical analysis of excitatory and inhibitory 
activity in a simple neuron circuit, and aimed to develop a model applicable to the most 
general neural network possible [2]. 

“Psychometrika”, the official journal of the Psychometric Society (both founded in 
1935 by Louis Leon Thurstone, Edward Lee Thorndike and Joy Paul Guilford), is de-
voted to the development of psychology as a quantitative rational science. It has become 
another mouthpiece of Nicolas Rashevsky and his students, whose articles examine 
statistical methods, discuss mathematical techniques, and advance theory for evaluating 
behavioral data in psychology, education, and the social and behavioral sciences gen-
erally. Walter Pitts’s article “A general theory of learning and conditioning” has been 
published in this journal. “The field of conditioning and learning has attained a devel-
opment on the purely experimental side which renders it an excellent point for the entry 
of quantitative theory into psychology... The work of this kind done so far has been 
chiefly from two standpoints: the first ... attempts with some success to explain the 
phenomena directly upon a neurological basis, while the second ... prefers to elaborate 



first a macroscopic account of behavior per se, while leaving the neurological founda-
tions until a later stage. These two approaches are of course rather complementary than 
competitive: the development of theoretical neurology provides very many suggestions 
for macroscopic work, and the latter simplifies the neurological problem by requiring 
mechanisms to account for only a few general propositions instead of a multitude of 
facts in no obvious relation. ... We shall consider the results of our discussion applicable 
to all aspects of learning and conditioning in which the effect of symbolic or verbal 
factors is not of great significance; and within this field we shall deal with all eases of 
learning and conditioning in which independent or related stimuli, with given original 
tendencies to produce specified types of response, are distributed over time in specified 
intensities in an arbitrary way, continuous or otherwise; and in which affective stimu-
lation, if this form part of the experimental routine, is distributed in any given manner. 
In partial confirmation of our hypotheses, we shall point out how most of the principal 
experimental generalizations can be inferred from the theory, at least as regards com-
parative order of magnitude; while a rigid quantitative test would require data in a detail 
not ordinarily given in experimental results. The theory does not seem too difficult to 
verify in most of its aspects, however, by a fairly extended and precise set of experi-
ments, whose performance would also provide direct information upon a number of 
matters of considerable import upon which little data are available, and which, even if 
disconfirming our present system in some of its aspects, would assuredly make sugges-
tions leading to a better one of comparable range and generality.” [31, pp. 1-3] 

Part I [31] deals only with the case where the stimuli and responses are wholly inde-
pendent, so that transfer and generalization do not occur, and proposes a law of varia-
tion for the reaction-tendency, which takes into account all of classical conditioning 
and the various sorts of inhibition affecting it. Part II [32] extends a mathematical the-
ory of non-symbolic learning and conditioning, still under the hypothesis of complete 
independence, to cases where reward and punishment are involved as motivating fac-
tors. The preceding results are generalized to the case where stimuli and responses are 
related psychophysically, thus constituting a theory of transfer, generalization, and dis-
crimination. 

Another article of 1943, “A logical calculus of the ideas immanent in nervous activ-
ity” [26], published again in “Bulletin of Mathematical Biophysics”, has resulted from 
cooperation of Warren Sturgis McCulloch and Walter Pitts and is considered one of the 
most famous papers on artificial neural networks. They stated five physical assumptions 
for nets without circles [26, p. 118]: 

1. The activity of the neuron is an “all-or-none” process [any nerve has a finite thresh-
old and the intensity of excitation must exceed this for production of excitation – 
once produced, the excitation proceeds independently of the intensity of the stimu-
lus]. 

2. A certain fixed number of synapses must be excited within the period of latent addi-
tion [time during which the neuron is able to detect the values present on its inputs, 
the synapses – typically less than 0.25 msec] in order to excite a neuron at any time, 
and this number is independent of previous activity and position on the neuron. 



3. The only significant delay within the nervous system is synaptic delay [time delay 
between sensing inputs and acting on them by transmitting an outgoing pulse, – typ-
ically less than 0.5 msec]. 

4. The activity of any inhibitory synapse absolutely prevents excitation of the neuron 
at that time. 

5. The structure of the net does not change with time. 

The neuron described by these five assumptions is known as the McCulloch-Pitts neu-
ron [7, p. 17]. In the same way as propositions in propositional logic can be “true” or 
“false,” neurons can be “on” or “off” – they either fire or they do not: this formal equiv-
alence allowed them to argue that the relations among propositions can correspond to 
the relations among neurons, and that neuronal activity can be represented as a propo-
sition [2, p. 19]. “In this way all nets may be regarded as built out of the fundamental 
elements of Figures a, b, c, d, precisely as the temporal propositional expressions are 
generated out of the operations of precession, disjunction, conjunction, and conjoined 
negation. In particular, corresponding to any description of state, or distribution of the 
values true and false for the actions of all the neurons of a net save that which makes 
them all false, a single neuron is constructible whose firing is a necessary and sufficient 
condition for the validity of that description. Moreover, there is always an indefinite 
number of topologically different nets realizing any temporal propositional expression” 
[26, p. 121]. 

Fig. 5 reveals fundamental elements of McCulloch-Pitts neural networks. The trian-
gle depicts the neuron body, figures in the triangles are neuron numbers, lines are axons, 
dots adjacent to neurons are excitatory synaptic connections, open circles adjacent to 
the neuron are inhibitory synaptic connections. In author’s expressions for the figures, 
the dots on either side of the “≡” symbol act as separators, ≡ act as biconditional logical 
connectives (logical equivalence), single dots act as conjunction (logical AND),  act 
as disjunction (logical OR), and  act as negation (logical NOT). 

In Fig. 5(a), neuron 2 will fire if and only if neuron 1 fires. Logically, this corre-
sponds to the expression N2(t)  N1(t–1), which can be read as “neuron 2 will fire at 
time (t) if and only if neuron 1 fires at time (t–1)”. Fig. 5(b) shows a network that is 
isomorphic with the Boolean function “OR” in propositional logic. Its expression, 
N3(t)  N1(t–1)  N2(t–1) means that neuron 3 will fire at time (t) if and only if neuron 
1 fires or neuron 2 fires at time (t–1). Fig. 5(c) demonstrates the Boolean “AND” func-
tion. The expression N3(t)  N1(t–1)  N2(t–1) means that neuron 3 will fire at time (t) 
if and only if neuron 1 fires at time (t–1) and neuron 2 fires at time (t–1). Warren Sturgis 
McCulloch and Walter Pitts don’t provided an example of the ‘clean’ Boolean “NOT” 
function – instead it they use a conjoined negation with the instance of an inhibitory 
neuron. The logical expression N3(t)  N1(t–1)  N2(t–1) corresponding to Fig. 5(d), 
means that neuron 3 will fire at time (t) only if neuron 1 fires at time (t–1) and neuron 
2 does not fire at time (t–1). 

In [26], there is a set of theorems that “does in fact provide a very convenient and 
workable procedure for constructing nervous nets to order, for those cases where there 
is no reference to events indefinitely far in the past in the specification of the condi-
tions” [26, pp. 121–122]. Warren Sturgis McCulloch and Walter Pitts appear to be the 



first authors since William James to describe a massively parallel neural model. The 
theories they developed were important for a number of reasons, including the fact that 
any finite logical expression can be realized by networks of their neurons. 

 

Fig. 5. Fundamental elements of McCulloch-Pitts neural networks 

Combining simple “logical” neurons in chains and cycles, the authors show that the 
brain is able to perform any logical operation and arbitrary logical calculations. The 
paper is essential for developing computing machines as it allows creating a universal 
computer operating with logical expressions (in the hands of John von Neumann, the 
McCulloch-Pitts model becomes the basis for the logical design of digital computers 
[6, p. 180]): “It is easily shown: first, that every net, if furnished with a tape, scanners 
connected to afferents, and suitable efferents to perform the necessary motor-opera-
tions, can compute only such numbers as can a Turing machine; second, that each of 
the latter numbers can be computed by such a net; and that nets with circles can be 
computed by such a net; and that nets with circles can compute, without scanners and 
a tape, some of the numbers the machine can, but no others, and not all of them. This 
is of interest as affording a psychological justification of the Turing definition of com-
putability and its equivalents, Church’s λ-definability and Kleene’s primitive recursive-
ness: If any number can be computed by an organism, it is computable by these defini-
tions, and conversely.” [26, pp. 121–122] 



In the same issue of “Bulletin of Mathematical Biophysics”, in which [26] was pub-
lished, Herbert Daniel Landahl (the first doctoral student in Nicolas Rashevsky’s math-
ematical biology program at the University of Chicago, who became the second Presi-
dent of the Society for Mathematical Biology in 1981), Warren Sturgis McCulloch and 
Walter Pitts published a short (about 3 pages), yet essential addition [23], suggesting a 
method for converting logical relations among the actions of neurons in a net into sta-
tistical relations among the frequencies of their impulses. In the presented theorem, they 
detailed transition from Boolean calculations (in “true” and “false”) to probabilistic 
ones (numbers within [0; 1]): the conjunction sign  is replaced by +, the disjunction 
sign (single dot) is replaced by , negation  is replaced by «1 –», etc. The correspond-
ence expressed by this theorem connects the logical calculus of the [26] with previous 
treatments of the activity of nervous nets in mathematical biophysics and with quanti-
tatively measurable psychological phenomena. 

The monograph by Alston Scott Householder and Herbert Daniel Landahl “Mathe-
matical Biophysics of the Central Nervous System” has become a kind of conclusion 
of the discussed period [12]. In Paul Cull’s opinion, there is no unambiguous answer to 
the question which model is better, the Rashevsky continuous model or the McCulloch-
Pitts discrete model: “For some purposes, one model is better, but for other purposes, 
the other model is better. Rashevsky and Landahl were quick to notice, that in physics, 
one often averaged over a large set of discrete events to obtain a continuous model 
which represented the large scale behavior of a system, and so they posited that the 
continuous neuron model might be suitable for modeling whole masses of neurons even 
if each individual neuron obeyed a discrete model. In the hands of Householder and 
Landahl, this observation led to the idea of modeling psychological phenomena by neu-
ral nets with a small number of continuous model neurons. In particular, they found 
that the cross-couple connection [Fig. 6] was extremely useful. For such problems as 
reaction time, enhancement effects, flicker phenomena, apparent motion, discrimina-
tion and recognition, they were able to fit these models to experimental data and to use 
their models to predict phenomena that could be measured and verified” [6, p. 180]. 

 

Fig. 6. This cross-couple connection of four neurons is capable of modeling a large number of 
phenomena (according to [6]) 

In 1945, Nicolas Rashevsky wrote about [26] and [23]: “authors show that by applying 
logical calculus, it is possible to construct any complicated network having given prop-
erties. One could attempt to construct by the method of McCulloch and Pitts a network 
that would represent all modes of logical reasoning, and then apply the usual methods 
of mathematical biophysics to derive some quantitative relations between different 
manifestations of the processes of logical thinking” [43, p. 146]. “It seems somewhat 



awkward to have to construct by means of Boolean algebra first a "microscopic circuit" 
and then obtain a simpler one by a transition to the "macroscopic" picture. We should 
expect that a generalization of the application of Boolean algebra should be possible so 
as to permit its use for the construction of networks in which time relations are of a 
continuous rather than of a quantized, nature” [45, p. 211]. 

Nicolas Rashevsky intensively develops the apparatus created by McCulloch and 
Pitts in his further papers. In [46] a theory of such neural circuits is developed which 
provide for formal logical thinking. As a by-product of this study, a neural mechanism 
is indicated which provides for the conception of ordinal numbers. A quantitative the-
ory of the probability of erroneous reasoning and of the speed of reasoning in its rela-
tions to other psychological phenomena is suggested. Predicate apparatus application 
enables Nicolas Rashevsky synthesizing huge neural networks from single-type funda-
mental elements of McCulloch-Pitts (Fig. 7). 

 

Fig. 7. Nicolas Rashevsky’s complex neural network example (from [46, p. 32]) 

In their paper of 1946, Herbert Daniel Landahl and Richard Runge [24] make the next 
move towards spreadsheet interpretation of neural networks: the activity of a neural net 



is represented in terms of a matrix vector equation with a normalizing operator in which 
the matrix represents only the complete structure of the net, and the normalized vector-
matrix product represents the activity of all the non-afferent neurons. 

Let a net of n neurons be divided into afferents, efferents, and internal neurons. We 
shall only mean by an afferent a neuron not acted upon by any neuron in the net under 
consideration. Similarly, an efferent is a neuron which does not act on any other neuron 
in the net. We may, however, refer to the afferents as receptors and the efferents as 
effectors. Let the ρ receptor neurons be N1, N2, ..., Nr, ..., Nρ, the ι internals be Nρ+1, ..., 
Ni, ..., Nρ+ι and the ε effector neuron be Nn–ε+1, ..., Ne, ..., Nn. Define a structure matrix 
F as a square matrix having the row and column indices 1, 2, ..., n corresponding to the 
n neurons such that 

 1 ... r ... ρ ρ+1 ... i ... ι (n–ε+1) ... e ... n  

1 0 FR FX  

F=|fjk|=   0 FI FE (2) 

n 0 0 0  

 
Each element in row j determines which neurons are acted upon by neuron Nj and in 

what manner. Similarly each element in column k determines which neurons act upon 
Nk and in what manner. The matrices FR, FX, FI, and FE, appearing in equation (2), 
determine respectively the relationships receptor-internal, receptor-effector, internal-
internal, and internal-effector. Define the matrix R as the n  n matrix, obtained from F 
by substituting zeros for all elements except those of FR. Define in a similar way the 
matrices X, I, and E. We shall assume that no neuron acts upon itself so that fkk = 0 for 
all k, and F and FI have all diagonal elements equal to zero. 

If any row α in F contains only positive or zero elements, then Nα is a purely excita-
tory neuron. If any row β in F contains only negative or zero elements, then Nβ is a 
purely inhibitory neuron. If both positive and negative elements occur in a given row, 
the corresponding neuron may be referred to as a mixed neuron.  

Define the (1  n) row matrix or vector a, by 

 a(t)=(a1, ..., ar, ..., aρ, aρ+1, ..., ai, ..., aι, an–ε+1, ..., ae, ..., an), (3) 

where any element aj is 1 or 0 depending on whether Nj does or does not act at the time 
t. The vector a(t) may be referred to as the activity vector at the time t. This vector may 
be written as the sum of three (1  n) vector components, r, i, e, the receptor, internal, 
and effector components having the respective set of elements ar, ai, and ae only, and 
zeros elsewhere. The scalar quantity ��(�) given by the sum 
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���

,																												(4) 

taken over a class β of neurons which is defined as the class of all neurons synapsing 
on Nk which are active at t–l, gives a measure of the net excitation affecting the neuron 
Nk. A vector �(�), whose components for k > ρ are the values of ��(�) and for k ≤ ρ – 
the values of ak(t), can be expressed as 

 �(�)=r(t)+a(t–1)F. (5) 

In order to normalize �(�), let � be a post-operator on a row vector, such that, if 
[��]� is the kth component of the vector [��](�), 

 [��]� = �
1	if	�� ≥ 1,
0	if	�� < 1.

 (6) 

Since � operates only on a vector appearing just to the left of it, and not on a matrix, 
the expression (��)� may be written ��� (the parenthesis could not be eliminated if a 
pre-operator were used). Equation (5) may be written 

 a(t)=�(�)�=[r(t)+a(t–1)F]�. (6) 

According to the given theorem [61, p. 78], the activity of any net represented by a 
structure matrix F is determined from the afferent stimulation and its activity at the 
beginning of the prior interval of time according to the equation 

 a(t)=r(t)+a(t–1)F�. (7) 

Equation (8) leads to the recursion formula 

 a(t)=r(t)+{r(t–1)+[r(t–2)+... + [r(2)+[r(1)+a(0)]F�]F�]... F�]F�}F�. (8) 

The vector quantity between the first and last brackets in expression (9) is simply 
the vector a(t–1). 

Thus if the structure of a net is known together with a sequence of r’s, r(0), r(1), ..., 
r(τ–1), and the initial activity of the internal neurons i(0), it is possible from equation 
(9) to determine the activities of the net for any time t from 0 to τ, a(1), a(2), ..., a(τ). 

Because of the character of the structure matrix F, equation (8) may be written as a 
pair of equations 

 i(t)=[r(t–1)R+i(t–1)I]�, (9) 

 e(t)=[r(t–1)X+i(t–1)E]�, (10) 

from which one may determine successively i(t) and e(t) for every t. For both i(t) and 
e(t) formulas similar to expression (9) can be written. 

From equation (10), it is evident that the sequence of i’s can be determined from a 
knowledge of the afferent-internal structure and internal-internal structures, together 



with the sequence of afferent activities and an initial internal activity pattern. On the 
other hand, to determine the sequence of e’s, that is, the pattern of the efferent activity, 
one must also know the rest of the structure of the net. 

Every row and column of F, excluding the first ρ columns and last ε rows, contains 
at least one non-zero entry; otherwise, it represents an afferent or efferent. If only one 
non-zero entry occurs in any column, it may be replaced by unity, for if it is less than 
one, the neuron of the corresponding column can never act, and thus this neuron should 
be deleted. Furthermore, there is no restriction to set an element equal to one, if this 
element is greater than one. 

Authors give an example of the application of the presented in [24] method – the 
matrix F for the circuit illustrated in Fig. 8. 

 

Fig. 8. Figure 1e of the paper “A logical calculus of the ideas immanent in nervous activity” 
[26] 

  1 2 a b 3 4 

 1 

0 
0 0 1 0 

 2 1 -1 0 ½ 

F= 
a 

0 
0 1 0 ½ 

b 0 0 1 0 
 3 

0 0 0 
 4 

 
If the net is initially at rest, then, according to [26], the expression for neuron 3 is 

N3(t)  N1(t-1)  N2(t–3)  N2(t–2) and the condition for the activity of neuron 3 at 
t=0, is either that neuron 2 acts at t=–3 but not at t=–2; or that neuron 1 acts at t=–1. 
That is, the sequence of r’s, writing only the ar, components, r(–3)=(0, 1), r(-2)=(0, 0), 
r(–1)=(0, 0) as well as the sequence r(–1)=(1, 0) is adequate to produce activity in neu-
ron 3. Assume that r(t)=0 for all t≥0. If r(–3)=(0, 1) then from equation (8) 
a(-2)=(0, 0; 1, –1; 0, ½)�=(0, 0; 1, 0; 0, 0), a(–1)=(0, 0; 0, 1; 0, 0), and 
a(0)=(0, 0; 0, 0; 1, 0), so that e(0), writing only the ae components is e(0)=(1, 0), that 
is, neuron 3 acts but 4 does not. Similarly if r(–1)=(1, 0) then from equation (8) 
e(0)=(1, 0). For both sequences a(1)=0. 

The expression for neuron 4 is N4(t)  N2(t–2)  N2(t–1), the condition for neuron 
4 to act as t=0 is that neuron 2 acts at t=–2 and at t=–1. If r(–2)=(0, 1) and r(–1)=(0, 1), 
then from equation (8) a(–1)=(0, 1; 1, 0; 0, 0) and a(0)=(0, 0; 1, 0; 0, 1), so that neuron 
4 acts but 3 does not. For this sequence a(1)=(0, 0; 0, 1; 0, 0) and a(2)=(0, 0; 0, 0; 1, 0) 



so that neuron 3 always acts as a unit of time after discontianuation of continuous stim-
ulation of neuron 2. 

In a paper [24] a method was given by which the efferent activity of an idealized 
neural net could be calculated from a given afferent pattern. Those results are extended 
in the next-year paper [25]: (1) conditions are given under which nets may be consid-
ered equivalent, (2) rules are given for the reduction or extension of a net to an equiva-
lent net, (3) a procedure is given for constructing a net which has the property of con-
verting each of a given set of afferent activity patterns into its corresponding prescribed 
efferent activity pattern. 

Telson Wei develops another approach to matrix representation of a neural network 
[63]. The structure of a complete or incomplete neural net is represented here by several 
matrices: the intensity matrix E, the connection matrix D, the structural matrix T, the 
diagonal inverse threshold-matrix H, and activity vector a from [24; 25]. The activity 
equation of the net follows in a general form. A chain or cycle is defined as a neural 
structure whose connection matrix is unitary. Telson Wei computes the number of sim-
ple chains by a recurrent formula. 

In their paper of 1948 [51], Alfonso Shimbel and Anatol Rapoport (pioneered in the 
modeling of parasitism and symbiosis, researching cybernetic theory) develop a prob-
abilistic approach to the theory of neural nets: neural nets are characterized by certain 
parameters which give the probability distributions of different kinds of synaptic con-
nections throughout the net. In their further papers, they consider steady states in ran-
dom nets [37; 42] and contribution to the probabilistic theory of neural nets: randomi-
zation of refractory periods and of stimulus intervals [38], facilitation and threshold 
phenomena [39], specific inhibition [40] and various models for inhibition [41]. 

The last joint article by Walter Pitts and Warren Sturgis McCulloch, “How we know 
universals the perception of auditory and visual forms”, in “Bulletin of Mathematical 
Biophysics” came out in 1947. “Numerous nets, embodied in special nervous struc-
tures, serve to classify information according to useful common characters. In vision 
they detect the equivalence of apparitions related by similarity and congruence, like 
those of a single physical thing seen from various places. In audition, they recognize 
timbre and chord, regardless of pitch. The equivalent apparitions in all cases share a 
common figure and define a group of transformations that take the equivalents into one 
another but preserve the figure invariant. So, for example, the group of translations 
removes a square appearing at one place to other places; but the figure of a square it 
leaves invariant. ... We seek general methods for designing nervous nets which recog-
nize figures in such a way as to produce the same output for every input belonging to 
the figure. We endeavor particularly to find those which fit the histology and physiol-
ogy of the actual structure.” [30, pp. 127–128] 

Two neural mechanisms are described which exhibit recognition of forms. Both are 
independent of small perturbations at synapses of excitation, threshold, and synchrony, 
and are referred to particular appropriate regions of the nervous system, thus suggesting 
experimental verification. The first mechanism averages an apparition over a group, 
and in the treatment of this mechanism it is suggested that scansion plays a significant 
part. The second mechanism reduces an apparition to a standard selected from among 



its many legitimate presentations. The former mechanism is exemplified by the recog-
nition of chords regardless of pitch and shapes regardless of size. Both are extensions 
to contemporaneous functions of the knowing of universals heretofore treated by the 
authors only with respect to sequence in time. 

“We have focused our attention on particular hypothetical mechanisms in order to 
reach explicit notions about them which guide both histological studies and experiment. 
If mistaken, they still present the possible kinds of hypothetical mechanisms and the 
general character of circuits which recognize universals, and give practical methods for 
their design. These procedures are a systematic development of the conception of re-
verberating neuronal chains, which themselves, in preserving the sequence of events 
while forgetting their time of happening, are abstracted universals of a kind. Our cir-
cuits extend the abstraction to a wide realm of properties. By systematic use of the 
principle of the exchangeability of time and space, we have enlarged the realm enor-
mously. The adaptability of our methods to unusual forms of input is matched by the 
equally unusual form of their invariant output, which will rarely resemble the thing it 
means any closer than a man’s name does his face.” [30, p. 146] 

Thus, the models and methods developed by Walter Pitts and Warren Sturgis McCul-
loch have created a foundation for designing a new type of computers – neurocomputers 
based on human brain principles and able to solve tasks of recognizing distorted (noisy) 
images. 

5 Conclusions 

1. Extensive application of artificial intelligence in everyday life calls for students’ 
early acquaintance with its models and methods including neural network-based 
while teaching informatics at secondary schools. It conditions the need for develop-
ing training methods of computer simulation of neural networks in the general-pur-
pose simulation environment, i.e. spreadsheets. 

2. Basic solutions of the problem of computer simulation training of neural networks 
in the spreadsheet environment include: 1) joint application of spreadsheets and net-
work simulation tools; 2) application of third-party add-ins to spreadsheet proces-
sors; 3) macros development using embedded languages of spreadsheet processors; 
4) application of standard spreadsheet add-ins for non-linear optimization; 5) crea-
tion of neural networks in the spreadsheet environment without add-ins and macros. 

3. Neural network simulation competences should be formed through mastering mod-
els based on the historical and genetic approach. The review of papers on computa-
tional neuroscience of its early period allows determining three groups of models, 
which are helpful for developing corresponding methods: the continuous two-factor 
model of Rashevsky, the discrete model of McCulloch and Pitts, and the discrete-
continuous models of Householder and Landahl. 

4. Further research implies considering mathematical models of the Age of Camelot 
and developing their spreadsheet interpretations of various complexity. 
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Abstract. Analysis of the standards for the preparation of electromechanics in 
Ukraine showed that the electromechanic engineer is able to solve complex spe-
cialized problems and practical problems in a certain area of professional activity 
or in the process of study. These problems are characterized by complexity and 
uncertainty of conditions. The main competencies include social-personal, gen-
eral-scientific, instrumental, general-professional and specialized-professional. 
A review of scientific publications devoted to the training of electromechanics 
has shown that four branches of engineering are involved in the training of elec-
tromechanical engineers: mechanical and electrical engineering (with a common 
core of electromechanics), electronic engineering and automation. The common 
use of the theory, methods and means of these industries leads to the emergence 
of a combined field of engineering – mechatronics. Summarizing the experience 
of electrical engineers professional training in Ukraine and abroad makes it pos-
sible to determine the main directions of their professional training moderniza-
tion. 

Keywords: electromechanics, competencies, bachelors training program. 

1 Introduction 

The professional training of electromechanics bachelors in higher educational institu-
tions of Ukraine is carried out in 38 universities of Ukraine within the knowledge sector 
0507 – electrical engineering and electromechanics (from 1 Sept. 2015 – within 
knowledge sector 14 – electrical engineering). Now the licensed volume of admission 
to the bachelor’s degree in electromechanics is 6065 students, the state order is 1108, 
the number of applicants enrolled in the first year is 1217. The direction of “Electro-
mechanics” training is one of the few, according to which in 2012 the excess of the 
number entrants enrolled on the first year the volume of the state order (more than 10% 
more than the state orders volume). The related direction “Electrical engineering and 



electrotechnology” is also state and socially significant (Fig. 1). According to the Res-
olution of the Cabinet of Ministers of Ukraine No. 266 dated April 29, 2015, these 
directions are united in specialty 141 “Electricity, electrical engineering and electrome-
chanics”. 

 

Fig. 1. The value of the state order in the areas of knowledge preparation 0507 – electrical engi-
neering and electromechanics (according to [3]) 

2 General and professional competence of electrical 

engineers in Ukraine 

The components of the sectoral standard of higher education in Ukraine (educational-
professional program [22] and educational qualification characteristic [23] and ways of 
diagnosing the quality of higher education) are approved by the Order of the Ministry 
of Education and Science of Ukraine dated November 12, 2014, No. 1308. According 
to Educational qualification characteristics of the bachelor of electromechanics, gradu-
ates of the bachelor’s degree have the qualification 2149.2 – junior electrical engineer 
with a generalized object of activity – “electric machines and apparatuses, electric 
drives, electric transport, electromechanics and systems, complexes, devices and equip-
ment” [22, p. 6]. According to [5], electromechanical engineers have to be prepared for 
the development, maintenance and installation of automated, servomechanical and 
other electromechanical systems, in particular testing of prototype equipment, produc-
tion and operational tests, system analysis, maintenance procedures, reports prepara-
tion. 

Native bachelor of electromechanics should be prepared for these types of work in 
the processing industry field: 



 

1. electric equipment production: electric motors, generators, transformers, distribution 
and control equipment, electric household appliances and other electric equipment; 

2. production of machinery and general purpose equipment: engines and turbines, hy-
draulic and pneumatic equipment, bearings, gearing, mechanical gears and drives, 
lifting and handling equipment, manual electromechanical and pneumatic tools, in-
dustrial refrigeration and ventilation equipment; 

3. metal-working machinery and machine tools production, machinery and metallurgi-
cal equipment, mining and construction, food and beverage manufacturing, tobacco 
processing, textile, sewing, fur and leather goods, paper and cardboard, plastics and 
rubber; 

4. motor vehicles manufacturing, trailers and semitrailers: units, parts and accessories 
for motor vehicles, electric and electronic equipment, etc.; 

5. other vehicles manufacturing: vessels and floating structures construction, pleasure 
and sports boats, railway locomotives and rolling stock, military vehicles, other ve-
hicles and equipment; 

6. repair and installation of machinery and equipment: repair and maintenance of fin-
ished metal products, machinery and equipment of industrial purpose, electrical 
equipment, ships and boats, other vehicles, other machinery and equipment, instal-
lation and installation of machinery and equipment. 

According to Level 6 of the National Qualification Framework, a junior electrome-
chanic is able to solve complex specialized problems and practical problems in a par-
ticular field of professional activity or in the process of learning that involves the ap-
plication of certain theories and methods of the corresponding science and it’s charac-
terized by complexity and uncertainty of the conditions. 

The description of the qualification level of the bachelor of electromechanics in-
cludes: 

1. knowledge: 

─ conceptual knowledge gained in the process of learning and professional activity, 
including certain knowledge of contemporary achievements; 

─ critical understanding of the basic theories, principles, methods and concepts in 
teaching and professional activities; 

2. abilities: 

─ solving unpredictable tasks and problems in specialized areas of professional activity 
or training, which involves the collection and interpretation of information (data), 
the choice of methods and tools, the application of innovative approaches; 

3. communication skills: 

─ reporting to specialists and non-specialists of information, ideas, problems, decisions 
and own experience in the field of professional activity; 

─ the ability to effectively formulate a communication strategy; 

4. ability of autonomy and responsibility: 



─ complex actions or projects manegement, responsibility and decision-making in un-
predictable conditions; 

─ responsibility for the professional development of individuals and / or groups of peo-
ple; 

─ ability to further study with a high level of autonomy. 

For this purpose the bachelor of electromechanics should acquire the following produc-
tion functions [23, p. 14-15]: 

─ research – aimed at the collection, processing, analysis and systematization of sci-
entific and technical information on the direction of work and its use for creative 
decision-making of research tasks on the basis of scientific and heuristic methods); 

─ design (design and development) – the function is aimed at carrying out a purposeful 
sequence of actions for the synthesis of systems or their individual components, the 
development of documentation necessary for the implementation and use of objects 
and processes; 

─ organizational – is aimed at streamlining the structure and interaction of the constit-
uent elements of the system in order to reduce uncertainty, as well as increase the 
efficiency of the use of resources and time; 

─ managerial – aimed at achieving the goal, ensuring the sustainable functioning and 
development of systems through information exchange; 

─ technological – aimed at realizing the goal of known algorithms; 
─ control – is aimed at exercising control within the scope of its professional activities 

in the scope of official duties; 
─ prognostic – a function that provides the opportunity, on the basis of analysis and 

synthesis, to carry out predictions in professional activity; 
─ technical – aimed at performing technical work in professional activities. 

The junior electrician is also able to perform the following professional work: 

─ professionals in electric engineering field: Major Electromechanical Captain, Major 
Electromechanic-Commander, Power-Engineer; 

─ professionals in other engineering fields: electrician, junior electrician, mining engi-
neer, engineer, engineer for the introduction of new equipment and technology, en-
gineer for system management and maintenance, engineer-designer, repair engineer, 
engineer for metrology, engineer in the organization of operation and repair, engi-
neer of production preparation; 

─ Electrical technicians: electromechanician, ship electromechanician, electromecha-
nician of the vessel electrical equipment, electromechanician of the underwater ve-
hicle, group transloading machines electromechanician, electromechanician of lift-
ing installations, electromechanics of underground sections, electromechanician-
mentors, telecommunication electromechanincian, electromechanician dispatcher, 
district electrician, shopfloor electrician, electricsman; 

─ technical specialists in the field of extractive industry and metallurgy, technician-
electromechanicians mining; 



 

─ ships specialists: electromechanician of the group fleet, electromechanics of the lin-
ear fleet, mechanic (electromechanician) (ship) – skipper, authorized to accept ships 
from shipbuilding factories. 

The basic competencies determined by the educational qualification characteristics of 
electromechanics bachelor include the following: social-personal, general-scientific, 
instrumental, general-professional and specialized-professional. 

National Center for Educational Statistics of the US Department of Education branch 
of knowledge 0507 – Electrical engineering and electromechanics are divided into sep-
arate branches of knowledge: 15.03 – Electrical Engineering Technologies and 15.04 – 
Electromechanical Instrumentation and Maintenance Technologies [5]. The following 
areas of training are included in the field of knowledge 15.04: biomedical technologies, 
electromechanical technologies and electromechanical engineering, measuring instru-
ments, robotics technologies, automation technologies, electromechanical measuring 
instruments and their servicing. 

Thus, in the training of electromechanical engineers, four branches of engineering 
are involved: mechanical and electrical engineering (with a common core of electro-
mechanics), electronic engineering and automation. The common use of the theory, 
methods and means of these industries leads to the emergence of a combined field of 
engineering – mechatronics (Fig. 2). 

Uday Shanker Dixit defines mechatronics as “a synergetic integration of mechanical 
engineering with electrotechnics and / or electronics, and possibly with other disci-
plines, for the purpose of designing, manufacturing, operating and maintaining a prod-
uct” [6, p. 75]. 

Despite the lack of a holistic study of the process of training engineers-electrome-
chanics in domestic and foreign works, some components of this process were consid-
ered in a number of theses devoted to the training of electricians. 

Giuzel S. Sagdeeva distinguishes the general intellectual qualities of the engineer’s 
personality on the operation of electrical devices: ability to concentrate attention, ability 
to allocate essential features, ability to make a deliberate decision in a difficult technical 
situation, ability to manage and organize the work of personnel, ability to work with 
schemes and drawings, content in the memory of devices, models and devices, the abil-
ity to self-improvement [39, p. 9]. 

These qualities of an engineer’s personality are the result of the formation of intel-
lectual competence, the acquisition of which provides the basis for: the development of 
students of all components of the content of education; solving various life and profes-
sional problems; overcoming stereotypes and patterns of thinking; development of abil-
ities to flexible variational perception and assessment of events occurring; reflection 
and consolidation of the experience of effective activity and success in a competitive 
environment. Sagdeeva’s intellectual competence is defined as “metastability, which, 
by defining the degree of development by the subject of a certain domain, is character-
ized by a special type of organization of subject-specific knowledge and effective de-
cision-making strategies in this subject area”, distinguishing in its structure the follow-
ing components: motivational, cognitive and metacognitive. The components of the 
motivational component are: readiness of students for self-education and development; 



the presence of motives that lead to cognitive activity; personality orientation. The cog-
nitive component includes the ability to work with information: the ability to search, 
structure, transform, transfer information from one method of encoding to another; abil-
ity to make generalizations, conclusions, to highlight the main thing; the ability to com-
pile cognitive schemes of mental activity, algorithms for solving problems. The meta-
cognitive component is represented by the skills and abilities of intellectual self-man-
agement and self-organization: it is the ability to set goals, to plan, evaluate, control the 
cognitive activity, the ability to self-assess and reflexive analysis. 

 

Fig. 2. Mechatronics as a combined branch of engineering  

The conditions of intellectual competence of future electricians’ development are: 

1. simulation of intellectual and developmental situations in accordance with the psy-
chological patterns and mechanisms of development of intellectual competence, tak-
ing into account the features of the future profession; 

2. inclusion of students in various types of research activities aimed at the development 
and enrichment of invariant intellectual structures of the individual; improvement of 



 

student research methods based on the disclosure and formation of individual styles 
of intellectual activity;  

3. development of psychological and pedagogical support of the process of training 
future electricians, which implements stimulating, diagnostic and corrective func-
tions [39, p. 12-16]. 

The development of intellectual competence contributes to the formation of profes-
sional electrical thinking directed, according to Larisa N. Vishniakova, to the 
knowledge, understanding and transformation of electrotechnical objects, phenomena, 
processes and relations: “the essence of professional electrical engineering is mani-
fested in its laws, namely, in natural conformance (based on the experience of human 
interaction with the biosphere, technosphere, society), cultural correspondence (associ-
ated with the mastery of general-professional and special knowledge and skills that are 
presented to the profession of social order of society) and the optimum combination of 
(relatively stable asymmetric harmony or complementarity) natural intuition of fore-
sight and intellectual discipline in the performance of cognitive training and profes-
sional action” [44]. 

In its development, the professional electrical engineering of the student passes the 
following levels: elementary-empirical (zero), student, methodical, search. The transi-
tion of professional electrical thinking from one level to another is associated with tran-
sitions in intellectual development: electrical engineering – electrotechnical educa-
tion – professional competence – electrical engineering and technological culture. 

Elena V. Shishchenko [40] and Aleksandr V. Gamov [13] considered the formation 
and development of professional competencies of students on the basis of interdiscipli-
nary integration. According to Shishchenko, “the interdisciplinary integration of 
knowledge contributes to competent education, person-oriented technologies of learn-
ing, technology of developmental learning, project method, block-module training, 
contextual training, wide-profile training of specialists, adult learning technology , ori-
ented to the perception and assimilation of knowledge, representing a coherent system; 
on the formation of skills to perform certain operations, tasks (including research, cre-
ative), associated with their professional activities” [40, p. 5]. Integration of electrical 
engineering disciplines (theoretical electrical engineering, electrical measurements, 
electronic equipment, electric machines, electric drive and converters) contributes to 
solving the contradiction between the fast-changing elemental base of electrical instal-
lations and aggregates, which are constantly complicated by their algorithmic structure 
and circuitry, on the one hand, and some conservatism of typical programs and tutorials 
that contain information on individual, often outdated, electrical installations, on the 
other hand [40, p. 7]. 

Dixit takes notice that modern training engineers and electricians must be based on 
a top-down approach in which first provided a general idea of the final product, though 
not in great detail the form and then studied in detail subsystem system. This is due to 
the fact that such training involves many disciplines from different fields of engineer-
ing, so students should get an idea of how they will be integrated, “the integration of 
different disciplines is an essential part mechatronics” [6, p. 86]. 



Gamov adds that “the integrative approach reveals the possibilities of developing 
professional competences on the basis of integration: general-professional, special dis-
ciplines and information technologies; technologies of problem and modular learning; 
methods of classical calculation and modeling of electrodynamic systems” [13, p. 11]. 

Thus, the level of the formation of professional competence of masters of electrical 
engineering direction Galina Iu. Dmukh [7] determines the degree of development of 
the following competencies: research (the collection, analysis, processing and system-
atization of scientific and technical information, the ability to participate in all phases 
of research, the ability to use the achievements of science and technology, advanced 
national and foreign experience); operational (ability to carry out examination of tech-
nical documentation, supervision and control over the state of technological processes 
and operation of equipment, ability to effectively use natural resources, materials and 
energy); design (the ability to carry out a comprehensive technical and economic anal-
ysis, knowledge of methods for conducting technical calculations and determination of 
the economic efficiency of research and development, knowledge of the principles of 
work, technical, design features of the developed and used technical means); produc-
tion-technological (knowledge of technology for the design, production and operation 
of products and facilities for technological equipment); organizational and managerial 
(interaction with specialists of the related profile). From the experience of masters of 
electromechanics at the Royal Institute of Technology (Sweden), Mats Hanson came to 
the conclusion that the most useful project in the teaching of mechatronics is the design-
oriented approach [14]. 

The separation of the competences of the future specialist in the electromechanical 
profile in the process of simulation of professional training, according to Natalia P. 
Motorina [31], should be carried out on the basis of a specialist’s model, the compo-
nents of which are: 

─ identification of a range of main tasks solved by a modern electromechanician 
(model of activity); 

─ definition of the complex necessary for a specialist knowledge, skills and profes-
sional skills based on the model of activity (model of training); 

─ clarification of the necessary professional qualities of the specialist (model of per-
sonal qualities); 

─ preparation for the acquisition of perspective directions of development for this spe-
cialty, based on the forecast of its development for the next 15-20 years (model of 
the prospects of the specialty). 

According to the results of modeling, the design and implementation of the profile ed-
ucation system (Sergei N. Kashkin [17] vocational training and retraining of specialists 
on the basis of the theory of continuous multi-level vocational education is carried out. 
Sergei A. Pchela [34] established the following pedagogical regularities of continuity, 
characteristic for the continuous training of specialists: structural, procedural and con-
tent continuity determine the content of educational programs, the content and quality 
of teaching and methodological provision of training, the level and quality of material 
and technical provision of training, the order and sequence of theoretical and practical 
training, the choice of forms and methods of teaching, types of educational activities 



 

and methods for diagnosing the level of professional training of specialists, the level of 
per training, training of teachers for the implementation of quality education programs. 
Elena A. Dragunova [8] notes that in this approach, the quality of training can be im-
proved, in particular, through the use of modern software for distance learning and the 
possibilities of Internet technologies. 

The purpose of continuous multi-level vocational education is the training of skilled 
professionals capable of navigating in ever-changing reality, mastering new modern 
technologies, implementing them in practice and successfully mastering fundamentally 
new areas and activities. Successfully self-realizing and feeling comfortable in a mod-
ern society, as well as ensuring its sustainable development will be able professionals 
who can mobilize themselves to improve themselves and transform their professional 
reality in accordance with the requirements of time and modern society. Tatiana B. 
Kotmakova [18] defines one of the main professional characteristics of the future spe-
cialist, which increases his competitiveness in the labor market - personal mobility - as 
an integrative quality of the future specialist, which manifests itself in the formed mo-
tivation to study, the ability to work in an effective way communication and allows you 
to stay in the process of active creative self-development. 

Increasing competitiveness requires mastering by the future specialist a set of 
knowledge, skills necessary to active creative professional development, continuous 
self-improvement and training during the work activity. Therefore, an important task 
for the professional training of future engineers-electromechanics is not so much the 
acquisition of ready-made knowledge, as mastering the methods of independent cogni-
tive activity. Maiia H. Hordiienko [15] emphasizes that under accelerated accumulation 
and obsolescence professionally significant information mastering abilities and skills 
of independent work enables future professionals to be constantly informed of the latest 
technologies in his professional field, equips achievements of world science and prac-
tice: “At the same time, professionally competent electromechanicians must solve the 
urgent national problem of energy conservation through the use of various technologies 
driven which provide the necessary modes of operation of electromechanical com-
plexes. These technologies are implemented by a variety of converters, soft starters, 
microprocessor management, etc., a significant number of which are produced by for-
eign companies. To explore and use the best international experience on the latest de-
velopments, future electromechanical engineer must be able to independently find the 
information you need to read it in a foreign language is to possess abilities and skills of 
independent work with foreign professional literature” [15, p. 3]. 

Under these conditions, the problem of forming skills and abilities of independent 
work for future engineers becomes of particular importance in order to ensure their 
adaptation, self-realization and self-education in the modern conditions of the infor-
mation society and integration into the world community. The purposeful formation of 
skills and abilities of independent work of bachelors of electromechanics should begin 
with fundamental training, which is based on mathematics, physics and informatics. 

Tetiana V. Krylova indicates that mathematics as a basis for the study of fundamen-
tal, general technical and special disciplines provides wide opportunities for the devel-
opment of logical thinking, algorithmic culture, the formation of skills to establish 



causal relationships, to substantiate statements, to model, etc.: “if the methodical sys-
tem of education Mathematics of bachelors of electromechanics will take into account: 
the professional orientation of teaching mathematics; learning the beginnings of math-
ematical modeling in studying the general course of higher mathematics and special 
mathematical courses; solving problems of special content at the final stage of studying 
the disciplines of the mathematical cycle; methods, methods and means of activating 
the independent educational and cognitive activity of students in the study of mathe-
matics; application of means of new information technology training in solving applied 
problems in the process of studying the general course of mathematics and special 
mathematical courses; level differentiation and individualization of teaching mathemat-
ics students of technical specialties; organization of independent work of students and 
control over its implementation, this will ensure the implementation of modern require-
ments for the mathematical preparation of students, promote their mental development, 
preparation for self-education in conditions of continuing education” [19]. 

Aleksandra N. Lavrenyna [20] proposes to fill a physics course by taking into ac-
count the profile of the training of future specialists, in particular, by analyzing the 
connections of the electrodynamics of the course in physics with the general technical 
discipline “Theoretical Foundations of Electrical Engineering” and the special disci-
pline “Electric Machines” with the purpose of determining the role and places of phys-
ical knowledge in the system of vocational education of students of electrotechnical 
specialties. 

Svetlana N. Potemkina [36] defined the general requirements for the professional 
training of an electrical engineer profile in the field of physics: 

─ to know and to be able to use the basic concepts, laws and models of mechanics, 
electricity and magnetism, oscillations and waves, quantum physics, statistical phys-
ics and thermodynamics; 

─ to know and to be able to competently solve complex tasks, which include tasks by 
type of activity; 

─ to know and to be able to use the methods of theoretical and experimental research 
in physics; 

─ to be able to evaluate the numerical order of quantities characteristic of different 
sections of science; 

─ to know and to be able to apply standard rules for constructing and reading drawings 
and diagrams; 

─ to know the principles of symmetry and conservation laws; 
─ to know about physical modeling. 

Interdisciplinary and modeling skills are used in all components of the fundamental and 
professional training of the bachelor of electromechanics. A striking example of the use 
of interdisciplinary modeling is the methodology for the formation of environmental 
knowledge of future engineers-electromechanics in the process of teaching special dis-
ciplines, the author of which developed Iryna O. Soloshych, points out that “the in-
volvement of students in the solution of problem-oriented nature of simulated produc-



 

tion situations using interactive and informational methods promotes the effective de-
velopment of their professional interests, motivation to master the future specialty” [42, 
p. 12]. 

Roman M. Sobko offers the following principles for the integrative use of ICT facil-
ities in the training of students of electrical and electromechanical specialties, the main 
of which are the principles: 

─ the purposeful use of ICT tools in the professional training of specialists, which pro-
vides methodological, psychological, pedagogical and methodological substantia-
tion of the content of ICT education; 

─ professional orientation of ICT training; 
─ continuity of use of ICT at all stages of vocational training; 
─ the degree and systematic formation of the ITC competence of a future specialist 
─ awareness of the use of ICTs in solving professional problems; 
─ modeling of phenomena and processes of professional activity using ICT tools [34, 

p. 9-10]. 

The implementation of the latter two principles is possible provided that the future spe-
cialists prepare for the engineering experiment, which Raisa E. Mazhirina [21] defines 
as the property of the individual to manage the active cognitive process associated with 
the analysis of qualitative and quantitative characteristics of industrial objects. The 
training of future engineers for independent studies, including the development of tech-
niques and techniques of experiment, is an essential part of the professional training of 
an engineer, whose production activity is associated with constant analysis and directed 
change of technical and natural systems. Considering that training in electromechani-
cians takes up a significant place in the field of quick-change engineering – electronic, 
– the use of ICT for modeling phenomena and processes of professional activity is nec-
essary both in the process of professional training and in the process of professional 
activity, which necessitates the use of mobile modeling tools. 

In the teaching of electrical engineering disciplines using ICT, Natalia P. Fiks [11] 
suggests using automated teaching and learning complexes, which include computer-
based learning tools: textbooks, training generators, virtual laboratories, diagnostic 
tools and automated systems modeling. An example of such a complex is developed by 
Natalia G. Pankova [33] a complex of software and information support for the process 
of teaching electrical engineering disciplines, consisting of training manuals on the sim-
ulation and calculation of electrical circuits, methodological instructions for a labora-
tory workshop using ICT, programs, guidelines and control tasks for calculation and 
graphic works, test control system of success, system of training classes on the basis of 
ICT. The highest level of automation of the teaching-methodical complex is realized 
by Maksim A. Polskii [35] a combined didactic interactive program system that pro-
vides the organization of reproductive (recognition and reproduction) and productive 
heuristic educational and cognitive activity of students in the conditions of gradualness 
and completeness of studying with a closed directional automatic control. Among the 
conditions for the effectiveness of the organization of the educational process using 
such complexes, the researcher calls the high level of ICT competencies of teachers and 



students – in particular, the ability to work with universal software systems for model-
ing. 

Considering the educational perspectives of applied mechatronics in the context of 
the integration of traditional topics of mechanical, electrical and computer engineering, 
C. J. Fraser et al. [12] offer the following sections of the curriculum: system engineer-
ing; microprocessor technology; digital electronics; digital and analog interfaces; digi-
tal communications; software development; Subordinate management of electric, pneu-
matic and hydraulic systems; the theory of automatic control. 

Joshua Vaughan, Joel Fortgang, William Singhose, Jeffrey Donnell, and Thomas 
Kurfess [43] offer an integrative course “Creative Solutions and Design” aimed at the 
formation and development of students of mechatronic and communicative compe-
tences. The authors, emphasizing the importance of working in the team, note that team 
work can not equally develop students’ competencies in all relevant fields, so they share 
work in accordance with their own comfort and abilities. In order to avoid this at the 
beginning of the course, it is expedient for each student to give an individual project, 
and in the second half of the course students are involved in team projects. 

Yu Wang, Ying Yu, Chun Xie, Huiying Wang, and Xiao Feng [45] described 4 units 
of practical training at the CDHAW Center at Tongji University (China): 

1. pre-training block includes study of the basics of mechanical, electrical and elec-
tronic engineering; 

2. the block of fundamental training involves laboratory work, in which students check 
the laws of mechanics, physics, materials science, electrical engineering, etc.; 

3. a block of specialized training involves laboratory work using controls, sensors, 
drives, controllers, microprocessors, etc.; 

4. the unit of advanced training involves the student’s independent work on projects. 

The basic requirements for the professional training of specialists in electromechanics, 
formulated by the survey of employers, leads Maurice W. Roney [37, p. 26]: 

1. Preparation should be fundamental: the emphasis should be more on the general 
principles of the work of electromechanical systems than on the application of these 
principles. 

2. Communicative skills are extremely important in the work of electronics technicians, 
so they should be given special attention in the training program. 

3. Study of the interconnection of electrical and mechanical elements of systems and 
devices should occupy a central place in specialized technical courses. Wherever 
possible, electrical and mechanical principles should be studied together, not alone. 

4. Principles of electrical and mechanical physics are the main tools in the work of 
electronics technicians and any technical training should develop the skills of ana-
lytical thinking for which these tools are fundamental. In addition, there is an in-
creasing need for techniques for working with new branches of application of other 
physical sciences such as: optical equipment, thermal power plants, hydraulic and 
pneumatic controls, as well as a wide range of measuring instruments. 

To implement these requirements is proposed [37, p. 10]: 



 

1. The main subjects that should be given the greatest attention are: 

 physics – of the applied type (should not be classical physics); 
 mathematics – through applied calculus; 
 communications – drafting, sketching, composition, report writing; 
 industrial electronics – regardless of the area in which the technician might be 

working, a good working knowledge of electronic devices, circuits, instruments 
and system is required. 

2. The training program should also include material from the sections: 

 light and optics; 
 high vacuum techniques; 
 engineering materials and stress analysis; 
 chemistry, particularly from the viewpoint of corrosion; 
 economics – as applied to industrial situations in design and application; 
 mechanism and basics of mechanical design; 
 transducers for various types of instrumentation; 
 controllers and industrial control; 
 fundamentals of computers. 

3. It is very important to have an exact observation: by carefully observing, the techni-
cian must be able to analyze and synthesize. Although these two abilities may not 
develop intentionally in a particular course, they should be developed in all labora-
tory and classroom activities. Competence in these areas can be more important than 
just technical abilities. 

4. The skills of manual labor with basic tools are also important. 
5. If practicable, the training program should be no more than two years old. 

In the training of electronics technicians, Roney proposes to follow a model that has a 
four-component structure (Fig. 3). In the center of the model – a student, on the devel-
opment of the personality which must be sent all the efforts of pedagogues. To the 
teaching staff, Roney proposes a requirement for competence in more than one disci-
pline in order to provide interdisciplinary connections and integration of academic dis-
ciplines [38, p. 20]. 

The development of the communicative competence of a future specialist should be 
supported by all pedagogues: the pedagogue “should not reduce his teaching function 
to writing mechanics. Instead, he must be able to distinguish the specific needs of stu-
dents at each stage of the program. He must understand that without special communi-
cative skills, the technician will be poorly trained to perform production functions” [38, 
p. 22]. 

But the most important requirement for pedagogues preparing future specialists in 
electromechanics, Roney considers “his production experience, which should be sig-
nificant and as modern as possible. One of the main problems of teaching is the lagging 
content of training from the current state of development of production” [38, p. 22]. 
The prestige of the educational institution, according to the author, largely depends on 



the extent to which the qualifications of the pedagogues correspond to the current state 
of development of production. 

 

Fig. 3. Technicians-electromechanics training model (by [38, p. 21]) 

3 General and professional competence of electrical 

engineers in United States and Canada 

The professional training of electromechanical engineers in the United States (The 
Bachelor of Science in Electro-Mechanical Engineering Technology – BSEMET), ac-
cording to the ABET (Accreditation Board for Engineering and Technology), has been 
providing since the early 1990s. according to the related branch of science (Electrome-
chanical Engineering Technology, Engineering Technology: Electro-Mechanical Con-
centration, Electromechanical Engineering Technology Concentration in Engineering 
Technology) in accordance with the developed ABET accreditation criteria for training 
programs for engineers, which identified the necessary requirements for the program 
of electromechanical training (Electromechanical Engineering Technology). 



 

The requirements of ABET [4, p. 15] clearly distinguish professional activities of 
electronics and electromechanics. The production functions of the technique-electro-
mechanics include the construction, installation, use and operation and / or maintenance 
of electromechanical equipment and software. The bachelor of electromechanics will, 
design, development and management of electromechanical systems. 

Technician-electromechanics should have the following competencies: 

1. use computer-aided drafting or design tools to prepare graphical representations of 
electromechanical systems; 

2. use circuit analysis, analog and digital electronics, basic instrumentation, and com-
puters to aid in the characterization, analysis, and troubleshooting of electromechan-
ical systems; 

3. use statics, dynamics (or applied mechanics), strength of materials, engineering ma-
terials, engineering standards, and manufacturing processes to aid in the characteri-
zation, analysis, and troubleshooting of electromechanical systems; 

Graduates of baccalaureate degree programs must also demonstrate competency to: 

4. use appropriate computer programming languages for operating electromechanical 
systems; 

5. use electrical / electronic devices such as amplifiers, motors, relays, power systems, 
and computer and instrumentation systems for applied design, operation, or trouble-
shooting electromechanical systems; 

6. use advanced topics in engineering mechanics, engineering materials, and fluid me-
chanics for applied design, operation, or troubleshooting of electromechanical sys-
tems; 

7. use basic knowledge of control systems for the applied design, operation. or trouble-
shooting of electromechanical system; 

8. use differential and integral calculus, as a minimum, to characterize the static and 
dynamic performance of electromechanical systems; 

9. use appropriate management techniques in the investigation, analysis, and design of 
electromechanical systems. 

There are eight ABET Accreditation Criteria common to all Engineering Training Ar-
eas [4, p. 1-5]. 

The first criterion defines the requirements for the process and the results of the pro-
fessional training of students; Separately, it is indicated the need to monitor the training 
of each student in order to facilitate the achievement of educational goals. 

The second criterion defines the requirements for the educational objectives of the 
training program. 

The third criterion defines two groups of competencies that students must acquire in 
order to achieve the objectives of the training program. The first group defines broad-
sighted activities related to: the use of different resources; Innovative use of new pro-
cesses, materials or technologies; execution of standard operating procedures. The sec-
ond group defines, in the narrow sense, activities that involve limited resources, new 



ways of using traditional processes and materials, and the implementation of basic op-
erating procedures. 

For bachelors of engineering, there are such competencies: 

1. an ability to select and apply the knowledge, techniques, skills, and modern tools of 
the discipline to broadly-defined engineering technology activities; 

2. an ability to select and apply a knowledge of mathematics, science, engineering, and 
technology to engineering technology problems that require the application of prin-
ciples and applied procedures or methodologies; 

3. an ability to conduct standard tests and measurements; to conduct, analyze, and in-
terpret experiments; and to apply experimental results to improve processes; 

4. an ability to design systems, components, or processes for broadly-defined engineer-
ing technology problems appropriate to program educational objectives; 

5. an ability to function effectively as a member or leader on a technical team; 
6. an ability to identify, analyze, and solve broadly-defined engineering technology 

problems; 
7. an ability to apply written, oral, and graphical communication in both technical and 

nontechnical environments; and an ability to identify and use appropriate technical 
literature; 

8. an understanding of the need for and an ability to engage in self-directed continuing 
professional development; 

9. an understanding of and a commitment to address professional and ethical responsi-
bilities including a respect for diversity; 

10. a knowledge of the impact of engineering technology solutions in a societal and 
global context; 

11. a commitment to quality, timeliness, and continuous improvement.  

The requirement of continuous improvement of the training program is the basis of the 
fourth criterion. It is proposed to apply appropriate methods for assessing and analyzing 
student achievements. The obtained results should be used systematically as inputs to 
continuously improve the training program. 

The fifth criterion defines the general requirements for the curriculum: 

─ The mathematics program must develop the ability of students to apply mathematics 
to the solution of technical problems. Programs will include the application of inte-
gral and differential calculus or other mathematics appropriate to the student out-
comes and program educational objectives; 

─ The technical content of the program must focus on the applied aspects of science 
and engineering and must represent at least 1/3 of the total credit hours for the pro-
gram but no more than 2/3 of the total credit hours for the program. Include a tech-
nical core that prepares students for the increasingly complex technical specialties 
they will experience later in the curriculum. Develop student competency in the use 
of equipment and tools common to the discipline; 

─ The basic physical and natural science content of the program must include physical 
or natural science with laboratory experiences as appropriate to the discipline; 



 

─ Baccalaureate degree programs must provide a capstone or integrating experience 
that develops student competencies in applying both technical and non-technical 
skills in solving problems; 

─ When used to satisfy prescribed elements of these criteria, credits based upon coop-
erative / internships or similar experiences must include an appropriate academic 
component evaluated by the program faculty; 

─ An advisory committee with representation from organizations being served by the 
program graduates must be utilized to periodically review the program’s curriculum 
and advise the program on the establishment, review, and revision of its program 
educational objectives. The advisory committee must provide advisement on current 
and future aspects of the technical fields for which the graduates are being prepare. 

The sixth criterion defines the requirements for teachers, the main is the availability of 
experience and level of education, corresponding to the expected input of the teacher 
in the training program. Teacher competence is assessed by education, professional 
qualification and certification, professional experience, current professional develop-
ment, discipline, teaching efficiency and communication skills. Together, all teachers 
should cover all components of the training program. 

The staff involved in the training program should be in sufficient quantity to main-
tain continuity, stability, control, student interaction and counseling. The staff should 
have sufficient responsibility and authority to improve the curriculum by identifying 
and reviewing educational goals and learning achievements, as well as for implement-
ing a training program that will help improve student achievement. 

The seventh criterion defines the requirements for the means of support (facilitation) 
of the learning process: 

─ classrooms, offices, laboratories, and associated equipment must be adequate to sup-
port attainment of the student outcomes and to provide an atmosphere conducive to 
learning; 

─ modern tools, equipment, computing resources, and laboratories appropriate to the 
program must be available, accessible, and systematically maintained and upgraded 
to enable students to attain the student outcomes and to support program needs; 

─ students must be provided appropriate guidance regarding the use of the tools, equip-
ment, computing resources, and laboratories available to the program; 

─ the library services and the computing and information infrastructure must be ade-
quate to support the scholarly and professional activities of the students and faculty. 

The eighth criterion defines the level of support for a training program from a parent 
institution and management that is sufficient to ensure the quality and integrity of the 
training program: 

─ resources including institutional services, financial support, and staff (both adminis-
trative and technical) provided to the program must be adequate to meet program 
needs; 

─ the resources available to the program must be sufficient to attract, retain, and pro-
vide for the continued professional development of a qualified faculty; 



─ The resources available to the program must be sufficient to acquire, maintain, and 
operate infrastructures, facilities and equipment appropriate for the program, and to 
provide an environment in which student outcomes can be attained. 

Standards for the training of electromechanical engineers, proposed by the Department 
of Education, Ontario Colleges and Universities (Canada) [32], contain three compo-
nents: Vocational standard – analogue of special professional competencies of the do-
mestic standard, Generic employability skills standard – an analogue of general-profes-
sional, instrumental (partly) and general-knowledge (partly) competencies of the do-
mestic standard, and General education standard – an analogue of socio-personal, in-
strumental (partly) and general (partly) competencies of the domestic standard. 

As a result of mastering the Vocational Standard, the following competencies should 
be formed for graduates: 

─ fabricate mechanical components and assemblies, and assemble electrical compo-
nents and electronic assemblies by applying workshop skills and knowledge of basic 
shop practices in accordance with applicable codes and safety practices; 

─ analyse, interpret, and produce electrical, electronic, and mechanical drawings and 
other related documents and graphics necessary for electromechanical design; 

─ select and use a variety of troubleshooting techniques and test equipment to assess 
electromechanical circuits, equipment, processes, systems, and subsystems; 

─ modify, maintain, and repair electrical, electronic, and mechanical components, 
equipment, and systems to ensure that they function according to specifications; 

─ apply the principles of engineering, mathematics, and science to analyse and solve 
design and other complex technical problems and to complete work related to elec-
tromechanical engineering; 

─ design and analyse mechanical components, processes, and systems through the ap-
plication of engineering principles and practices; 

─ apply principles of mechanics and fluid mechanics to the design and analysis of elec-
tromechanical systems; 

─ design, analyse, build, and troubleshoot logic and digital circuits, passive AC and 
DC circuits, and active circuits; 

─ design, select, apply, integrate, and troubleshoot a variety of industrial motor con-
trols and data acquisition devices and systems; 

─ design, analyse, and troubleshoot microprocessor-based systems; 
─ install and troubleshoot computer hardware and high-level programming to support 

the electromechanical engineering environment; 
─ analyse, program, install, integrate, and troubleshoot automated systems including 

robotic systems; 
─ establish and maintain inventory, records, and documentation systems; 
─ assist in project management by applying business principles to the electromechan-

ical engineering environment; 
─ select for purchase electromechanical equipment, components, and systems that ful-

fill the job requirements and functional specifications; 
─ specify, coordinate, and conduct quality-control and quality-assurance programs and 

procedures; 



 

─ perform all work in accordance with relevant law, policies, codes, regulations, safety 
procedures, and standard shop practices; 

─ develop personal and professional strategies and plans to improve job performance 
and work relationships with clients, coworkers, and supervisors [32, p. 6–7]. 

Generic employability skills standard defines the following competencies: 

─ communicate clearly, concisely, and correctly in the written, spoken, and visual form 
that fulfills the purpose and meets the needs of the audiences; 

─ reframe information, ideas, and concepts using the narrative, visual, numerical, and 
symbolic representations which demonstrate understanding; 

─ apply a wide variety of mathematical techniques with the degree of accuracy re-
quired to solve problems and make decisions; 

─ use a variety of computer hardware and software and other technological tools ap-
propriate and necessary to the performance of tasks; 

─ interact with others in groups or teams in ways that contribute to effective working 
relationships and the achievement of goals; 

─ evaluate her or his own thinking throughout the steps and processes used in problem 
solving and decision making; 

─ collect, analyze, and organize relevant and necessary information from a variety of 
sources; 

─ evaluate the validity of arguments based on qualitative and quantitative information 
in order to accept or challenge the findings of others; 

─ create innovative strategies and / or products that meet identified needs; 
─ manage the use of time and other resources to attain personal and / or project related 

goals; 
─ take responsibility for her or his own actions and decisions; 
─ adapt to new situations and demands by applying and / or updating her or his 

knowledge and skills; 
─ represent her or his skills, knowledge, and experience realistically for personal and 

employment purposes [32, p. 27]. 

Goals and Broad Objectives of General Education: 

─ Aesthetic Appreciation: understand beauty, form, taste, and the role of the arts in 
society; 

─ Civic Life: understand the meaning of freedoms, rights, and participation in commu-
nity and public life; 

─ Cultural Understanding: understand the cultural, social, ethnic, and linguistic diver-
sity of Canada and the world; 

─ Personal Development: gain greater self-awareness, intellectual growth, well-being, 
and understanding of others; 

─ Social Understanding: understand relationships among individuals and society; 
─ Understanding Science: appreciate the contribution of science to the development of 

civilization, human understanding, and potential; 



─ Understanding Technology: understand the interrelationship between the develop-
ment and use of technology and society and the ecosystem; 

─ Work and the Economy: understand the meaning, history, and organization of work; 
and of working life challenges to the individual and society [32, p. 46-48]. 

Specialists of Human Resource Systems Group [16] determine two groups of compe-
tencies that can be formed at one of five levels (1 – basic, 5 – expert): 

1. General Competencies includes: 

 writing skills (at level 4 – writes on complex and highly specialized issues); 
 analytical thinking (at level 4 – applies broad analysis); 
 interactive communication (at level 4 – communicates complex messages); 
 problem solving (at level 4 – solves complex problems); 
 planning and organizing (at level 4 – plans and organizes multiple, complex ac-

tivities); 
 team leadership (at level 3 – builds strong teams); 
 critical judgment (at level 4 – formulates broad strategies on multi-dimensional 

strategic issues); 
 visioning and alignment (at level 3 – aligns program / operational support); 

2. Technical Competencies includes: 

 calibration / mathematics (at level 4 – calculates using multiple steps and opera-
tions); 

 working with tools and technology (at level 4 – welds, repairs, and fabricates 
equipment or machinery); 

 building & construction design (at level 4 – demonstrates advanced knowledge 
and ability, and can apply the competency in new or complex situations; guides 
other professionals); 

 electrical systems maintenance and repair (at level 4 – demonstrates advanced 
knowledge and ability, and can apply the competency in new or complex situa-
tions; guides other professionals); 

 electrical / electronics engineering (at level 5 – demonstrates expert knowledge 
and ability, and can apply the competency in the most complex situations; devel-
ops new approaches, methods or policies in the area; is recognized as an expert, 
internally and / or externally); 

 electrical equipment operation (at level 5 – expert). 

Competence matrix for the sector electronics / electrical engineering [1, p. 14-15], de-
veloped within the framework of the European project VQTS II (Vocational Qualifica-
tion Transfer System), covers 8 groups of competencies, each of which is defined at 3 
or 4 levels: 

1. planning, mounting and installing electrical and electronic systems; 
2. inspecting and configuring electrical and electronical systems and machines in in-

dustrial appliances; 



 

3. installing and adjusting electrical components and electronic systems; 
4. designing, constructing and modifying electrical / electronic wirings / circuit boards, 

control circuitries and machines including their interfaces; 
5. developing custom designed electrical / electronic systems; 
6. supervising and supporting work and business processes; 
7. installing, configuring modifying and testing of application software for the pro-

gramming of electrical / electronic installations; 
8. diagnosing and repairing of electrical / electronic systems and equipment. 

4 Conclusions 

Summarizing the experience of electrical engineers professional training in Ukraine 
and abroad makes it possible to determine the main directions of their professional 
training modernization: 

1. transition to competence-oriented training standards; 
2. development of integrated training programs for “technician-electromechanic engi-

neer-electromechanic” on the basis of the National Qualifications Framework; 
3. development of professional standards of training specialists in the field of mecha-

tronics for the metallurgical and mining industry; 
4. ensuring continuous training and retraining of electrical engineers based on the use 

of modern ICT tools. 
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Abstract. The article concerns the issue of e-learning tools implementation, in-
cluding the Customs Learning and Knowledge Community electronic platform 
designed by the World Customs Organization and the Trade Facilitation Imple-
mentation Guide case studies collected by the United Nations Economic Com-
mission for Europe, into the self-education process of current government em-
ployees (within in-service training) and future public officers (within master’s 
programs) connected with international trade transactions. The authors give a de-
scription of the content and characteristical features of existing e-learning instru-
ments related to training of professionals in Customs and trade fields as well as 
of certain tasks developed by the authors. The efficiency of the abovementioned 
e-learning tools has been experimentally proved in the paper, which has shown 
that these tools promote the growth of the professional competence of govern-
ment officers and give a great opportunity for them to be involved in life-long 
learning to acquire various professional knowledge and skills. 
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1 Introduction 

Since out-of-date educational methods proved to be inefficient while informatization 
became a reality and systematically expands its influence, especially considering the 
global tendency of life-long learning [1; 9], among the leading methods of organizing 
self-education activities of future professionals (individual search for professional in-
formation, use of modern information technologies, reflexive analysis of educational 
activities, self-compilation of results and forecasting) [14] the use of electronic training 
is considered to be an innovative method involving introduction of modern information 
technologies. So it has become a mainstream to devise various on-line techniques for 
electronic learning. Our study has revealed that the term “e-learning” in the works of 



scientists [6; 8] is considered to be equal to the concepts of “distance learning’, “online 
learning”, “open education”. Its main advantages are accessibility 24 hours a day, sim-
plicity of usage as well as availability of various modern technologies. 

Therefore, international organizations including the World Trade Organization 
(WTO), the European Union (EU), the World Customs Organization (WCO), the 
United Nations being concerned about government officers’ level of professionalism, 
have developed specific electronic instruments for e-learning [4]. We are convinced 
that efficient electronic training of specialists worldwide and particularly in Ukraine is 
possible by means of these instruments adaptation to the national systems of profes-
sional training, in-service training and self-education. 

2 Description of the Existing E-learning Instruments Designed 
by the International Organizations for Self-education of 

International Trade-Related Government Employees 

In particular, the WCO electronic platform Customs Learning and Knowledge Com-
munity (CLiKC) [15] is designed for e-learning of Customs officers. This innovative 
electronic platform is fully consistent with the objectives of training a highly qualified 
customs officer, namely: facilitates the development of professional knowledge of Cus-
toms officers, provides modern structures and methods of effective professional train-
ing in the field of Customs, promotes the improvement of scientific research as well as 
provides ideas for the adaptation of in-service training models under the demands of 
national Customs administrations. These goals are clearly reflected in its structure, con-
sisting of the following three elements: 

1. educational materials (electronic thematic modules; interactive training courses; reg-
ulatory documents including the main Customs and trade standards and procedures 
of international organizations; demo slides; glossaries; instructions on portfolio 
drawing); 

2. methods of professional knowledge assessment (intermediate tests, exercises, sur-
veys and tasks for monitoring the level of knowledge at a particular topic); 

3. tools of interaction (forums, chats, expert pools, blogs, workshops). These tools fa-
cilitate the exchange of experience concerning the implementation of the WCO 
CLiKC e-learning platform into national Customs training programs as well as pro-
vide an opportunity to discuss the problematic issues that arise in the professional 
activities of Customs officers [7]. 

The thematic modules (see table 1) [15] were presented in the form of lectures with a 
defined content, step by step elaborated curriculum and practical tasks for solving cer-
tain professional situations. They cover issues of the Revised Kyoto Convention, risk 
assessment, profiling and selection of passengers and cargoes for inspection, Customs 
valuation as well as commercial fraud questions.  

Interactive training courses, in turn, contain relevant theoretical material, aimed at 
deepening the knowledge system, creation of professional skills and abilities, including 



professionally-oriented tasks of various levels of complexity, which encourage stu-
dents’ creative activity, analytical approach to the solution of professional problems. 
For learners’ comfort they are included in four thematic blocks (see table 2) [15] and 
are available in five languages: English, French, Arabic, Spanish, Portuguese and Rus-
sian. In our opinion, such structure of the electronic platform for Customs training con-
tributes to the successful performance of learners’ self-study, since it involves a high 
level of motivation, clear statement of cognitive tasks, understanding of the algorithm 
and methods of performing self-study assignments, types and forms of control and eval-
uation criteria [5]. 

Table 1. Example of thematic modules included into CLiKC 

Thematic module (hours) Topics for practical training  
1. Revised Kyoto Conven-
tion (8) 

Lesson 1. Reasons for revision of the International Con-
vention on the Simplification and Harmonization of 
Customs Procedures 
Lesson 2. The structure of the Revised Kyoto Conven-
tion 
Lesson 3. General Appendix 
Lesson 4. Special Appendixes 

2. Risk assessment, profiling 
and selection of passengers 
and cargoes for inspection 
(42) 

Lesson 1. Risk assessment: concepts 
Lesson 2. Profiling 
Lesson 3. Risk management cycle 
Lesson 4. Public and private flights 
Lesson 5. Commercial airplanes 
Lesson 6. Profiling of passengers 
Lesson 7. Passenger selection for inspection 
Lesson 8. Smuggling of drugs by intracorporal methods 
Lesson 9. Checking passports 
Lesson 10. Checking airline tickets 
Lesson 11. Profiling and selection of commercial car-
goes for inspection 
Lesson 12. Air cargo risk indicators 
Lesson 13. Smuggling 
Lesson 14. Ships selection for search 
Lesson 15. Risk indicators for marine cargo 
Lesson 16. Smuggling through land borders 
Lesson 17. Way of thinking of traffickers 
Lesson 18. Post-seizure analysis 
Lesson 19. Operational activities 
Lesson 20. Memorandum of Understanding 

Our study has found out that the mentioned interactive courses include innovative learn-
ing tools that help future Customs officers (within the framework of master’s programs) 
or current employees of Customs administrations (within the framework of in-service 
training programs) acquire necessary skills to solve professional tasks, act operatively 



in specific situations and process information flows. In addition, the content of the train-
ing materials included ultimately corresponds to demands for the professional training 
of highly skilled specialists. In particular, situational tasks, business and role games, 
problem issues, slides and video materials, case studies based on international agree-
ments and conventions effectively reflect the trends of the international Customs envi-
ronment and promote a consistent and systematic development of both professional, 
organizational, managerial and communicative competences of Customs and other 
trade-related government officers within the self-study process [6, pp. 189–193; 10]. 

Table 2. Interactive training courses of the WCO electronic platform CLiKC (250 hours) 

Block 1 
Law enforcement activi-

ties 

Block 2 
Conventions and docu-

ments 

Block 3 
Tariffs and trade 

Block 4 
Capacity 

building of 
Customs ad-
ministrations 

▪ Customs control 
▪ Protection of intellectual 
property rights 
▪ Post-audit 
▪ Multilateral agreements 
on the protection of the 
environment 
▪ Convention on Interna-
tional Trade in Endan-
gered Species of Wild 
Fauna and Flora (CITES) 
▪ Substances that destroy 
the ozone layer 
▪ Risk assessment 
▪ Commercial fraud 

▪ TIR Convention 
▪ Framework Standards 
for Security and Simpli-
fication of International 
Trade Procedures 
▪ Convention on Tem-
porary Importation 
▪ WCO Data Model 
▪ Revised Kyoto Con-
vention 

▪ Harmonized 
commodity de-
scription and 
coding system 
▪ Customs valua-
tion 
▪ Transfer prices 
▪ Rules of origin 

▪ Integrity of 
Customs of-
ficers 

Another example of using e-learning instruments for training both government of-
ficers and business sector employees involved in international trade operations is re-
lated to Trade Facilitation Implementation Guide (TFIG) designed by the United Na-
tions Economic Commission for Europe [13] and the EU Customs Competency Frame-
work [2]. TFIG covers different case studies and best practices including such issues as 
Single Window, Authorized Economic Operator, advance rulings, post-clearance audit 
etc. that can be used as topics for on-line discussions, debates, presentations, compara-
tive analysis, brainstorming and other forms of interactive learning, while the Customs 
Competency Framework describes key requirements for Customs profession and prac-
tical techniques to achieve necessary Customs knowledge and skills. 



3 Implementation of the E-learning Tools into the Professional 
Training of Government Officers Related to International 

Trade Activities 

Implementation of the WCO CliKC electronic platform and e-learning instruments of 
other international organizations was made, primarily, in the educational process of 
masters in the field of Customs. The following steps were taken: registration of students 
in the system using passwords received from the national coordinator; students’ work 
with materials covering thematic modules and interactive courses as well as TFIG case 
studies, tasks, exercises, scenarios; studying into authentic English texts, compiling vo-
cabularies, searching for additional materials in a foreign language, expanding the un-
derstanding of the main professional categories, discussing situations in professional 
English with the use of different grammatical and lexical constructions, scenario mod-
eling through role-playing and business games (among others, within classes of “Busi-
ness English” and “Foreign language for professional purposes”); fulfillment of tasks 
being developed by authors on the base of the mentioned e-learning instruments for on-
line discussions and forums (see table 3 containing several examples of such tasks) [12, 
pp. 176–185]. All of these contributed to the development of both professional 
knowledge and skills as well as the improvement of professionally-directed foreign 
language communicative competence of future government officers. 

Table 3. Tasks for on-line discussions 

Thematic 
module / 
Interac-

tive course 

Questions for discussion Situations for discussion 

1. Risk as-
sessment 

1. How can term “risk” be under-
stood from a Customs viewpoint? 
2. Which businesses does risk as-
sessment cover and in which way? 
Give certain examples 
3. Which risk areas does import or 
export of commercial consign-
ments include? 

At Frankfurt airport, German Cus-
toms seized 10 kgs of cocaine from a 
shipment of automobile parts from 
Brazil. On examining their date base, 
Customs officers found that this was 
the seventh case in two years involv-
ing automobile parts shipped from 
Brazil. 

2. Security 
of supply 
chain 

1. What is a bill of lading? In 
which situations is it used? 
2. What is a bill of exchange? 
Which main steps need to be taken 
to make a bill of exchange pay-
ment? 
3. What is a letter of credit? What 
does it guarantee? 
4. Which other terms of delivery 
are used in the international trade 
transactions? Give some examples. 

On the arrival of a flight from Bogota 
(Colombia), the Customs Targeting 
Unit at Paris international airport 
picked out an air waybill for a ship-
ment of handicrafts bound for France. 
The company shown as consignor was 
unknown, and the company shown as 
consignee was not listed under the ad-
dress given. The telephone number 
was a real one, but it was a number of 
a bookshop whereas it should have 



Thematic 
module / 
Interac-

tive course 

Questions for discussion Situations for discussion 

5. What are potential risks of fraud 
in the flow of goods in interna-
tional trade? 
6. What steps should be taken to 
secure international flow of goods? 

been an arts and crafts shop. An exter-
nal inspection showed that there were 
no markings on the packages. When 
the packages were opened, they were 
found to contain handicrafts made 
from cocaine paste. There were 20 kgs 
of cocaine. 

The tasks developed by the authors were also tested and then introduced into the system 
of training personnel of the Customs authorities of Ukraine. In particular, Khmelnytsky 
Customs Human Resources department was offered to use the theoretical points and 
practical recommendations for implementation of the e-learning platform CLiKC in the 
process of self-education of Customs officers as well as the methodical provision, 
namely the textbook developed by the author [11] for professional competence im-
provement. 

Thus, after organizing and conducting the experimental training, which took place 
under the influence of specially developed pedagogical technology, we conducted a 
diagnosis of the level of Customs officers’ professional competence development in the 
control (CG) and two experimental groups (EG1 and EG20). Data obtained during this 
process were mathematically and statistically processed using Pearson’s χ2 and Fischer 
criteria [15]. The obtained results are summarized in table 3 and the following diagram 
(see Fig. 1), the analysis of which enables to trace the growth of the phenomenon being 
researched [12, pp. 190–193]. 

Table 4. General assessment of the levels of professional competence development 

Level 
Diagnostic phase Control phase 

CG EG1 EG2 CG EG1 EG2 
N % N % N % N % N % N % 

High 9 12,86 12 14,12 10 13,3312 17,1446 54,1235 46,67
Medium 19 27,14 26 30,59 22 29,3322 31,4336 42,3531 41,33
Low 42 60,00 47 55,29 43 57,3436 51,43 3 3,53 9 12,00

 
Consequently, the figures obtained show significant changes in the two experimental 
groups in comparison with the results acquired during the diagnostic phase. As it can 
be seen, 54.12% respondents of the first experimental and 46.67% respondents of the 
second experimental group reached a high level of knowledge, mastery of necessary 
skills and development of professionally significant personal qualities. In the control 
group, which was trained according to a standardized scheme, the high level of profes-
sional competence increased only by 4.28%, while the indicator of the same level in the 
first experimental group rose by 40%, in the second experimental group – by 33.34%. 



 

Fig. 1. Comparative diagram of evaluation of the professional competence improvement at the 
diagnostic and control stages of the experiment 

In our opinion, such results were achieved due to the updating of the content of the 
specialized training by means of implementing the CLiKC e-learning platform, other 
e-learning instruments as well as specific tasks developed by the authors into the frame-
work of self-study process of current and future staff of the Ukrainian Customs and 
other trade-related government authorities. 

4 Conclusions 

To sum it up, we should highlight that the abovementioned e-learning instruments are 
the most progressive methods of training current and future government employees 
connected with global trade operations, since they have many opportunities and bene-
fits, namely: 

─ stipulate tutoring, facilitate access to Customs and trade experience (TFIG case stud-
ies), current legal and regulatory framework; 

─ include a variety of relevant theoretical and practical teaching materials, the content 
of which promotes learners’ cognitive activity, since it reflects current conditions of 
Customs environment worldwide and provides specific tools for solving profes-
sional problems; 

─ the content of interactive courses of the CliKC e-learning platform simulates the 
future professional activity of a specialist; 

─ tasks, exercises and scenarios have video and audio support that stimulate interest 
and motivation of students; 
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─ the diversity of authentic texts and professional vocabulary in foreign languages ac-
companied by audio and video files leads to the improvement of professionally-ori-
ented foreign language communicative competence; 

─ electronic training modules facilitate consistent and systematic acquisition of pro-
fessional knowledge and skills in accordance with the international professional 
standards of Customs and other government officers; 

─ include automatic assessment systems for evaluation of achievements within each 
interactive course that stimulates self-esteem and self-reflection; 

─ offer government agencies and business structures an opportunity to share docu-
ments and experiences concerning managerial, strategic and technical issues; 

─ they are an effective tool for developing the competences of future specialists in the 
field of foreign economic activity; 

─ provide life-long professional improvement. 
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Abstract. The article reveals the experience of organizing blended learning for 
geography students using Google Classroom, and discloses its potential uses in 
the study of geography. For the last three years, the authors have tested such in-
class and distance courses as “Cartography and Basics of Topography”, “Popu-
lation Geography”, “Information Systems and Technologies in Tourism Indus-
try”, “Regional Economic and Social World Geography (Europe and the CIS)”, 
“Regional Economic and Social World Geography (Africa, Latin America, Asia, 
Anglo-America, Australia and Oceania)”, “Socio-Economic Cartography”. 

The advantages of using the specified interactive tool during the study of ge-
ographical disciplines are highlighted out in the article. As it has been established, 
the organization of the learning process using Google Classroom ensures the 
unity of in-class and out-of-class learning; it is designed to realize effective in-
teraction of the subjects learning in real time; to monitor the quality of training 
and control the students’ learning achievements in class as well as out of it, etc. 

The article outlines the disadvantages that should be taken into account when 
organizing blended learning using Google Classroom, including the occasional 
predominance of students’ external motivation in education and their low level 
of readiness for work in the classroom; insufficient level of material and technical 
support in some classrooms; need for out-of-class pedagogical support; lack of 
guidance on the content aspect of Google Classroom pages, etc. 

Through the test series conducted during 2016-2017, an increase in the num-
ber of geography students with a sufficient level of academic achievements and 
a decrease of those with a low level of it was revealed. 

Keywords: Google Classroom, blended learning, in-class and distance learning. 

1 Introduction 

1.1 The Problem Statement 

The topicality of the problem using the Google Classroom is determined by a wide 
range of problems that can be presented in the form of contradictions between the social 



requirements for geography students’ professional training, its specific characteristics 
(the need for organizing systematic educational activities outside the specially equipped 
laboratories of higher educational institutions (HEI): field practices, integrated prac-
tices, etc.) and the prevalence of higher educational institutions providing traditional 
didactic forms, methods and tools; between the constant growth of the volume of stu-
dents’ independent and individual work and the need for the facilitation of all types of 
educational activities of geography students at any time and in any place of its course 
using the available and corresponding tools of information and communication tech-
nologies (ICT), including the mobile ones; between the potential use of modern ICTs 
and inadequate level of readiness for their implementation by university lecturers and 
students. 

One of the ways to overcome these contradictions is the implementation of combined 
geography training, which, according to the research carried out by Andrii M. Striuk 
[21], is understood as a Geography training technique, integrating the in-class and out-
of-class educational activities, provided that a pedagogically balanced combination of 
traditional as well as innovative techniques for the in-class, distance and mobile training 
is carried out for the effective educational goals achievement. 

1.2 Theoretical background 

Some aspects of the problem under study are highlighted in the scientific articles de-
voted to theoretical and methodological principles and the methodology of distance 
education (Aleksandr A. Andreev [1], Myroslav I. Zhaldak [24], Volodymyr M. Ku-
kharenko [3], Yukhym I. Mashbyts [8], Svitlana V. Shokaliuk [17]); blended training 
organization (Volodymyr M. Kukharenko [6], Natalia V. Rashevska [12], Serhii O. Se-
merikov [16], Andrii M. Striuk [21], Yurii V. Tryus [23], Bohdan I. Shunevych [18]); 
development of information-and-education environment (Aleksandr A. Andreev [1], 
Kateryna I. Slovak [20], Mariia A. Kyslova [7], Liubov F. Panchenko [11], Maiia V. 
Popel [19], Mariia P. Shyshkina [19]); the use of innovative ICT in the educational 
process (Valerii Yu. Bykov [3], Illia O. Teplytskyi [14, 15]). 

The interest in solving the chosen problem is caused by research on geography meth-
ods of teaching, which reveals tendencies of educational space renewal by means of 
informatization of higher education (Oleh M. Topuzov [22]); geographic information 
systems and technologies (Viktor M. Samoilenko [13]); possibilities of providing ge-
ography distance learning (Yurii A. Fedorenko [4]). The blended learning of geography 
is represented on a larger scale in the writings of foreign scholars: the implementation 
of combined learning in the study of geography in the first year (Phillipa Mitchell and 
Pip Forer [9]), the influence of combined geography teaching on critical thinking of 
students (Özgen Korkmaz and Ufuk Karakuş [5]) and others. 

The analysis of scientific developments and information resources of domestic 
higher educational institutions suggests that Moodle is a traditional tool of supporting 
blended learning in higher education [10], although nowadays there are other alterna-
tive options for open learning management systems, Google Classroom in particular. 
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At the same time, Google Classroom as a tool of supporting the blended training for 
geography students, has not yet found a comprehensive study and full coverage in the 
scientific writings of domestic researchers. 

1.3 The objective of the article 

The objective of the article is to highlight the experience of supporting the blended 
training for geography students by using Google Classroom. 

2 Presenting the Main Material 

Google Classroom is an educational interactive tool that allows creating an informa-
tively rich educational environment integrating the Google Docs text editor, Google 
Drive cloud storage, Gmail and other applications (YouTube, Google Sheets, Google 
Slides, Google Forms, etc.) [7]. 

In terms of the interactive on-line interaction the Google Classroom is to: ensure the 
integrity of classroom and out-of-class work (group, independent, individual, etc.); re-
alize effective interaction of learning subjects in real time through: creating tasks for 
each particular course and group with hyperlink onto multimedia content; editing and 
commenting on the state of a student’s tasks; compiling individual tasks into thematic 
modules; publishing announcements, questions, information digests, etc.; controlling 
the students’ individual tasks in both classroom and out-of-class time; setting deadlines 
for each task; commenting on the revised multimedia content offered for the tasks; as-
sessing students’ academic achievements on a national or international scale; copying 
the academic achievements to the Google Sheets to generate statistical reports, visual 
monitoring of the quality of training [2]. 

Within the Google Classroom, the interaction of all learning subjects (“student – 
student”, “student – student group”, “teacher – student”, “teacher – student group”) 
takes place not only for distance education (training communication outside the HEI), 
but also for the traditional in-class learning (training communication within the HEI) 
using e-mail, electronic conferences and other Internet communication tools. The most 
common forms of learning tools provided by the Google Classroom include: e-mail 
(Google Mail), e-conferencing (Hangouts), Google Forms, communication via chats, 
and others. 

The revealing of the content of geographic disciplines, as well as the monitoring and 
control of geography students’ academic achievements, is possible through the imple-
mentation of computer-based learning tools, in particular content delivery tools (Docs, 
Drive, Presentations, YouTube), visualization tools (Presentations, Maps, YouTube, 
Earth), control tools (Sheets, Forms), etc. (Fig. 1). 

According to the developed model there have been developed in-class and distance 
learning courses in the following geographic disciplines: “Cartography and Basics of 
Topography”, “Population Geography”, “Information Systems and Technologies in 
Tourism Industry”, “Regional Economic and Social World Geography (countries of 
Europe and the CIS)”, “Regional Economic and Social World Geography (Africa, Latin 



America, Asia, Anglo-America, Australia and Oceania)”, “Socio-Economic Cartog-
raphy” which have been tested for three years of study. 

Let’s have a closer look at the specific features of implementing the blended teaching 
of geographic disciplines in Google Classroom. 

 

Fig. 1. The model of the information and education environment of blended learning for geog-
raphy students in HEI based on Google Classroom  

Each of the offered courses has a clearly defined structure. In the e-class, there are three 
pages “Stream”, “Students”, “Information", which have a certain content. So, the fol-
lowing basic elements are traditionally presented in “Stream”: “practical / laboratory 
classes”, “independent work”, “nomenclature”, “individual tasks” etc. 

For every practical or laboratory lesson contained on the “Stream” page, you can not 
only add guidance to the tasks, but also attach any necessary file, vocation, and video, 
i.e., all the elements revealing the content of the subject being studied. 

The “Students” page usually shows the class code and the contingent of the course 
attendees with access to their e-mail. The “Information” page, as a rule, provides such 
elements as “the course tasks and objectives, the classroom, the calendar / schedule of 
classes”, “curriculum program”, “list of recommended literature (basic, additional)”, 
“contour maps”, “maps and atlases”, “reference sources”, “methodical materials”, 
“multimedia gallery”, “Internet resources for creating maps”. The contents of the page 
“Information” may vary depending on the specifics of the discipline content. The “In-
formation” page contains electronic resources necessary for the tasks provided in 
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“Stream” and provides a wide access to multimedia content, electronic libraries, text-
books, articles, maps, atlases, sites of international organizations, research institutes, 
databases, etc. 

The extra benefits of using the specified resource for geographic courses is deter-
mined by the fact that most classes require work with contour maps, charts, diagrams, 
etc. In the Google Classroom, students can create maps by themselves using various 
editors and resources (DataGraf, Google Earth), tasks (learningapps.org); work with 
interactive maps (MigrationsMap, kartograph.org), statistical sources (USS\Ukrainian 
State Statistics Service, countrymeters.info); analytical data of international organiza-
tions (UNO, WHO, etc.); demonstrate knowledge of geographic nomenclature 
(online.seterra.net); conduct thematic control of knowledge (Google Forms) and others. 

A compulsory element in geography students’ professional training is the knowledge 
of the geographical nomenclature. As a rule, students pass the nomenclature by oral 
questioning using wall maps. The disadvantages of such a method of training are con-
sidered to be: a large time amount spent on the survey of one student and a group as a 
whole; the obsolete content of the wall social and economic maps; subjective assess-
ment of knowledge of the nomenclature, etc. 

Google Classroom allows replacing the traditional methodic of compiling the no-
menclature for the interactive one. For example, second-year students are offered the 
Seterra online resource (https://online.seterra.com) and the Click-that-hood 
(http://click-that-hood.com) has been adjusted for the third-year students. The content 
of the task is that a student is to demonstrate the knowledge of the nomenclature within 
the time limit, save the version and send it to the teacher for marking. 

The advantages of such a check of the nomenclature are: the individual pace of the 
task; objectivity of assessment; mapping skills; rational in-class time management. 

When studying the above-mentioned disciplines, Google Classroom is used with a 
different didactic purpose. Thus, students of the first year use it with a propaedeutic 
purpose, as a multimedia library (without downloading works and sending it for cor-
recting analysis to the teacher). This is explained by the fact that in practical classes of 
the “Cartography and Basics of Topography” course geography students are, first of 
all, to be able to work with geographic maps and carry out topographical surveys of the 
area. Therefore, the Google Classroom use will in no way replace work with a map or 
field surveys. However, freshmen performing such tasks as the definition of the scale 
of distances and areas, orientation angles, absolute heights on a topographic map face 
various difficulties. Unfortunately, the degree of understanding of the new material in 
the classroom in the presence of pedagogical support is much higher than during the 
independent extra-curriculum knowledge acquisition. In addition, at home, the student 
is not able to work with most geodesic instruments, whereas in the practical class one 
needs to know not only their structure, but also use them in practice. The multimedia 
library content allows revising in full extend what has been learned in class, and it pro-
vides access to the video, which demonstrates the algorithm of topographic, promotes 
a better acquisition of means and methods of topographic survey of the area. 

While studying the “Population Geography” course the main emphasis is placed on 
the fact that second-year students, unlike freshmen, should not only review the content 



of the study material and reproduce it, but also perform constructive tasks, find infor-
mation in various sources characterizing the population of the world and particular 
countries, to analyze processes and to identify demographic tendencies, to characterize 
quantitative and qualitative indices of the country’s population based on the aggrega-
tion of cartographic and statistical data – all of it is impossible without having access 
to relevant record-statistics, which are of a dynamic nature. However, independent 
search for the necessary data carried out by students often causes difficulties. The 
teacher can help: by restricting the search field by offering linking to the sites of repu-
table statistical organizations (“Information – Reference Sources” page). 

While studying the “Regional Economic and Social Geography” and “Socio-eco-
nomic Cartography” courses in Year III-IV for Bachelor Degree and Year I for Master 
Degree, geography students work with Google Classroom in a complex way: they per-
form the proposed tasks in the required editors (Docs, Sheets, Slides, etc.), send them 
to the teacher for checking up, comment on the multimedia content of the class, moni-
toring their academic achievements, offer discussion and data analysis of the infor-
mation found during the self-search to the colleagues, etc. [2]. 

Google Classroom acquires a particular importance during the study of “Information 
Systems and Technologies in Tourism Industry” course, as it can be perceived from the 
course name, ICT is its inalienable part. Thus, within the Google Classroom it is con-
venient to consider the hardware and software of the automation work of tourist enter-
prises; to demonstrate the organizational and communicational provision of the work 
of the tourist office, etc. In studying this discipline, students learn to use office appli-
cations (Google Docs, Microsoft Office 365), specific products (Quick Sales 2.0, 
SELF-Agent, etc.), get acquainted with automated reservation systems in tourism 
(Amadeus, Galileo) and others. 

 

 

Fig. 2. Levels of students’ academic achievements in the course “Regional Economic and So-
cial World Geography” 
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At the final stage of the study of the mentioned above geographical disciplines during 
2016 and 2017 the students’ academic achievements have been monitored and summed 
up. As the proof of the developed distance learning courses effectiveness, the results of 
studying the course “Regional Economic and Social World Geography” are presented 
in Fig. 2. (traditional training method was used in Group I, and blended learning with 
Google Classroom – in Group II). 

Analysis of Fig. 2 illustrates the positive dynamics in the levels of students’ aca-
demic achievements in Group II. So, it is noticeable to observe an increase in the num-
ber of students with a sufficient level and a decrease in those who have shown a low 
level. In Group II, the number of high-level students increased from 7.1 % to 10.7 %; 
with sufficient – from 32.2 % to 42.9 %; with an average decreased from 46.4 % to 
42.9 %; with a low – from 14.3 % to 3.5 %. There were no significant changes in 
Group I. 

3 Conclusion 

1. Summarizing the above stated, we may claim the benefits of using the Google Class-
room for blended learning organization are as follows: real-time interaction of real-
time learning subjects, which is particularly valuable if the volume of independent 
work is increased; the presence of constant pedagogical support and ensuring the 
integrity of both in-class and out-of-class work; increasing the visual aids in learn-
ing; development of critical thinking; formation of professional geographic compe-
tencies; attracting students to the familiar electronic environment with the use of 
ICT; operational control of educational achievements. 

2. The disadvantages to take into account when organizing distance learning through 
the Google Classroom are to be considered: the predominance of external learning 
motivation and the low level of readiness of individual students for working in the 
new environment; lack of proper material and technical support for particular aca-
demic classrooms in HEI; the need for extra-curriculum pedagogical support, which 
requires additional time consuming from the teacher; inadequate attention of indi-
vidual teachers to the problem of in-class and distance learning implementation. 

3. Further study of the problem on organizing the blended learning for geography stu-
dents is planned in the direction of developing a model and methodic of using Google 
Classroom as a tool of blended training future teachers of geography. 
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Abstract. The education system of Ukraine is closely linked with the world ed-
ucation trends, therefore it requires constant renewal and expansion. One of the 
progressive areas of organizing studying process is creating the studying envi-
ronment which will allow students to reveal their intellectual potential while 
searching for the necessary knowledge. That’s why the purpose of the article is 
analysis of the concept of augmented reality and prospects of its application in 
the process of training future engineers. The object of study is the system of train-
ing future engineers and the subject is using of augmented reality technologies in 
the process of training future engineers. The research method is analyzing the 
impact of the augmented reality technologies on the training future engineers. 
During the research, we have identified positive aspects of the augmented reality 
technologies in the process of training future engineers. We have defined the 
stages of creating some methodical system components of teaching fundamental 
disciplines in the higher technical school through interdisciplinary integration 
and technologies of augmented reality. 

Keywords: technology of augmented reality; process of training future engi-
neers. 

1 Introduction 

The key to human success is our education, which takes on a new feature in the 21st 
Century – learning throughout our life, and the ability to apply this knowledge in prac-
tice. 

The rapid change of technology, the development of information and communica-
tion technologies, the change in the paradigm of educating has led to the fact that the 
amount of knowledge necessary for a person to succeed is constantly changing and 
increasing, and therefore there is a need to acquire new knowledge quickly and quali-
tatively, and be able to apply our knowledge in everyday life and educating. 

Formal educating in a higher technical educational institution under the traditional 
system in the 20th century has been replaced by new forms of educating – distance, 



electronic and mobile [21]. Each of these forms has its own positive and negative fea-
tures, but none of them was able to replace the traditional educating process – “live” 
communication between a teacher and a student. One of the models of educating that 
was able to combine the traits of traditional educating with innovation was the model 
of mixed educating (blended learning), which enabled the student to become an active 
seeker of their own knowledge [18; 19]. 

For more immersion of the student into the educating process, in order to better vis-
ualize the knowledge gained, technologies of the complementary (mixed, augmented, 
virtual etc.) reality, which make it possible to change the approach to the organization 
of the process of educating in higher education are more relevant in recent times [16]. 

2 Related work 

The analysis of scientific sources provided an opportunity to argue that the use of tech-
nologies of augmented reality in the educating process: 

─ increases motivation for educating [9] and self-motivation [13]; 
─ increases the quality of education [5; 8; 12]; 
─ creates conditions for obtaining more thorough knowledge [17]; 
─ creates conditions for improving the quality of inclusive education [14]; 
─ provides the opportunity to build an educating process based on the model of mixed 

educating [4; 23] with the involvement of mobile information and communication 
technologies [10]. 

3 The Aim of the Study 

Thomas Preston Caudell, the author of the term “augmented reality”, in 1990 was the 
engineer of research laboratory at Boeing [6], and later, with the development of infor-
mation and communication technologies, the term gained widespread consumption not 
only as a technology expansion of reality, but and as technologies that can be used in 
the learning process. 

That is why, the purpose of the article is to analyze the concept of augmented reality 
and the prospects for its application in the process of preparing future engineers. 

4 Discussion and Results 

Let us analyze the notion of “augmented reality” in the historical context [20]. Four 
years later, from the first mention of the concept of “augmented reality” by Caudell in 
1994, the article “Taxonomy of mixed reality” was published, in which the authors 
consider such concepts as virtual reality, mixed reality and augmented reality [15]. In 
opinion Paul Milgram and Fumio Kishino, augmented reality is a technology by which 
the user’s capabilities are expanded by introducing into the user’s perception field var-
ious virtual objects in real time mode. 



 

In 1997, Ronald T. Azuma first formulated the basic principles that characterize sys-
tems using augmented reality: 

1. the combination of real and virtual world; 
2. interaction in real time; 
3. work with three-dimensional space, and also provides an interpretation of the con-

cept of augmented reality. 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 1. Milgram-Kishino taxonomy of mixed reality visual displays: a) simplified representa-
tion of a “virtuality continuum”; b) extent of World Knowledge dimension; c) Reproduction Fi-

delity dimension; d) extent of Presence Metaphor dimension 



In his view, augmented reality is the technology of integrating real and computer-gen-
erated virtual objects in the real world [2]. 

Later, in 2001, scientist added to this list the application of augmented reality appli-
cations by incorporating virtual and computer content into it, allowing a wider applica-
tion of mixed reality through a simulation that takes place in a virtual rather than a real 
world [1]. 

A wide application of the term “augmented reality” began to acquire with the devel-
opment of software and hardware for its creation and support. 

According to Evgeniia A. Daineko [7], there are several reasons for the growth in 
the popularity of technologies of augmented reality: 1) interactivity, 2) accessibility, 
3) realism, 4) innovativeness. 

So, augmented reality is technology that allows you to combine computer-aided 3D 
graphics, animation, video and textual information with real-time objects [3]; it is a 
mixed reality that can be perceived by a person, and supplemented with the help of a 
computer with elements of some reality [22]; it is a technology that combines the phys-
ical environment of a person with a layer of virtual reality in real time. It is used to 
visually supplement printed material with various virtual objects: text, sound, video, 
etc. [11]; this environment with the addition of the physical world with digital data, are 
perceived as elements of real life. When creating augmented reality in space in real 
time, objects are placed using special software and devices for their reproduction [16]. 

Using the technologies of augmented reality in the process of preparing future engi-
neers will allow: 

─ to carry out the integration of fundamental disciplines and visualize the educating 
process; 

─ make the learning process holistic, vivid, rich and will strengthen the fundamentali-
zation of engineering education; 

─ to build an open system of education that will provide each student the opportunity 
to create a personal trajectory of educating; 

─ to expand the boundaries of educating – acquire knowledge using the teaching ma-
terials of the world's leading technical universities; 

─ to make the educating process individualized and adapted for each student; 
─ to increase cognitive activity of students in the process of teaching fundamental dis-

ciplines and make the student an active competitor of knowledge; 
─ to support independent work of the student; 
─ to intensify the educating process; 
─ to increase the student’s creative thinking and expand the vision of the world. 

5 Conclusion 

Summarizing the above, it can be argued that for the further implementation of certain 
components of the application of augmented reality technologies in the process of ed-
ucating future engineers, it is necessary: 



 

─ to identify means of augmented reality that can be used in the process of teaching 
fundamental disciplines; 

─ to determine the forms and methods of organizing the process of teaching funda-
mental disciplines, taking into account the augmented reality in the higher technical 
school; 

─ to develop educating materials for visualization of the educating process, which 
combined theoretical and practical information on the subjects of the specialty and 
implemented intersubject communications; 

─ to develop a methodology for teaching fundamental disciplines based on the tech-
nology of augmented reality and experimentally test or disprove its effectiveness. 
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Abstract. The object is to the reasonable selection of the ICT tools for formation 
of ecological competence. Pressing task is constructive and research approach to 
preparation of future engineers to performance of professional duties in order to 
make them capable to develop engineering projects independently and exercise 
control competently. Subject of research: the theoretical justification of compe-
tence system of future mining engineers. Methods: source analysis on the prob-
lem of ecological competence formation. Results: defining the structure of envi-
ronmental competence of future mining engineers. Conclusion: the relevance of 
the material covered in the article, due to the need to ensure the effectiveness of 
the educational process in the preparation of the future mining engineers. 

Keywords: environmental competence, education, future mining engineer, in-
formation and communication technologies. 

1 Introduction 

Nowadays information and communication technologies (ICT) applying is one of the 
principle education tasks, which provides the education process improvement, its ac-
cessibility and effectiveness and preparing the younger generation for living in the in-
formation society. Education must serve for the society needs. Processes reflecting cur-
rent trends in society provide information technologies development and implementing. 
At present the ICT usage in education can be a catalyst in solving important social 
problems connected with increasing the educational resources and services availability 
and quality, real and equal opportunities in getting education for citizens despite their 
residence, social status and income [6]. Currently, high technologies cover almost all 
areas of our life. Professionals having common practical and theoretical skills of work 
with different information types are highly wanted. 



One of the most important education tasks is to develop students’ active cognitive 
attitude to knowledge. Cognitive activity in universities is a necessary stage in prepar-
ing for further professional life. Teacher’s task is to seek and find the best methods and 
tools of improving the educational process and leading to the cognitive interest devel-
opment. 

2 Materials and methods 

The study is carried out in “Kryvyi Rih National University” according to the plan of 
joint research laboratory using cloud technologies in education process of “Kryvyi Rih 
National University” and the Institute of Information Technologies within the research 
project “Adaptive system of individual teaching for mining engineers based on the in-
tegrated structure of artificial intelligence “A digital tutor” [8]. The author analyzes 
sources devoted to investigating the problems of ecological competence formation and 
usage of geoinformation technology in the teaching future mining engineers [7, 10]. 
This research also improves the system of competence among future mining engineers, 
gives its theoretical explanation and represents geoinformation technology means used 
in education process [11, 12]. 

3 Results and discussion 

Prerequisite for development of methodic of usage of geoinformation technologies as 
a tool for formation of environmental competence of future mining engineers is the 
solution of the following specific tasks of research: 

1. determination of major factors of modernization of professional education of future 
mining engineer; 

2. theoretical justification of competence system of future mining engineers; 
3. defining the structure of environmental competence of future mining engineers; 
4. earmarking of geoinformation technologies, application of which promotes safe ac-

tivity of mining plants. 

In result of solution of the first task, the major factors for modernization of profes-
sional education of future mining engineers is the public contract for preparation of 
competent specialists were determined. They are specified in the state industry stand-
ards of higher education and in the society sustainable development. 

The main regulatory document determining the judicial and basic arrangements for 
the activity of mining engineers concerning mining works performance, securing emer-
gency protection of mining plants, establishments and organizations is the Law on min-
ing of Ukraine (1999).  

Abdallah M. Hasna [5] considers the contribution of the principals stated in the arti-
cle 7 of the Mining law of Ukraine [6] into social, economical, ecological and technical 
development as the function of sustainable development – model of resource use, fo-
cused on the satisfaction of human’s wants when preserving of the environment in such 



 

a way, that all these wants could be satisfied not only by current generations but also 
by future ones. In such a way state policy in mining industry focused on the sustainable 
development of mining industry, science and education. 

In result of solution of the second task, it was stated that development of competency 
building approach to professional education happens, on the one side, under the influ-
ence of public contract on the preparation of competent specialists, on the other side – 
it influences on the formation of such contract in the direction of changing of state 
industry standards of higher education. 

Application of competency building approach to modernization of state industry 
standards of higher education leads to the necessity of theoretical justification and de-
velopment of competence system of future mining engineers, the component of which 
are environmental competences. 

In result of solution of the third task it was stated that formation of environmental 
competence of future mining engineer happens within professional education. 

The main environmental requirements in the field of mining works, prevention of ill 
effect of mining works and securing of ecological safety during mining works is not 
only a subject matter of certain articles of the Mining law of Ukraine, but also obligate 
constituent of preparation of environmentally competent mining engineer [13, 14]. 

In result of solution of the fourth task it was concluded that development of ICT [15] 
promotes the changes of production technological mode (including mining production), 
which provides stable technological development, namely geoinformation technolo-
gies. Education modernization in today’s society can be hardly imagined without edu-
cation innovation developing especially such as GIS technologies. GIS is an integrated 
set of hardware, software and media means, providing input, storing, processing, ma-
nipulating, image analyzing and space-coordinated data representation [3]. GIS using 
in education allows to perform independent analyzing, interrelations search, analogy 
detecting and developing abilities to explain the differences. The last statement is true 
to engineering professionals. This implementation in the engineering profession also 
has allowed to reduce waste of time during the session, to create specific pedagogical 
conditions for developing future professionals skills, increase cognitive interest, to set 
subjective position in learning activities, to build cognitive autonomy, students’ infor-
mation and communication competence, motivational readiness for cognitive activity. 
The results of the analysis show that the main key words that different researchers refer 
to environmental competence, are as follows: 

─ in relation to the subject activity: “person”, “personality”, “personal”, “education”, 
“characteristics”, “ability”, “willingness”, “quality”, “behavior”, “society”; 

─ in relation to the object of activity: “value”, “moral nature”, “environment”, “na-
ture”, “natural”, “preservation”; 

─ in relation to the content and nature of the activity: “environmental”, “professional”, 
“practical”, “experience”, “ability”, “skill”, “use”, “knowledge”, “cognitive”, “sys-
tem”, “provide”, “significant”. 

Due to the fact that, by definition of DeSeCo specialists [16], environmental sustaina-
bility (ecological sustainability) is the basis of the key competences of the individual 



associated with success in society, consideration of environmental competency is ad-
vantageously carried out at three levels: 

─ on the general level of ecological culture and environmental awareness (Zenobia 
Barlow and Michael K. Stone [1]); 

─ on a social-professional level of environmental literacy (Carmel Bofinger [2], 
B. E. Harvey [4]); 

─ on the special professional level of environmental competence (Svitlana M. 
Hryshchenko, Vladimir S. Morkun and Serhii O. Semerіkov [9]). 

The carried out analysis gives the possibility to determine environmental competence 
of future mining engineer as personal formation, which includes the acquired during 
preparation profession-oriented environmental awareness (cognitive component), 
adopted ways for securing environmentally safe mining works (praxeological compo-
nent) in the interest of sustainable development (axiological component) and the qual-
ities of socially responsible ecological behavior (socially-behavioral component) are 
formed [9]. 

By definition, formation of environmental competency of future mining engineer 
happens during professional education of bachelors in mining, that is why for determi-
nation of environmental competencies we will refer to the components of developed 
system of socially-personal, instrumental, general scientific, general professional and 
specially professional competences of future mining engineer. 

In their turn the requirements for stable social, economical and environmental soci-
ety development induce to definition of ICT focused on their support. Securing of sus-
tainable development of mining industry required definition of ICT, which consider 
scale and influence of mining production – ICT tools. 

4 Conclusion 

Summarizing, we would like to mark that environmental competency of future mining 
engineer is a personal formation, which includes the acquired during preparation pro-
fession-oriented environmental awareness (cognitive component), adopted ways for se-
curing environmentally safe mining works (praxeological component) in the interest of 
sustainable development (axiological component) and the qualities of socially respon-
sible ecological behavior (socially-behavioral component) are formed. 

Formation of environmental competency is fulfilled during acquirement of the fol-
lowing: 

─ Socially-personal competences: understanding and perception of ethical norms of 
behavior in respect to other people and nature (bioethics principals); ecological lit-
eracy; 

─ General scientific competence: deep knowledge in ecology necessary for usage in 
professional activity; 

─ Generally professional competence: the ability to use scientific lows and means dur-
ing evaluation of environmental condition, participate in environmental works, make 



 

ecological analysis of events in the field of activity, develop plans on events con-
cerning reduction of manmade load on the environment; 

─ Special professional competence: securing of ecologically balanced activity, work-
ing knowledge of reasonable and integrated development of geo-recourses potential.  

Teaching geoinformation technologies taking into account regional situation, provides 
personality formation in the natural social and cultural environment. Thus, regional res-
idence differences influence the content of their activities and interests. The education 
system based on regional characteristics supports interest. That is why teaching should 
be organized according to actual needs of students. Educational problems should be 
solved due to initiation and growth of activity, because real environmental situations 
exist within the students’ surrounding. 

Thus, solving the problem of ecological competence formation as part of the com-
plex problem in terms of competence approach it requires justifying the choice of using 
geoinformation technology as a means of ecological competence formation among the 
future mining engineers. 
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Abstract. The augmented reality technologies allow receiving the necessary data 
about the environment and improvement of the information perception. Applica-
tion of the augmented reality technologies in the information and educative en-
vironment of the higher education establishment will allow receiving the addi-
tional instrumental means for education quality increasing. Application of the 
corresponding instrumental means, to which the platforms of the augmented re-
ality Vuforia, ARToolKit, Kudan can be referred, will allow presenting the lec-
turers the necessary tools for making of the augmented reality academic pro-
grams. 
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1 Introduction 

The topicality of making this investigation is caused by the following reason. Nowa-
days the active implementation of the various information and communicative technol-
ogies is observed practically in all the spheres of human life activity, and especially in 
the educative process. 

One of the leading and promising technologies is the technology of augmented real-
ity. Its popularity is observed to a marked degree during the recent years. It initiated the 
rash progress of the wide range of the developments in the field of the augmented real-
ity. At the same time, it is necessary to mention that implementation of any technology 
deals with the definite advantages and disadvantages. The main disadvantage of the 
augmented reality technologies is practically the full absence of the documentation sup-
port, and their advantage is the obvious availability and receiving the universal tools in 
teaching any subjects. 



The various aspects of application of the augmented reality technologies as the com-
ponent of the pedagogical process were examined by Vsevolod A. Serbin and Nadezhda 
N. Zilberman [13]. The subject of the investigation of the group of the authors 
(Viktoriia A. Bakhareva, Artem V. Feshchenko, Yevhenii O. Modlo, Serhiy O. Seme-
rikov, Vsevolod A. Serbin, Viktoriia V. Tkachuk, Yuliia V. Yechkalo, Uliana S. Zakh-
arova [2; 7]) were the technologies of the virtual and augmented reality in the educative 
environment of the higher education establishment. The classification and the perspec-
tive trends of the augmented reality technologies application are given in the works of 
Boris S. Iakovlev and Sergei I. Pustov [11; 12]. However, it is necessary to mention 
that there are a great amount of the separate data in the frame of the examining theme. 
Each researcher pays his attention to the characteristics in which he is interested. This 
fact does not allow receiving the entire system of the practical application of the aug-
mented reality technologies in the subject sphere. That is why it is necessary to make 
additional investigations in the field of the augmented reality technologies in the infor-
mation and educative environment of the higher education establishment. 

2 The Aim and Objectives of the Study 

The aim of the article is to study the possibilities of the augmented reality technologies 
in the information and educative environment of the higher education establishment. 

According to the aim, the necessity of raising and determining the following tasks 
was defined: to give the characteristic for the definition “the augmented reality tech-
nology”; to analyze the possibilities of the augmented reality technologies application; 
to describe the possibilities of the augmented reality platforms – Vuforia, ARToolKit, 
Kudan; to outline the prospects for using augmented reality technologies in mining and 
professional training. 

3 Discussion and Results 

The augmented reality (AR) is a term appeared in the IT field. Originally, it was used 
for indication of the virtual information imposition technology on the real surrounding 
world [9]. The development and active implementation of the augmented reality tech-
nologies in the fields of medicine, science, industry, manufacture, social communica-
tions and in the other fields sped up the necessity of comprehension of the social con-
sequences of their influence. According to John C. Havens, they are displayed in chang-
ing the methods of the social interaction. In particular, he thinks that the augmented 
reality is not just a technology but it is the most efficient method of the direct interaction 
with the digital data [3]. 

Nowadays it became obvious that the technological interpretation of the augmented 
reality is too narrow. The augmented reality is not just a new technology but it is the 
unprecedented environment of human habitation which needs being investigated in the 
theoretical comprehension and prognostication of the perspectives of its application [5]. 



In addition to above-mentioned information, the definition of the augmented reality 
may be formulated by the following words. The augmented reality is the result of in-
troduction of any sensory data into the field of perception with the goal to add the in-
formation about the environment and improvement of information perception; the aug-
mented reality is the apprehended mixed reality created with the computer added ele-
ments of the apprehended reality application. 

It is essential to mention that nowadays the problematics of the augmented reality 
application is not practically introduced in the native pedagogical discourse. It also 
causes the topicality of our appeal to it. It must be noted that two aspects of this prob-
lematics can be pointed out. Firstly, it is application of the different augmented reality 
technologies in the educative process. Secondly, it is comprehension of the heuristic 
potential of the augmented reality conception. 

The foreign experience of the augmented reality technology application in the field 
of education is described by Nadezhda N. Zilberman and Vsevolod A. Serbin [13]. The 
various scripts and strategies of the practical application of the augmented reality soft-
ware programs in the primary and higher education are distinguished. The possibilities 
of the key services and software program applications for creating the augmented real-
ity segments are described. The classification of the software program applications of 
the augmented reality is set. The problem of forming of the methodology of the aug-
mented reality technologies practical application in the field of education is raised. 

The following types of the educative augmented reality applications are detailed by 
the author: books with the augmented reality technology which create the peculiar 
bridge between the digital and physical world; games; educative applications; objects 
modelling; applications for skills training. 

The propositions for classification of the augmented reality technologies were for-
mulated by Boris S. Iakovlev and Sergei I. Pustov. The augmented reality interfaces are 
divided into autonomous and interactive from the point of view of the interaction with 
the user [11; 12]. 

Autonomous augmented reality interfaces do not suppose the direct interaction with 
user, and to a bigger degree, they serve only for the auxiliary data provision about the 
definite object. Such software program applications can be used for the objects analysis, 
they are in a man’s sight, and one can output the corresponding information about them. 
For example, a student views the electromechanical systems and apparatus in the 
demonstration classroom. He receives the additional data about the composition, prin-
ciples of constructing, analysis and synthesis methods, structural and functional 
schemes about electromechanical equipment controlling and etc. with the help of the 
corresponding software program application [10]. 

In contrast to the autonomous augmented reality technologies, the interactive ones 
suppose the direct interaction with user. The interactive augmented reality technologies 
have all the necessary possibilities for tuning the types of the applied augmented seg-
ments of data, and they have the possibilities to receive the corresponding answers for 
the distinguished objects. As a case in functional point of such kind of software program 
augmented reality application, one can name the programs introducing the possibilities 
of changing surface colour by means of overlaying (car’s colour changing). 



The technological possibilities of the augmented reality can also be divided into 
some groups: constructing of the virtual objects in the real decorations; augmented re-
ality browser; face identification; distance control of gestures. 

The goal of the investigation by Artem V. Feshchenko et al. is to study the possibil-
ities of the devices practical application (for example, Google Glass), technological 
platform of the virtual reality (vAcademia) and augmented reality services (LayAR, 
Augment) [2]. It is proved in the work that Google Glass is a sufficient disputed tech-
nology for using in the educative practice. Foreign experience of Google Glass using 
in the field of education cannot be characterized as exclusively positive one. The alter-
native technology of the augmented reality implemented with the help of the mobile 
devices and online services is more perspective for using in the higher education estab-
lishment. Virtual educative environments application is perceived by the participants 
as online game. Therefore, the active practical vAcademia application in the educative 
process of the university is not considered as a reasonable one. 

Work of applications with the augmented reality technologies is available now. It is 
available in the sufficient wide spectrum of devices, one can single out smartphones, 
tablet computers. Owing to this, practically each person has a technical problem of the 
direct augmented reality application. It lies in the choice and implementation of the 
specific unified platform of the augmented reality. 

Nowadays there are a great amount of available libraries which intend for creating 
program augmented reality applications among which one can single out Vuforia, AR-
ToolKit, Kudan. 

Vuforia [8] is the platform of the augmented reality and the designer’s specialized 
tools of the software augmented reality (Software Development Kit – SDK) for the 
mobile devices which were worked out by the company Qualcomm. Vuforia uses the 
computer vision technologies, and also the simple volumetric real objects technologies 
and the possibilities of the flat figures tracking at real time. 

With the help of the technological augmented reality platform Vuforia, the designer 
can easily add the computer visualization functional of the virtual 3D-objects into the 
necessary software application realizing the peculiarities of identification and more ex-
act understanding of the images and objects which are observed in the reality or making 
3D-reconstructions of the surrounding and observed environment in the real world. 

By means of Vuforia, one can create AR-applications for the wide range of the in-
dustrial tasks among which one can single out interactive instructions of the working 
place, service direction, marketing materials, educative information. The full functional 
kit is realized for the whole diversity of the possible AR-applications. 

ARToolKit [1] is a tracking library with the open source code for creating of the 
powerful augmented reality applications, which apply the virtual images in the real 
world. ARToolKit is used for decision of two key problems in the extended reality: real 
objects tracking and virtual objects interaction. 

ARToolKit uses the algorithms of computer vision for solving the problem of snoop-
ing the user’s point of view. The tracking ARToolKit libraries compute the real position 
and camera orientation in relation to the physical markers at real time. It allows working 
out the wide spectrum of the augmented reality applications easily. 



Kudan [6] counts on the high productivity, provides the effective calculations, and 
it allows receiving the exact and reliable results. There are large numbers of the con-
structional blocks for Kudan system, the main basis of the code can orient on the ma-
jority of the processors’ architectures. There is no dependency from availability of the 
used operational system’s functionality. Some classes of processors can be used, be-
ginning from the low-powered processor of the general function and ending the high-
performance processors. A great amount of the hardware sensors, beginning from the 
monocular sensors and stereo cameras ending the visual and inertial depth cameras, are 
supported. 

Every aspect of the system has a great amount of quantity of settings, and one can 
work with it by means of simple API. It allows tuning the target equipment easily, and 
afterwards using it. 

The enumerated augmented reality libraries give the wide possibilities for the de-
signer, beginning from the different operational systems support ending the deployed 
instrument kit, which identifies and snoops the objects. Proceeding from the produced 
requirements for the augmented reality technologies, it becomes obvious to prefer li-
brary’s using. The library will require the minimal resources investment from the fi-
nancial point of view and from the point of view of design’s complication. The aug-
mented reality platform Vuforia corresponds the set requirements among the above-
mentioned libraries most of all. Free version availability will allow shortening the fi-
nancial costs, and Unity support will allow working out software program application, 
which will support all set of Unity platforms. It simplifies the process of working out 
and this system supporting (Fig. 1). 

 

Fig. 1. An example of using Vuforia in the professional training of future mining engineers 



According to Jónatan Jacobs, R.C.W. Webber-Youngman and Etienne van Wyk, po-
tential augmented reality applications in the mining industry is drilling work, naviga-
tional aid and operator assistance, maintenance and repair tasks, and the provision of 
real-time information [4]: 

1. When applying augmented reality to assist with drilling practices, through visual 
guidance on the usage of the drilling equipment or machine, the accuracy and effi-
ciency of drilling could be enhanced. This application could further be expanded to 
display the real-time location and orientation of the drill bit below surface or within 
the rock face, as measured through various tracking technologies. The visualisation 
of such positioning information of the drill bit and rod would then allow for faster 
reaction and adjustments by operators to improve drilling accuracy (Fig. 2). 

 

Fig. 2. Augmented drill hole with indicated deflection on the drill head 

2. An augmented reality application could be developed for safety purposes that allows 
mining operators to see hazardous scenarios and objects, such as the road bounda-
ries, approaching vehicles, or the distance to reverse to the dumping site or crusher. 
The virtual displays over the real world view of the operator could provide various 
forms of information, as well as a live video feed on “blind-spots” (Fig. 3). 



 

Fig. 3. An augmented outline of an approaching haul truck 

3. General maintenance and repair tasks on equipment, machinery and entire systems 
(e.g. conveyor belts, entire hoisting systems, pipelines etc.) can be conducted with 
greater efficiency through the utilisation of augmented reality. Essential information 
can be recalled at the working site, in real-time, and displayed. This could include 
information on various parts and devices, as well as where they are stored or instruc-
tions on how to remove or replace them. Other equipment or machinery information 
could also be displayed such as current air or pneumatic pressures, fluid levels or the 
required torque to fasten or loosen a nut (Fig. 4). 

 

Fig. 4. Example of an augmented reality application for maintenance of a haul truck 

4. Augmented reality application could go further to provide real-time guidance and 
assistance with step-by-step instructions on how to complete a specified task. Along 
with the ability to recall virtual equipment manuals or any information required to 



perform the work, such an application could bolster task efficiencies. In the same 
manner, assistance can be provided to perform effective inspections in order to re-
duce the risk of unscheduled maintenance requirements (Fig. 5). 

 

Fig. 5. Augmented maintenance on an engine 

5. Augmented reality could provide helpful and potentially lifesaving information. An 
augmented reality system could be combined with proximity detection technologies 
to detect dangerous equipment and warn personnel to maintain a safe following dis-
tance. Another potential application is to combine augmented reality with other soft-
ware systems to form a new integrated technological system (Fig. 6). 

 

Fig. 6. Real-time augmented reality information in vehicles 

The SWOT-analysis of potential augmented applications for the mining industry al-
lowed the authors [4] to highlight the following 

─ Strengths: 



 Fewer mishaps when completing tasks. 
 Expandable new technology. 
 Consists of several technologies and/or systems. 
 Faster task completion times. 
 Can enhance communication and bridge long distances through collaboration. 
 Can bridge language barriers. 
 Increased awareness. 
 Instant access to information, right at the workplace. 
 Information is in real time. 
 Can work with and connect numerous other systems and technologies. 
 Adds value to the other systems/technologies that it is linked to. 
 Interactive technological applications. 
 Better memory retention. 
 Reduced risk of inaccurate or wrong perceptions. 
 Elimination or reduction of mundane tasks. 
 Increased task efficiency. 
 Reduced operating costs. 
 Reduced labour requirements 
 Reduced reliance on specialist personnel/contractor skills 

─ Weaknesses: 
 Colour blindness factor. 
 Job loss/reduction. 
 Dependent on other technological systems, devices, knowledge/information 

source or patents. 
 Moderately high costs when various technologies need to be acquired and com-

bined. 
 Internet or local server access is required. 
 Additional hardware and software requirements. 
 Limited visual space in human field of vision. 
 System is only as good as the software coding that runs it. 
 Reduces human skill improvement. 
 Computer system is unable to improve and grow like a person. 
 Retraining or additional training requirements. 
 Size/storage limitations on mobile display devices. 
 Hardware limitations. 
 Dependent on human interaction. 

─ Opportunities: 
 Higher task efficiency. 
 Higher brain functionality. 
 Increase safety to zero harm. 

─ Threats: 
 New/foreign concept. 
 New ground/unknown territory. 
 Augmented reality often means radical change. 



 Technological incompetence. 
 Too much reliance on technology. 
 Poor synergy between components. 

4 Conclusion 

In the capacity of the advantages of the augmented reality technologies application one 
can name interactivity, simple application, possibility of inclusion into the large infor-
mation context, using of the effect of a student’s surprise. 

Nevertheless, there are some restrictions of this technology application. First of all, 
they deal with the technical peculiarities of the augmented reality technologies practical 
realization. The screen of the user’s device restricts the augmented reality. Success of 
the marker’s identification depends on many factors. They are lighting, angle of the 
user’s camera, camera’s quality. The augmented reality applications can interpret only 
a two-dimensional image. 

Thus, there is no purposeful implementation of the augmented reality technologies 
into the educational process nowadays, and there is an extremely little quantity of the 
similar applied software decisions. Nevertheless, many IT specialists have the similar 
opinion. They think the augmented reality’s future in the various fields of the human 
life activity has rather great prospects, and eventually the augmented reality technolo-
gies in the field of education lead out the system of education on the qualitative new 
level. 

As a whole, it may be said that nowadays the augmented reality technologies in the 
field of education are on the stage of their coming into being. Taking into account the 
prospects of their development, it is necessary to conduct analytics of the foreign expe-
rience and to perform educational experiments with the augmented reality at native 
schools and higher education establishments. 
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Abstract. It is shown that the calculation of scientometric indicators of the sci-
entist and also the scientific journal continues to be an actual problem nowa-
days. It is revealed that the leading scientometric databases have the capabilities 
of automated metadata collection from the scientific journal website by the use 
of specialized electronic document management systems, in particular Open 
Journal Systems. It is established that Open Journal Systems successfully ex-
ports metadata about an article from scientific journals to scientometric data-
bases Scopus, Web of Science and Google Scholar. However, there is no stand-
ard method of export from Open Journal Systems to such scientometric data-
bases as the Russian Science Citation Index and Index Copernicus, which de-
termined the need for research. The aim of the study is to develop the plug-in to 
the Open Journal Systems for the export of data from this system to scientomet-
ric database Russian Science Citation Index. As a result of the study, an in-
fological model for exporting metadata from Open Journal Systems to the Rus-
sian Science Citation Index was proposed. The SirenExpo plug-in was devel-
oped to export data from Open Journal Systems to the Russian Science Citation 
Index by the use of the Articulus release preparation system. 

Keywords: Scientometric Indicators, Scientometric Databases, Specialized 
Systems for Electronic Workflow Support, SirenExpo plug-in. 

1 Introduction 

The formalized accounting of the scientist’s productivity according to the published 
results is an important component of the evaluation of his activity, the activity of sci-
entists and scientific institutions ‒ is carried out with the help of scientometric data-
bases. Internet-accessibility of the scientific publication for today is one of the top-
priority requirements for its inclusion in any scientometric databases. 



The main source of information about the publication is their annotations and other 
metadata posted on the website of the scientific journal. The use of standard protocols 
for metadata exchange promotes a better calculation of scientometric indicators not 
only of the scientist but also of the scientific journal itself (primarily its impact factor) 
[3; 5; 6; 8; 16]. 

Unfortunately, not all leading scientometric databases have the possibility of auto-
mated metadata collection from the scientific journal’s site, which actualized the con-
duct of an appropriate study. 

2 Literature Review and Problem Statement 

The issue of qualitative and quantitative evaluation of published scientific results is 
due to the cause of the appearance of scientometry. Scientometrics determines the 
quality of scientific works and the quality of the scientist’s work by analyzing scien-
tific works on certain criteria. 

One of the founders of scientometry is John Desmond Bernal, who described the 
laws of the functioning and development of science, the structure and dynamics of 
scientific activity, the interaction of science with the material and spiritual sphere of 
society, the role of scientometry in the social process in his work «The Social Func-
tion of Science» [1] of 1939. 

After World War II, Derek John de Solla Price made a significant contribution to 
the development of science. Being a mathematician and a physicist, he defended his 
second thesis on the history of science. D. J. de Solla Price used quantitative methods 
to study science [13]. 

The term «scientometrics» was first used by V. V. Nalimov and Z. M. Mulchenko 
in the monograph «Scientometrics. Study of science as an information process», pub-
lished in 1969. Authors define scientometrics as one of the branches of science, in 
which «science is viewed as a system that self-organizing and directs its own infor-
mation flows» [10, p. 6]. «While studying science as an information process, it turns 
out to be possible to apply quantitative (statistical) research methods... It seems natu-
ral to call this direction of research – scientometrics» [10, p. 9]. 

A great contribution to scientometrics was made by Eugene Eli Garfield [6], who 
in 1960 founded Institute for Scientific Information. In 1964, E. Garfield launched the 
Science Citation Index [5], which became a powerful tool of scientometrics and be-
came the basis of the scientometric database Web of Science. 

The main scientometrics indicators are: Science Citation Index; h-index; g-index; 
i10-index and impact factor [14; 15]. 

Science Citation Index (SCI) – is a measure of the author’s influence or scientific 
work on the development of science (see Fig. 1, Fig. 2). SCI reflects the total number 
of references to a particular scientific work or author in other scientific articles. The 
negative side of scientometric research using SCI is that this index does not take into 
account the time of article influence on science. That means the author, who created 
an article of poor quality about 20 years ago and quoted at least once a year, receives 
the same citation index as the good work that received 20 citations per 20 years.  



Also, the citation index does not reflect the characterization of the scientific poten-
tial of the scientist. That is, a scientist who has written one work that has gained a 
certain popularity, and without having written more works, can have the same popu-
larity with that scientist who has many scientific works. This and other shortcomings 
of the citation index prompted scientists to create new methods for assessing scientific 
papers. 

 

Fig. 1. Indexed articles from SCI (according to [9, p. 3]) 

 

Fig. 2. The list of references to SCI (according to [9, p. 3]) 

The h-index was developed by Jorge E. Hirsch, a professor of physics at the Califor-
nia University of San Diego, who proposed «Hirsch’s index» in 2005 [8], where he 



described the algorithm of the index, as well as the advantages and disadvantages of 
alternative methods (Table 1). According to J. Hirsch, the relationship between the h-
index and the total number of citations can be described by the formula 

 Nc,tot=ah2. (1) 

J. Hirsch find empirically that a ranges between 3 and 5. 

Table 1. Traditional methods for assessing the performance of a scientist according to [8] 

No Method Advantage Disadvantage 

(i) total number of 
papers (Np) 

measures productivity does not measure importance or 
impact of papers 

(ii) total number of 
citations (Nc,tot) 

measures total impact – hard to find and may be inflated 
by a small number of “big hits”, 
which may not be representative of 
the individual if he or she is a coau-
thor with many others on those 
papers. In such cases, the relation in 
Eq. 1 will imply a very atypical 
value of a > 5; 
– gives undue weight to highly cited 
review articles versus original re-
search contributions. 

(iii) citations per paper 
(Nc,tot/Np) 

allows comparison of 
scientists of different 
ages 

hard to find, rewards low produc-
tivity, and penalizes high productivi-
ty 

(iv) number of “signifi-
cant papers”, de-
fined as the number 
of papers with more 
then y citations 

eliminates the disad-
vantages of criteria (i), 
(ii) and (iii) and gives 
an idea of broad and 
sustained impact 

y is arbitrary and will randomly 
favor or disfavor individuals, and y 
needs to be adjusted for different 
levels of seniority 

(v) number of citations 
to each of the q 
most-cited papers 

overcomes many of the 
disadvantages of the 
criteria above 

it is not a single number, making it 
more difficult to obtain and com-
pare; also, q is arbitrary and will 
randomly favor and disfavor indi-
viduals 

h-index is a scientific metric that is a quantitative characteristic of the performance 
of a scientist, group of scientists or a country. According to J. Hirsch, the scientist has 
an index h, if his Np articles are quoted at least h times. Scientific works that do not 
satisfy this condition are not included in the indexation. 

The peculiarity of the h-index is that it well reflects the results of scientific work 
when comparing the productivity of the scientific process in one area of activity. The 
disadvantage of the h-index is that the scientific index depends on the activity of the 
scientist. If a scientist ceases to engage in scientific work, his index will be the same 
as he was before, or at best, the scientist will have an h-index equal to the number of 
his articles. 



The problem of staticity of the h-index was attempted to solve by a Belgian scien-
tist from Universiteit Hasselt Leo Egghe by offering the g-index [4]. For a plurality of 
papers by a scholar sorted by the number of quotes, g-index is the largest number that 
g most cited articles received a total of at least g2 citations (see Fig. 3). 

 

Fig. 3. The graph of the g-index (according to [14]) 

i10-index is the number of publications that were quoted not less than 10 times [7]. 
i10-index was developed by Google in 2011. This indicator depends predominantly 
on the age of the researcher and has a tendency to grow steadily. The five-year 
i10-index allows you to assess the current performance, and the overall ‒ the impact 
of the work of a scientist on modern science without taking into account his past suc-
cesses [8]. 

Impact factor (IF) is the ratio of the number of citations of articles of a certain 
journal to the total number of articles published in this journal (Eq. 2). In each par-
ticular year, the factor influencing the journal is the number of citations this year of 
the articles published in the journal over the past two years, divided by the total num-
ber of articles in this journal over the past two years [2]. 
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 (2) 

The basis for the analysis of the quantity and quality of the above indicators is the 
scientometric databases. They include bibliographic, abstract or full-text material on 
scientific publications, as well as tools for further tracking articles cited, internal 
search, etc. Scientometric databases are divided into commercial and free ones. The 
most popular commercial scientometric databases are Scopus and Web of Science. 



Non-profit-oriented ones include Google Scholar, Russian Science Citation Index, 
DOAJ, WorldCat, Index Copernicus. The analysis of the leading scientometric data-
bases has made it possible to identify their two main categories: 1) databases that 
index article’s metadata automatically (Scopus, Web of Science), and 2) databases 
that article’s metadata need to be entered by user’s own hands (Russian Science Cita-
tion Index, Google Scholar and Index Copernicus). 

Reduce the costs of supporting the work of the editorial board by creating the abil-
ity for members of the editorial board to work in the mode of remote access, increase 
the efficiency of editorial and publishing processes, improve scientific metrics, etc. 
provide specialized systems for supporting electronic document management. 

The study identified four of the most popular systems that have different function-
ality for the publication of scientific papers ‒ Open Journal Systems, DSpace, Koha 
and EPrints. The largest support for the editorial staff of the journal provides the Open 
Journal Systems (OJS) [12], the latest version of which (3.1) is partially documented 
and in a state of development. OJS is a free software developed by a nonprofit Public 
Knowledge Project. The system has a wide range of tools for editors of scientific 
journals. If some functionality is missing, it can be expanded using plug-ins. The OJS 
functionality and low system requirements have made it the standard to support the 
work of editorial boards of scientific journals. OJS successfully exports metadata 
about articles from scientific journals to such well-known scientometric databases as 
Scopus, Web of Science, Google Scholar, but there is no standard export method from 
OJS to such scientometric databases as Russian Science Citation Index and Index 
Copernicus. eLibrary development is used for submitting data to the Russian Science 
Citation Index that is the Articulus. The manual data input to Articulus is duplicated 
the work on preparing the description of the articles that has already was done in OJS, 
and therefore it’s important to automate this process in order to reduce the unproduc-
tive time costs of members of the editorial board of the journal. 

3 The Aim and Objectives of the Study 

The aim of the study is to develop the plug-in to the Open Journal Systems for the 
export of data from this system to sciencemetric database Russian Science Citation 
Index. 

To accomplish the set goal, the following tasks had to be solved: 

1. to develop an infological model for the metadata export from Open Journal Sys-
tems to the Russian Science Citation Index; 

2. to develop and test the plug-in to the Open Journal Systems for the metadata export 
to the Russian Science Citation Index. 



4 Simulation and Development of Software for Export 

Automation from Open Journal Systems to Russian 

Science Citation Index 

The OJS has a number of additions to export data in popular formats, as well as to the 
DOAJ open source directory. Unfortunately, with the transition to the new (third) 
version of OJS, the documentation for the plug-in developer is still not relevant. 

In addition to the undocumented structure of the plug-in, there is another problem – 
the under-contentiousness of the metadata required for the Russian Science Citation 
Index. In Table 2, an infological model for the export of metadata from OJS to the 
Russian Science Citation Index was developed by analyzing the results of numerous 
experiments on the data export to/from the Russian Science Citation Index. As a re-
sult, XML structures were installed for import into the Russian Science Citation Index 
system. 

Table 2. Model of Metadata Export from OJS to Russian Science Citation Index 

RSCI tag Description 

OperCard a tag describing user information in the Articulus system 
(automatically filled in by the system when creating or im-
porting a journal) 

Titleid log title identifier 

ISSN an international standard serial number that allows to identify 
periodicals 

EISSN an international standard serial number that allows to identify 
an electronic periodical 

JournalInfo the block where you can specify Title 

Title (JournalInfo) the subset of the JournalInfo tag, in which you can specify the 
name of the journal in different languages using the language 
attribute (lang=”UKR”, lang=”ENG”, etc). 

Issue the main tag, which describes all data of journal issue 

Volume journal volume 

Number issue number 

AltNumber end-to-end issue number 

Part part of issue 

DateUni date in YYYYMM format 

IssTitle volume name 

Pages number of pages in a volume 

Articles the main block, which contains a description of all the articles 

Article the block of the article, which describes all metadata articles 

ArtType type of article 

Authors the main block of the article’s authors 



RSCI tag Description 

Author a block that describes single author using the tags: surname, 
initials, orgName (Organization Name), email, otherInfo 
(other information) 

ArtTitles article title block description. The block may include differ-
ent languages that are specified when describing the title of 
an article 

Text text of the article 

Codes bibliographic description of the article, e. g, UDC, Dublin 
Core etc. 

KeyWords a block that describes the article keywords using the keyword 
tag 

References references to other articles 

Files files that belong to the article 

The development of the export model allowed us to move on to the next task – de-
signing and developing a plug-in for export. 

When developing the plug-in, the PHP programming language was used; the server 
with the LAMP-stack worked under Ubuntu Server 17.04. The following main assets 
were used to analyze and write the plug-in: PHPStorm, HeidiSQL, Git. 

OJS has a number of shortcomings in the documentation that describes the rules 
and requirements for writing plug-ins to the system. But it is important to note that the 
program code is written by OJS authors, is well commented and uses comments in the 
form of Doxygen [17]. In the process of document search, the automatically generated 
Doxygen documentation for the OJS components was found. 

To generate an XML file, you had to understand the structure of the import file to 
the Russian Science Citation Index – for this purpose, the Articulus system exported 
and identified the XML tags needed for export. Based on experiments with Articulus 
exports to the metadata described in Table 2, mandatory and optional fields were 
identified and their association with the OJS metadata was established. 

The general scheme of the plug-in operation (see Fig. 4), is fairly transparent, 
which resulted in its rapid prototyping and development. 

 

Fig. 4. General scheme of work of the developed plug-in 

The created plug-in, called SirenExpo (https://github.com/Ladone/SirenExpo) (see 
Fig. 5). It was installed in the OJS system by copying the plug-in directory to the 
appropriate directory. 



 

Fig. 5. SirenExpo plug-in interface 

When using the plug-in, the user receives a list of journal issues that are available to 
him for export. To download the issue, select the issue and click on the “Export Is-
sues” button. The program generates an archive and returns to the user. An example 
of the generated archive contains two pdf-files and one XML-file (see Fig. 6). 

 

Fig. 6. Generated issue files 

When authorizing the Articulus system, the user will receive a list of issues that can 
be transferred for indexing in the Russian Science Citation Index. In the menu, you 
need to click the “Restore Project” button. The user will go to the project recovery 
page, where you need to upload the archive generated by the SirenEXPO plug-in. 

After uploading the file, the user receives a brief description of the journal issue, 
which was restored using the import function to Russian Science Citation Index (see 
Fig. 7). 

At the Articulus, you need to click the “Restore project” button, and then a dialog 
box will open, in which you need to select the archive file generated by the SirenEX-
PO plug-in. After uploading the archive, all metadata required for the Russian Science 
Citation Index will be successfully imported. It is also possible to go to the restored 
project using the link “Open Project”, in which there will be a window for editing the 
metadata of the journal. Editing of the restored project is depicted in Fig. 8. 

So, with the help of SirenEXPO plug-in, you can export journal issues from the 
Open Journal Systems to the Russian Science Citation Index. The resulting archive is 
successfully uploaded into the Articulus – as a result, a new project with metadata 
imported from Open Journal Systems is created. 



 

Fig. 7. Restoring of the project in Articulus 

 

Fig. 8. Editing the restored project 



5 Conclusions 

As a result of the research, a new plug-in for the OJS was created, with the help of 
which you can export data to the scientometric database Russian Science Citation 
Index. The work describes the plug-in structure, the source code clearly shows where 
the information came from and how it was developed. If you need to create a new 
plug-in to OJS or add another scientometric database that needs to be imported, based 
on this development and research results, you can create new plug-ins for export to 
other scientometric databases, such as Index Copernicus. 
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Abstract. The aim of the study: analysis of the current state and prospects for the 
development of augmented reality in Ukraine in business and education. The ob-
jectives of the study: to analyze the experience of using the augmented reality in 
advertising, marketing, education of Ukraine; to investigate the problems exist-
ing in this direction. The object of the study: the process of using augmented re-
ality in advertising, marketing, education. The subject of the study: specific pro-
jects using the augmented reality in advertising, marketing, education. The used 
method of study was theoretical that included analysis of articles and materials of 
conferences on the research problem. The results of the study: nowadays, the aug-
mented reality is used primarily in the field of advertising and marketing of 
Ukraine. As an example is the advertisement of Kyivstar (virtual tour around 
Ukraine, augmented reality quest), some of the Ukrainian companies have certain 
results in in this direction, for example, Augmented Pixels, Simo AR (in the de-
velopment of a browser with augmented reality, the Kontramarka ticket service 
is implemented), Live Animations (such projects as Wonderland AR, My Yeti, 
Live Coloring, Gapchinska, Live Photo are already implemented). Among the 
problems that exist with the introduction of these technologies in education, first 
of all, we should note the shortage of specialists in the preparation of such edu-
cational projects and the uncoordinated actions of business and education in this 
direction. Main conclusions and recommendations: in order to disseminate re-
search results it is necessary to hold thematic events of the all-Ukrainian level. 

Keywords: augmented reality, AR, business, advertising, marketing, education, 
Ukrainian projects. 

According to the chief of Apple – Tim Cook, the technology of augmented reality is 
also known as AR and such a “a big idea” capable of changing the world, as before it 
was done by a smartphone [21]. According to the definition of Ronald T. Azuma, the 
augmented reality has three characteristic features: combines virtual and real, interacts 
in real time, works in 3D [4]. Despite the fact that this term is quite new among the 
masses, scientists refer to the augmented reality by the end of the 1950 when Morton 
Leonard Heilig developed a simulator called Sensorama [6]. 

In Ukraine, an ordinary citizen can often deal with augmented reality in the field of 
advertising or marketing. Therefore, let’s consider these areas in more detail. 



In the sphere of advertising, the giant of Ukrainian mobile communication Kyivstar 
has more achievements in the direction of using the augmented reality. So, one of the 
first applications is the application Kyivstar Reality [11]. Thanks to this application, 
you can read the mark from the Kyivstar billboard, and from the static image the ad-
vertisement on the smartphone screen turns into a realistic video. The next step of this 
mobile operator was the holding of a three-week quest (starting from October 4, 2017) 
with elements of augmented reality using the application V.QUEST [10]. Participants 
had to find virtual tips. The quest took place in Kiev, Kharkov, Lviv, Dnipro, Odessa 
and other cities of Ukraine. Further Kyivstar within the framework of the advertising 
campaign “Qualitative 3G” arranged a virtual tour of Ukraine in 360 format [12]. Once 
in front of the billboard, all users of the Kyivstar Reality application can travel to 
Ukraine. It's enough just to activate the application and put the smartphone on a bill-
board with a special marker. Travel in 360 mode will begin with the depicted city. In 
the future, the user can select the navigation using the markers on the map. For a full 
immersion in the trip, you can visit the branded shops and use the Virbox with helmets 
VR cardboard (helmet for simulating virtual reality, assembled according to a special 
scheme of cardboard, optical lenses, magnet and velcro fastening). A smartphone with 
preinstalled software is embedded in the helmet in the smartphone, the magnetometer 
can react to changing the magnetic field. According to the data from the smartphone 
camera, magnetometer and accelerometer, the program simulates the effect of virtual 
reality [23]. 

Among the Ukrainian companies working in the direction of augmented reality, we 
can note the startup Simo AR [5], in the plans of which is the creation of a search 
browser with augmented reality, will provide the opportunity to purchase goods in one 
click with the help of a smartphone camera. Between the implemented projects of this 
startup can be called ticket service Kontramarka [20], recognizes posters and offers 
users to immediately purchase a ticket. 

Another Ukrainian company that creates projects for augmented reality is Brainberry 
Global. On October 30, 2015, Augmented Reality MeetUp 2.0 was held in Kiev for 
representatives of business, digital agencies and technologists who are interested in 
trends and key aspects of the application of Augmented Reality technologies in various 
fields of business and science [22]. The organizer of the event is IT company Brainberry 
Global presented to the public the world's first video message service Minute of Life 
[15] with augmented reality, which users can create themselves and place on different 
physical objects. So, for starters it is suggested to download or record a video or photo, 
then add audio files, view the received video message and create a marker. Also, the 
company announced its start-up “ABC, Talk with me” – a mobile application that rec-
ognizes letters on cubes. Thus, the child can check the correctness of the word made up 
of cubes. 

Live Animations is an international IT company of Ukrainian “origin”, specializing 
in the development of innovative products with augmented reality for children [13]. 
The slogan of the company is “We make the world better by adding charms to it”. 
Among her projects can be called: 



─ Wonderland AR: the book “Alice in Wonderland” with illustrations by Eugenia Gap-
chinskaya that come alive with the use of augmented reality; 

─ My Yeti: a wrapper for ice cream, when you move the smartphone camera to the 
image of the Yeti, a cartoon series about the adventures of the Yeti is loaded [17]; 

─ Live Coloring: “reviving” coloring: you can download the coloring, paint it and re-
vive in the colors in which they are painted; 

─ Gapchinska: “animated” images of angels on a box of chocolates, postcards or other, 
where there is an image logo. They can be photographed, also the application allows 
you to create a romantic postcard for a loved one and the angels will also be there 
alive; 

─ Live Photo: “animated” notebooks: if the wrapper of special notebooks, books, note-
books, puzzles, etc. has a “Live Photo” logo, then using a special application you 
can “revive” the characters of the wrapper. 

At the end of 2017, the Venture Reality Fund [21] published the results of the AR/VR 
market research, according to which Augmented Pixels is named among the leaders in 
the machine vision category, an international startup with Ukrainian “roots” in the aug-
mented reality area (the first name is AR23D, founded in 2010 in Odessa). Augmented 
Pixels entered the list of the largest suppliers of components for Computer Vision (a 
system of so-called computer vision, allowing machines to identify, track and classify 
objects). 

It should be noted that in the countries of the near abroad, targeted activities are 
carried out in the direction of “Augmented Reality”. Among them one can single out: 

─ the conference and the hackathon “AVRA MINSK DAYS” that was on April 14-16, 
2017. The format of the event provided an opportunity not only to learn about suc-
cessful projects, new technological achievements, get acquainted with industry rep-
resentatives, but also to unite professionals to create their breakthrough product in 
the AR/VR area and present it to investors. The program of the event: VR Talks 
(reports of experts on the spectrum of application of AR / VR technologies, with 
facts and figures, case studies and demonstration of products), VR Show Stage 
(demonstration of new AR / VR projects – spheres from games and entertainment, 
to business, education, industry, art), Test Drive (the opportunity to test the latest 
AR/VR devices, attractions, incredible games, movies and animation, etc.), AVRA 
Job (job fair for AR/VR professionals, communication with potential employers) 
[1]; 

─ business forum “AVRA DAYS SKOLKOVO” was on October 24, 2017 about ef-
fective AR/VR technology. The purpose of the forum was to unite the efforts, 
knowledge and experience of AR/VR-companies, business representatives and ad-
vertising agencies. The following industries were represented at the forum: industry, 
education, marketing, advertising, retail, real estate, medicine, cinema and anima-
tion, games and eSports [3]. 

Ukraine has not yet taken place in measures of such level dedicated to the issues of 
augmented reality – but the question of direction may be considered in thematic blocks, 
such as the annual conference InnoTech Ukraine (it was 23-24 March 2018) [8] that 



dedicated to trends of technological innovations. At InnoTech Ukraine will be equipped 
exhibition area with the presentation of the latest domestic and foreign developments 
regarding the Internet of things, robotics, AR/VR/MR-technology and 3D-printing. 

According to Alla Wolf (member of the Performance Augmentation Lab, which is 
engaged in theoretical and practical studies of augmented reality technology) “true po-
tential of augmented reality lies not in entertainment and games, but in new features 
that augmented reality opens for education and production” [18]. 

By analyzing the speed of the development of complementary (or virtual) reality 
technologies and the possibilities of their use (first of all, it is the visualization of the 
material and, as a consequence, elimination of cognitive overload), it can be argued that 
it is expedient and necessary for their use in the educational process. For example, the 
project “Virtual Museum of Computer Technology” was implemented at the Poltava 
School # 9 and a manual was developed using the technology of complemented reality 
[14]. The fruitful work on the use of complementary reality technologies and teachers 
of the Kryvyi Rih National University Andrii M. Striuk, Viktoriia V. Tkachuk, Yuliia 
V. Yechkalo, and others [16; 19]. 

Undoubtedly, projects with the addition of reality have a huge future in the field of 
education, but their creation is restrained by such factors as: lack of specialists; the lack 
of measures at all-Ukrainian level to cover the achievements in this direction. 
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Abstract. The article discusses the prospects of the augmented reality using as a 
component of a cloud-based environment. The research goals are the next: to 
explore the possibility of the augmented reality using with the involvement of the 
cloud-based environment components. The research objectives are the next: to 
consider the notion of augmented reality; to analyze the experience the aug-
mented reality using within the cloud environment / system; to outline the pro-
spects of the augmented reality using in educational institutions; to consider the 
technical conditions of the augmented reality use. The object of research is: the 
educational process in educational institutions of Ukraine of different levels of 
accreditation. The subject of research is: the educational process in a cloud-based 
environment in educational institutions of Ukraine. The research methods used 
are the next: analysis of scientific publications, observations. The results of the 
research are the next: on the basis of the analysis of scientific works, it has been 
established that the experience of the augmented reality using in the systems 
based on cloud technologies already exists. However, the success of such a com-
bination has not yet been proven. Currently, laboratory tests are known, while the 
experiment was not carried out under natural conditions in control and experi-
mental groups. It is revealed that the attraction of the augmented reality for the 
educators requires the development of new methodologies, didactic materials, 
updating and updating of the curriculum. The main conclusions and recommen-
dations: the main principles of augmented reality use in the learning process are: 
designing of the environment that is flexible enough, attention should be paid to 
the teaching and didactic issues; adjusting the educational content for mastering 
the material provided by the curriculum; the research methods that can be used 
in training along with the elements of augmented reality are to be elaborated; 
development of adaptive materials; training of teachers, which will include aug-
mented reality in educational practice. 

Keywords: augmented reality, cloud computing, cloud technologies, cloud-
based environment, component of the cloud-oriented environment. 

Cloud services have long been attracting the brisk interest of scholars in all areas. 
The educational sciences have not become an exception. However, there was a problem 
of lack of the learning methods of these technologies use; the methods of designing of 
the specific environments for higher and secondary educational institutions of Ukraine, 



adapted to the needs of teachers and students, teachers and pupils. A plenty of works 
(e.g., [6; 7; 8; 9; 13; 16]) were devoted to the solving of a number of problems concern-
ing the cloud services educational implementation. The number of universities and in-
stitutions in Ukraine that use cloud services not only to save money, but to increase the 
efficiency and convenience of educational services providing is constantly increasing. 

However, the classical methods and techniques of pedagogical science suffer 
changes related to the introduction of new learning tools. Pupils and students are inter-
ested in new technologies based on virtual and augmented reality. In addition, there is 
a point of view that the use of augmented reality in teaching activities will simplify the 
learning process, provide an opportunity to save money on demonstration materials and 
does not require the purchase of additional equipment (for example, the smartphone has 
almost every student and pupil). 

According to the Michael A. Dougherty, Samuel A. Mann, Matthew L. Bronder, 
Joseph Bertolami, and Robert M. Craig [4] augmented reality – is a combination of 
real-world data and computer data to create a unified user environment. Real-world 
data can be collected using an appropriate data collection method such as by means of 
a camera or a chip of the phone. These data can be processed and merged with the data 
developed by the computer to create the user’s environment. One of the most common 
forms of augmented reality is the use of video images taken and processed by a video 
camera, with the increased graphics from a PC or other image. 

That is, for most institutions that have deployed the cloud environment, it would be 
possible to include into it the components of augmented reality, or link it with existing 
didactic material. Installing the module for learning using augmented reality in the 
cloud is to provide a more efficient exchange of information between teachers and de-
veloper services, students or pupils. By providing access to the augmented reality mod-
ule through the cloud environments, you can solve the problem of the equipment of 
educational institutions with powerful computing devices. This reduces the cost of it’s 
implementation. 

Ji-Seong Jeong, Mihye Kim, and Kwan-Hee Yoo offer quite interesting develop-
ments [5]. The proposed system provides the delivery and exchange of various appli-
cations of educational content by integrating a number of functions necessary for the 
deployment of a learning media service environment in the cloud. Due to this, teachers 
and lecturers will be able to create various forms of educational content, including text, 
images, videos, 3D objects and virtual reality-based (VR) and augmented reality (AR) 
virtual scenes using an author’s tool, driven cloud in a common format. The authors 
offers to use them to develop the learning environment not only in schools but also in 
universities and institutes. The system may be adapted to the needs of each student / 
pupil, with the analysis of their benefits to the perception of new material, learning 
styles and content usage templates. 

Research [1] shows that the augmented reality can be used to study, motivate and 
concentrate attention, in addition, interaction with the objects of the augmented reality 
improves the understanding and memorization. By creating an image of a 3D object, 
using the augmented reality, the teacher invites and attracts the attention of students, 
which is difficult to hold so long by means of other tools of learning (for example, 



 

traditional). In addition to these benefits, by involving augmented reality it will be pos-
sible to overcome the problems, repair and maintain of experimental equipment, stu-
dents will be able to experiment without affecting the environment. Students are en-
gaged with the augmented reality aspect and the opportunity to study the subject matter 
in the natural environment. Owing to augmented reality it becomes possible to make 
the virtual objects and the real world objects coexist, representing the object of a study, 
such as atomic structure that can be studied in a convenient representation, expanding 
the boundaries of space and time. 

Augmented reality can be performed by means of [3]: marker position; geolocation; 
QR-code. 

In the first case, the process is to associate 3D images, videos, or animations by 
means of the print mark of specific software. When a token passes through a webcam, 
the virtual layer contained in this token will be activated. As a result, if the marker 
perspective has changed, the virtual objects will change their orientation, and this will 
allow us to observe them in three-dimensional mode. Software programs such as Aug-
mentaty, BlippAR, BuildAR and ARSights can be used for implementation in educa-
tional environments; these programs are intuitive and easy to use [15]. 

The second case is limited to the geolocation augmented reality, its purpose is to 
integrate augmented reality technologies, GPS, visual search system (CVS) and map-
ping (SLAM) [10; 11]. Such programs offer for users a structure for interacting with 
the city system, depending on their location at a certain point. By using the camera of 
their mobile device, the users my receive a physical image of the place and overlay the 
virtual layers of information that shows them. Users have a wide range of real-time data 
about upcoming events, history of the environment, institutions, etc. [12] 

With regard to the third and last case, the use of augmented reality using QR codes, 
the interaction is perceived through a two-dimensional square form of the code that 
allows to store a large variety of alphanumeric combinations, which can then be visu-
alized with a QR-reader installed on the mobile device; and it is through these codes 
that you can submit information [2]. 

Marcus Specht, Stefaan Ternier, and Wolfgang Greller identified the following tech-
nical components for mobile systems to work correctly with augmented reality [14]: 

─ flexible display systems, including system displays on the head, telephone camera 
and portable projectors. Media technologies are becoming more flexible and more 
profitable to produce. These technologies allow expanding the visibility of mobile 
users; 

─ sensor systems in mobile devices such as gyroscopes, GPS, electronic compasses, 
cameras, etc., microphones, and local area tracking systems; 

─ protocols and standards for the wireless network that support internal and external 
setup. They also provide access to multiplayer interaction in real-time augmented 
reality; 

─ mobile phones with computing power, allowing to visualize 3D objects and overlay 
in real time on an autonomous device; 

─ label tracking technology with six degrees of freedom, multi marker tracking and 



hybrid tracking system. This technology is also associated with one of the most stud-
ied areas of augmented reality; 

─ the binding of augmented reality information based on location, based on textbooks, 
and storytelling. There are examples where augmented reality is used to support 
learning for this augmented reality experience is to be associated with educational 
programs, projects, or at least with the structure of objectives and approaches; 

─ flexible augmented reality browsers based layer with integration with social net-
works. Basically, the augmented reality system should be based on existing infor-
mation channels and can provide information to users as a new kind of user interface. 
Therefore, the realization of mobile virtual reality for learning should consist of open 
interfaces to existing content and services. 

Consequently, the inclusion of augmented reality to create new learning situations is 
allowed with the use of several principles, such as: the design of the environment that 
is flexible enough to provide the introduction of augmented reality components avoid-
ing the technical problems; great attention should be paid to educational and didactic 
issues; essential elaboration of educational content to achieve a high level of mastering 
material beyond the mere reproduction for the learners and to allow teachers, as well as 
students to develop their IT competence; explore the methods that can be used in train-
ing with the elements of augmented reality; development of adaptive materials that can 
be used in different formats; training of pedagogical staff that can incorporate the added 
reality into educational practices and use it. 

References 

1.  Ab Aziz, N.A., Ab Aziz, K., Paul, A., Yusof, A.M., Mohamed Noor, N.S.: Providing aug-
mented reality based education for students with attention deficit hyperactive disorder via 
cloud computing: Its advantages. In: 14th International Conference on Advanced Commu-
nication Technology (ICACT). PyeongChang, pp. 577–581 (2012) 

2.  Buzko, V.L., Echkalo, Yu.V.: Mozhlyvosti vykorystannia QR-kodiv u navchanni fizyky 
(The possibility of use of QR-codes in teaching physics). Naukovi zapysky, Seriia: Prob-
lemy metodyky fizyko-metematychnoi i tekhnolohichnoi osvity. 10(1), 112–118 (2016) 

3.  Cabero, J., Barroso, J.: The educational possibilities of Augmented Reality. Journal of New 
Approaches in Educational Research. 5(1), 44–50 (2016). doi:10.7821/naer.2016.1.140 

4.  Dougherty, M.A., Mann, S.A., Bronder, M.L., Bertolami, J., Craig, R.M.: Augmented Re-
ality Cloud Computing. US Patent 2010/0257252 A1, 7 Oct 2010 

5.  Jeong, J.-S., Kim, M., Yoo, K.-H.: A Content Oriented Smart Education System based on 
Cloud Computing. International Journal of Multimedia and Ubiquitous Engineering. 8(6), 
313–328 (2013). doi:10.14257/ijmue.2013.8.6.31 

6.  Markova, O., Semerikov, S., Popel, M.: СoCalc as a Learning Tool for Neural Network 
Simulation in the Special Course “Foundations of Mathematic Informatics”. In: Ermola-
yev, V., Suárez-Figueroa, M.C., Yakovyna, V., Kharchenko, V., Kobets, V., Kravtsov, H., 
Peschanenko, V., Prytula, Ya., Nikitchenko, M., Spivakovsky A. (eds.) Proceedings of the 
14th International Conference on ICT in Education, Research and Industrial Applications. 
Integration, Harmonization and Knowledge Transfer (ICTERI, 2018), Kyiv, Ukraine, 14-
17 May 2018, vol. II: Workshops. CEUR Workshop Proceedings (CEUR-WS.org), vol. 
2104, pp. 388–403 (2018) 



 

7.  Markova, O.M., Semerikov, S.O., Striuk, A.M.: The cloud technologies of learning: origin. 
Information Technologies and Learning Tools. 46(2), 29–44 (2015) 

8.  Merzlykin, O.V., Semerikov, S.O.: Perspektyvni khmarni tekhnolohii v osviti (Prospective 
Cloud Technologies in Education). In: Proceedings of the scientific and practical workshop 
on Cloud Technologies in Modern University, Cherkasy, 24 Mar 2015, pp. 31–33. ChDTU, 
Cherkasy (2015) 

9.  Merzlykin, O.V.: Khmarni tekhnolohii yak zasib formuvannia doslidnytskykh kompetent-
nostei starshoklasnykiv u protsesi profilnoho navchannia fizyky (Cloud technologies as 
tools of high school students’ research competencies forming in profile physics learning). 
Thesis for the degree of candidate of pedagogical science, Institute of Information Tech-
nologies and Learning Tools of the NAPS of Ukraine (2017) 

10.  Modlo, E.O., Echkalo, Yu.V., Semerikov, S.O., Tkachuk, V.V.: Vykorystannia tekhnolohii 
dopovnenoi realnosti u mobilno oriientovanomu seredovyshchi navchannia VNZ (Using 
technology of augmented reality in a mobile-based learning environment of the higher ed-
ucational institution). Naukovi zapysky, Seriia: Problemy metodyky fizyko-matematychnoi 
i tekhnolohichnoi osvity. 11(1), 93–100 (2017) 

11.  Morkun, V., Semerikov, S., Hryshchenko, S., Slovak, K.: Environmental Geo-information 
Technologies as a Tool of Pre-service Mining Engineer’s Training for Sustainable Devel-
opment of Mining Industry. In: Ermolayev, V., Bassiliades, N., Fill, H.-G., Yakovyna, V., 
Mayr, H.C., Kharchenko, V., Peschanenko, V., Shyshkina, M., Nikitchenko, M., Spivakov-
sky, A. (eds.) ICT in Education, Research and Industrial Applications. Integration, Harmo-
nization and Knowledge Transfer 2017, 13th International Conference on ICT in Education, 
Research and Industrial Applications. Integration, Harmonization and Knowledge Transfer 
(ICTERI, 2017), Kyiv, Ukraine, 15-18 May 2017. CEUR Workshop Proceedings (CEUR-
WS.org), vol. 1844, pp. 303–310 (2017) 

12.  Semerikov, S.O., Striuk, M.I., Moiseienko, N.V.: Mobilne navchannia: istoryko-tekhnolo-
hichnyi vymir (Mobile learning: historical and technological dimension). In: Konoval, O.A. 
(ed.) Teoriia i praktyka orhanizatsii samostiinoi roboty studentiv vyshchykh navchalnykh 
zakladiv (Theory and practice of organization of independent work of students of higher 
educational institutions), pp. 188–242. Knyzhkove vydavnytstvo Kyreievskoho, Kryvyi 
Rih (2012) 

13.  Shokaliuk, S.V., Markova, O.M., Semerikov, S.O.: SageMathCloud yak zasib khmarnykh 
tekhnolohii kompiuterno-oriientovanoho navchannia matematychnykh ta informatychnykh 
dystsyplin (SageMathCloud as the Learning Tool Cloud Technologies of the Computer-
Based Studying Mathematics and Informatics Disciplines). In: Soloviov, V.M. (ed.) Mod-
eling in Education: State. Problems. Prospects, pp. 130–142. Brama, Cherkasy (2017) 

14.  Specht, M., Ternier, S., Greller, W.: Dimensions of Mobile Augmented Reality for Learn-
ing: A First Inventory. The Journal for the Research Center for Educational Technology. 
7(1), 117–127 (2011) 

15.  Striuk, A., Rassovytska, M., Shokaliuk, S.: Using Blippar Augmented Reality Browser in 
the Practical Training of Mechanical Engineers. In: Ermolayev, V., Suárez-Figueroa, M.C., 
Yakovyna, V., Kharchenko, V., Kobets, V., Kravtsov, H., Peschanenko, V., Prytula, Ya., 
Nikitchenko, M., Spivakovsky A. (eds.) Proceedings of the 14th International Conference 
on ICT in Education, Research and Industrial Applications. Integration, Harmonization and 
Knowledge Transfer (ICTERI, 2018), Kyiv, Ukraine, 14-17 May 2018, vol. II: Workshops. 
CEUR Workshop Proceedings (CEUR-WS.org), vol. 2104, pp. 412–419 (2018) 

16.  Striuk, M.I., Semerikov, S.O., Striuk, A.M.: Mobility: a systems approach. Information 
Technologies and Learning Tools. 49(5), 37–70 (2015) 

 



Using the Augmented Reality to Teach of Global Reading 

of Preschoolers with Autism Spectrum Disorders 

Tamila H. Kolomoiets1[0000-0002-7321-0901] and Darja A. Kassim2 

1 Kryvyi Rih State Pedagogical University, 54, Gagarina Ave., Kryvyi Rih, 50086, Ukraine 
tamilak2561@gmail.com 

2 Kryvyi Rih Metallurgical Institute of the National Metallurgical Academy of Ukraine, 
5, Stephana Tilhy St., Kryvyi Rih, 50006, Ukraine 

Abstract. Over the last decade a significant increasing of the number of children 
with autism spectrum disorders (ASD) in the world is marked. Ukraine is no ex-
ception. High rates of disease ASD require finding the new ways of correcting 
these groups of children. The aim of the research: to substantiate feasibility of 
using of the augmented reality’s technologies to teach of global reading in a spe-
cial education of autistic children. In the course of the study an experiment, de-
scriptive and comparative analysis methods, generalization, logical research 
method were used. Results of the research: it is shown that, it is expedient to use 
technologies of the augmented reality in the educational and correctional process 
of children with ASD to teach them of global reading. Using the augmented re-
ality reveals a number of new opportunities, the promising of which is an inter-
action with the artificial world through mobile devices, which are more accessi-
ble and predictable for the special development of autistic children. At the initial 
stage of teaching of global reading, the instrument of augmented reality is used 
in a set of successive task groups. The first of these is aimed at the development 
of visual perception, the formation of the ability to analyze, isolate and general-
ize, navigate in space. The second and third set of tasks included the teaching of 
children to understand the meaning of words, the correlation of words with im-
ages presented on the screen of gadgets. At the final stage, namely, teaching of 
global reading, the technology of augmented reality has opened unlimited possi-
bilities for using of various text materials and virtual images to them. Conclu-
sions: a) an analysis of experimental work with preschoolers with ASD suggests 
that the use of augmented reality in teaching of global reading of children helps 
to increase the efficiency of the educational and correctional process; b) the tech-
nology of the augmented reality has allowed rising to a qualitatively new level of 
mastering of global reading by autistic children; c) prospects for further experi-
mental research will be the implementation of the proposed methodology and 
obtaining its effectiveness and efficiency in practice. 

Keywords: children with autism spectrum disorders (ASD), preschoolers, aug-
mented reality’s technologies, global reading, correctional education. 



1 Introduction 

A significant increase of interest of researchers, physicians, doctors, educators to the 
problem of autism spectrum disorders (ASD) of children has been marked over the past 
decade. This is due to the rapid increase in the number of children with autism from 1 
to 1000 cases to 1 - 100 (Dennis Ougrin, Great Britain) [3, p. 24]. The American Center 
for Disease Control and Prevention estimates the prevalence of autism in the United 
States as a single case for 88 children. Indicator of autism prevalence is steadily in-
creasing by 29% annually. Ukraine is no exception. According to the Ministry of Health 
of Ukraine, the incidence of ASD from 2006 to 2015 increased by 2.5 times. Differ-
ences in numerical indicators are related to the lack of survey technologies and, accord-
ing to Ihor A. Martsenkovskyi, with the late diagnosis of the disease in the country. 
Most cases of ASD are diagnosed at the age of 30-50 and 58-71 months [3, p. 59]. Late 
detection of autistic disorders negatively affects to their treatment and psychological 
and pedagogical correction. 

As noted by Martsenkovskyi, children autistic disorders is connected with violations 
of neurodevelopment and they are characterized by qualitative deviations in social rec-
iprocity, verbal and non-verbal communication, preceptor violations and stereotypical 
forms of behavior [3]. 

Symptoms of communication disorder are occurred in a delay or complete absence 
of spoken language, using of linguistic stamps and the lack of need for communication 
with outside world. The peculiarities of autistic children’s speech correction, learning 
them for global reading are little studied. Currently, there is no scientific methodology 
for teaching of global reading of children with autism and poor speech. 

According to the analysis of the practice of educational-rehabilitation centers, teach-
ers teach children with ASD reading by analytical-synthetic sound-letter method, by 
the method of Glenn Doman and Bronislava D. Korsunskaia [1]. Multiple tasks are 
considered as a prerequisite for the formation of skills and abilities of reading. 

Thus, there is a need to develop an experimental method of global reading’s teaching 
of children with autism and delay of linguistic development. 

A number of domestic and foreign scientists: Nadezhda S. Zhukova, Iryna P. Loh-
vinova, Larisa G. Nurieva, Elena M. Mastiukova, Mariia K. Sheremet engage by the 
researches of speech disorders, reading skills of autistic children. 

2 The Aim of the Study 

The aim of the study is to identify, select and test the teaching method for global reading 
using the technology of the augmented reality of preschool children with ASD, which 
significantly improves of the effectiveness of correctional educational processes. 



3 Results and Discussion 

Under the augmented reality, they understand the technology of addition, the introduc-
tion of virtual information to real-life, which allows perceiving it as a part of real life 
[4]. If you use high-quality content, then a person is artificially formed erasing the bor-
der between the artificial world and reality. This tool causes a maximum of emotions, 
and also allows interacting with the investigated object [6]. 

Disorders of the autism spectrum are considered by scientists as a combination of 
total (pervasive) development, characterized by qualitative violation of communica-
tion, social interaction, limited interests and stereotypical forms of behavior. Such chil-
dren do not show interest in communicating with others without understanding the mo-
tives of their behavior. Instead, they prefer to interact with mobile devices, set a close 
connection with them, since the result of their actions is always predictable for them. 
Thus, using of augmented reality technologies, as the means of learning, most closely 
corresponds to the peculiarities of the perception and thinking of autistic children. 

The immortality of social interaction, as one of the three main domains of clinical 
disorders, is decisive in autistic disorders. One of the manifestations of this domain – a 
qualitative violation of communication – includes a delay or complete lack of speech, 
limited nonverbal communication, and inability to initiate and maintain a conversation. 
A completely different communication takes place with gadgets, during which the child 
there is a strong and deep emotional empathy, a sense of enthusiasm, a willingness to 
cooperate, and thus learn. At the initial stage of using augmented reality, the language 
of children with ASD is aimed at satisfying their own needs. Virtual communication 
contributes to the development of impulsive speech as the basis for the formation of 
expressive speech. 

Delay of linguistic development of children with autistic disorders, as well as chil-
dren with underdeveloped speech, is related to the immortality of a synthetic type of 
synthetic activity, which leads to a low level of formation of their abilities: to distin-
guish tempo-rhythmic characteristics of speech, component of the structure of words; 
to comprehend and memorize the text; to establish systems of relationships between 
words. 

According to the results of Valentyna V. Tarasun’s research, demerits of successive 
syntheses were discovered in fewer children with underdeveloped speech (US), char-
acterized by autistic children, which caused underdevelopment of their special abilities: 
to reproduce a certain sequence of rhythmic sounds and melodies; to form a system of 
sounds, syllables; to carry out linguistic communication and the actual statement [7]. 

At the same time, the good visual memory of the child with ASD, the ability to 
perceive the graphic image of the word and correlate it with the real objects of the 
surrounding world create positive learning environment for global reading. 

In view of the fact that in the scientific literature we have not been able to find a 
special method of teaching global reading of children with ASD, we have developed 
such a method for children from 4 to 8 years of age using the technology of augmented 
reality. Using of the augmented reality in the correctional educational processes reveals 
a number of new possibilities. The advantages of technology include [6]: 



─ strong emotional responses, since the emergence of virtual objects causes children a 
state of admiration and surprise, which contributes children's interest and motivation 
for learning; 

─ interactivity, which contributes to better memory; 
─ possibilities of interaction with the artificial world by means of mobile devices, 

which is a significant advantage of the augmented reality to the virtual reality; 
─ possibility to conduct virtual classes. 

Consequently, the target model of a teaching method formation of global reading using 
the augmented reality technology of children with autistic spectrum disorders takes the 
form (Fig. 1). 

 

Fig. 1. The target model of a teaching method realization of global reading using the aug-
mented reality technology of children with ASD 

PROBLEM: disorders of the autistic spectrum in children 

TASK: to develop and experimentally test the teaching methodology for 

global reading of children with autism and delay of linguistic 

development 

GOAL: definition, development and testing of teaching methods for 

global reading using the augmented reality technology of preschool 

children with ASD 

RESULT: Improving the effectiveness of correctional educational 

processes of teaching reading of children with ASD 

Means Methods 

Children's Development Environment with ASD: Multidisciplinary 

Training and Rehabilitation Center # 1 of Dnipropetrovsk Oblast Council 

Realization of the augmented reality technology in the 

teaching of global reading of children with ASD (see Fig. 2). 

Information resources Instruments 



All the work on developing formation of global reading skills of autistic children using 
augmented reality consisted of several stages (Fig. 2). 

Initially, methods and techniques aimed to formulate simultaneous synthesis of a 
clear schematization of internal experience were used, which is the basis of linguistic 
knowledge. Another trend in educational and correctional work focused on the succes-
sive structures of synthesis of certain elements at successive rows (Valentyna V. Tar-
asun). 

 

Fig. 2. Stages of the implementation of the augmented reality technology in the teaching of 
global reading of children with ASD 

Children were offered a set of tasks for the development of simulative and successive 
structures. Give examples of some groups of exercises and tasks. The first group of 
tasks involves the development of visual perception of children, forming of the ability 
to analyze, isolate and generalize, navigate in space: 

1. Selection of a figure from a homogeneous background (the sample of Revo d’Allon) 
– green objects on a green background. 

2. Naming contour-depicted objects imposed on each other (figure of Walther Pop-
pelreuter). 

 

1 stage. Using of methods and techniques aimed at the formation of 

simultaneous-syntheses of a of a clear schematization of internal 

experience, which is the basis of linguistic knowledge  

2 stage. Teaching children of understanding the meaning of words and 

their correlation with images, as well as the sequence of actions of the 

plot image 

3 stage. Execution of movements and repetition of phrases according to 

the model of the teacher in a certain sequence 

4 stage. The child's choice of the card with the corresponding image and 

its correlation with the word on the card  



3. Classification of objects according to the logical categories proposed by the teacher: 
a car, a table, a sweater, a pear, a cup, a skittle, socks, etc. 

4. Memorization of four subject drawings offered by the teacher, followed by a search 
in a bunch of other pictures. 

5. Finding the differences between two mirrored figures. 

The augmented reality can be used as shown in Fig. 3 during performing the exercise 
of this group. 

 

Fig. 3. Screenshot of Task 5 

The second group of tasks included teaching children to understand the meaning of 
words and their correlation with images, as well as the sequence of actions of the plot 
image. 

1. Understanding of the antonyms and synonyms: sweet – bitter, big – small, wide – 
narrow, long – short; “What can stand?”; “What can be called a leg?”; “What can 
be: cold, bitter, heavy, and useful?”. 

2. Finding and showing the ruler by a pointer, showing a pointer by a ruler; showing a 
pencil by a pointer, showing a pointer by a pencil. 

3. Understanding of the sentences of the convertible design: Show where on the pic-
ture: “Sasha makes the feeder. Feeder is made by Sasha”. “A girl reads a book. The 
book is read by the girl”. 

4. Understanding the images of a series of pictures and locating them according to the 
plot content. 

5. Correlation of the subject’s image on the picture and its graphic representation on 
the icon. 

6. Correlation of the object and its image. Selection of pairs (Fig. 4). 

The third group of tasks required the children to execute movements and to repeat the 
phrases according to the model of the teacher in a certain sequence: 

1. Imitation of the teacher’s model of the kinetic melody with the successive change of 
the three positions of the hand: the palm – the fist – an edge. 



2. Making exercises for the fingers of the hands of the teacher’s model: the first finger – 
the second finger; the first finger – the third finger; the first finger – the fourth finger; 
the first finger – the fifth finger and vice versa. 

3. Execution of articulation movements: dynamic and static. 
4. Repetition of simultaneously proposed pairs of words, or series of words: cup – ta-

ble; field – flowers; goat – spit – dew ([koza – kosa – rosa]); cancer – poppy – the 
roof ([rak – mak – dakh]). 

5. Repetition of the proposed images on two pictures in series in memory: the apple is 
small – the apple is large; a thin book – a thick book, etc. (Fig. 5). 

 

Fig. 4. Screenshot of Task 6 

 

Fig. 5. Screenshot of Task 5 

Illustrations (by Inna V. Koroleva, Larisa G. Nurieva) were included in the program of 
work for autistic children. Cards of transparent material with contours of words and 
numbers were selected on a game field with icons depicting a certain type of movement 
or subject matter (Elephant is going, the turtle is creeping, the blue ball is one, two 
yellow balls). 

After the successful formation of regulatory visual movements, vestibular projec-
tions, optical and kinesthetic sensations, the development of sensorimotor abilities and 
successive structures at the mental level, learning for global reading became the next 
stage in working with autistic children. 



The ability of children with ASD to perceive and memorize the schematic images 
well, their sequence, allowed us to offer them graphic images of words – the method of 
global reading. The main purpose of global reading teaching was the tasks of develop-
ing of impressive, narrative, free reading. Successful implementation of the assign-
ments of global reading was provided, first of all, by the selection the words and images 
familiar to children of four years old (vocabulary which found in children during the 
survey) for reading. 

Cards with words of red color (letters in the size from 2 to 5 cm) by the Doman 
method were used previously. Every day a new set of 5 words for reading was offered 
to children. These were engrams (names of loved ones, the heroes of animated films), 
words that meant everyday items, parts of the body, and so on. 

The tasks were offered in a certain sequence for proper understanding and remem-
bering of images on the card. At first, the child remembered the inscriptions on the 
cards and learned to pick their pairs. At the next stage, the pupils mastered the ability 
to recognize and select the inscription on the card (nouns, verbs, adjectives), to match 
with the sample (Fig. 6). 

 

Fig. 6. Screenshot of Task 

When learning lexical themes: “Clothes”, “Toys”, “Food”, “Dishes”, etc. the teacher 
laid out the cards with words and called them. The next task required the child to select 
a card with the corresponding image and its correlation with the word on the card. As 
a result of the application of such techniques, five-year-old children with ASD quickly 
mastered the vocabulary of program topics. 

By the global method of reading, children quickly and with great interest master the 
words antonyms (sweet – bitter, high – low, merry – sad) and paronyms (sac – cancer, 
([sak – rak]), goat – spit ([koza – kosa])). 

Gradually, the tasks were complicated by the transition of reading the phrases, de-
picted in the pictures (a large ball – a small ball, an empty bucket – a full bucket). The 
children liked to pick up incompatible, funny, absurd phrases and words-actions to 
them. 

An integral part of this phase was making books illustrated by photographs of chil-
dren and their loved ones, favorite animals, who performed various actions by children 
together with parents. Each page of the book was signed by phrases, and later with 



sentences (I am playing, my mother is reading, the dog is asleep, I am eating a water-
melon.). 

Until the next stage of reading the sentence, for children 6 years the type has de-
creased to the usual and its color has changed from red to black. 

A successful practice in the global reading method of sentences was using of nouns, 
verbs and colored cards for the recording (nouns on a yellow background, verbs – on a 
green background). 

Quite easily, children fulfilled the teacher’s commands using one verb and different 
nouns (“Show the doll”, “Show hands”, “Show the table”) and pick up the correspond-
ing cards at the same time. 

Alternatively, when reading verbs, the cards on which objects were already depicted 
to compose sentences were used, and the children took the word-action written on the 
card. Such a task was difficult and therefore uninteresting for children, but using of the 
augmented reality “animated” the heroes of the picture, allowed not only to show the 
story, but illustrate the actions of the heroes as in cartoons, which children like (Fig. 7). 

 

Fig. 7. Screenshot of Task 

4 Conclusions 

The analysis of the two-year experimental work with preschoolers with ASD (middle 
and senior groups) suggests that the proposed program of teaching global reading was 
completely taken up by children. Approbation of the methodology of teaching global 
reading using the augmented reality of preschool children with ASD showed the posi-
tive results. The technology of augmented reality allowed combining the real and vir-
tual objects to interact with them in real time. It became possible to enhance the interest 
and motivation to conscious activity, the formation of new values in the knowledge of 
the surrounding world. Observation of realistic images stimulated cognitive processes, 
which led to a qualitatively new level of assimilation and processing of information by 
autistic children. 

Thus, the application of augmented reality technology helped to improve the effi-
ciency of correctional and developmental training for children with special educational 
needs. 



Prospects for further experimental research will be the implementation of the pro-
posed methodology and obtaining its effectiveness and efficiency in practice. 
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