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The article is focused on studying teachers’ digital competence as a significant 

factor for the creation and support of the STEAM-based educational environment. 
The purpose of the article is to analyze teachers’ experience in using information and 
communication technology (ICT) for the STEAM-education support in secondary 
schools and highlight the main problems which may arise during this process. This 
research explores the following questions: What is the role of the teachers’ digital 
competence in creating and supporting the STEAM-based educational environment? 
What are the ways to solve the problem of insufficient teachers’ digital competence 
for creating and supporting the STEAM-based educational environment? 

The teachers’ digital competence development is viewed as the most 
important for creating and supporting the STEAM-based educational environment in 
schools. 

The main ways to solve the problem of teachers’ insufficient digital compe-
tence for creating and supporting the STEAM-based educational environment are as 
follows: creating ICTs courses for teachers to support STEAM-education and 
cooperative learning and teaching activities in schools; organizing centers, courses, 
conferences, trainings, webinars, etc. on STEAM-education for teachers who will 
coordinate international and national projects; monitoring students’ skills in STEM-
education; engaging teachers, students of general education schools and institutions 
of informal learning, scientists and researchers, etc. to develop the virtual STEAM-
based educational environment. 
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Creating the STEAM-based educational environment in general education 
schools and other educational institutions is a research perspective, which will 
contribute to developing the teachers’ digital competence in using ICT in STEAM-
education. 

 
Key words: information and communication technologies, teachers’ digital 

competence, secondary school, STEAM-based educational environment, STEAM-
education. 

 
Стаття присвячена проблемі розвитку цифрової компетентності 

вчителів для створення та підтримки STEAM-орієнтованого освітнього сере-
довища. Досліджено досвід викладачів з вирішення основних питань впрова-
дження STEAM-орієнтованого підходу на всіх рівнях освіти з використанням 
інформаційно-комунікаційних технологій. Метою статті є проаналізувати 
досвід вчителів у використанні ІКТ для підтримки STEAM-освіти в загально-
освітніх школах і виділити основні проблеми, що можуть виникнути під час 
цього процесу. 

Розвиток цифрової компетентності вчителів був визнаний найважли-
вішим для створення та підтримки STEAM-орієнтованого освітнього середо-
вища у закладах загальної освіти. Основними шляхами вирішення проблеми 
розвитку цифрової компетентності вчителя для створення та підтримки 
STEAM-орієнтованого освітнього середовища визначено такі: створення кур-
сів з використання ІКТ для вчителів щодо підтримки STEAM-освіти, спіль-
ного навчання та викладацької діяльності в школах; організація конференцій, 
тренінгів, вебінарів та інших заходів із рішення проблем STEAM-освіту для 
вчителів, створення центрів, що будуть координувати міжнародні та націо-
нальні проекти; моніторинг навичок студентів щодо STEM-освіти; залучення 
студентів, викладачів, учнів загальноосвітніх шкіл та позашкільних навчаль-
них закладів, студентів вищих навчальних закладів, науковців і дослідників 
для розробки віртуального освітнього середовища STEAM. 

Перспективами подальших досліджень є проектування STEAM-орієнто-
ваного освітнього середовища у загальному освітньому закладі, яке сприяти-
ме розвитку цифрової компетентності вчителів. 

 
Ключові слова: інформаційно-комунікаційні технології, цифрова компе-

тентність вчителя, загальноосвітня школа, STEAM-орієнтоване освітнє 
середовище, STEAM-освіта. 
 

Introduction. The rapid development of the information society requires 
competitive young people, who can demonstrate their knowledge, skills and abilities 
in the research field, can solve various professional problems and are able to use ICT. 
This can be implemented through the STEAM-based educational approach, which 
provides synergy of science, technology, engineering, art, mathematics and the use of 
modern information and communication technologies in teaching and learning. 
STEAM-based education is important and relevant for students due to the fact that it 
is one of the approaches that can help them understand the world, create a world in 
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the form of comprehensive innovation and develop the innovative ability to solve 
problems (American Association for the Advancement of Science, 1993; Assessment 
and Teaching of 21st Century Skills (ATC21S) project, 2009). 

This leads to the search for special ways of developing teachers’ professional 
competences, in particular digital competence, which may have a positive impact on 
the formation of the students’ skills in accordance with the ever-increasing require-
ments. One of these ways, in our opinion, is the creation of the STEAM-based 
educational environment that should facilitate the implementation of practical, 
interdisciplinary, and project approaches in teaching students such subjects as 
Science, Technology, Engineering, and Mathematics (STEM) through the formation 
of creative thinking and the use of the various arts (for example, design, literature, 
architecture, etc.) in the educational process (Yakman, G., 2008). 

The article’s aim is to substantiate teachers’ experience of using ICTs for the 
STEAM-education support in secondary schools and highlight the main problems 
that may arise during this process and also the ways to solve them. 

This research is aimed at answering the following questions: 
 What is the role of the teachers’ digital competence in creating and 

supporting the STEAM-based educational environment? 
 What are the ways to solve the problem of insufficient teacher’s digital 

competence for creating and supporting the STEAM-based educational 
environment? 

The problems of STEM-education (S – Sciences, T – technological sciences, E – 
engineering, and M – mathematics) implementation in a general education school 
were considered by such scientists as Bromirs’ka, A. M., Kolomiyecz, D. I. (2017) 
(Bromirska, A. M., Kolomiiets, D. I., 2015), Debry, M. and Dr. Agueda Gras-Velaz-
quez (Maïté Debry, and Dr. Agueda Gras-Velazquez, 2016), Jacina Leong (Jacina 
Leong, 2017), Heidi Sublette (Sublette, H., 2013), Nikirk, M. (Nikirk, M., 2012), etc. 

The STEAM-approach in the STEM-based education is defined as: 
– training in which each subject is taught separately, with the teachers’ 

expectations that the students will be using the synthesis of disciplinary knowledge 
(American Association for the Advancement of Science (AAAS, 1993) (American 
Association for the Advancement of Science, 1993), etc; 

– systematic and institutionalized training in the fields of science, technology, 
engineering and mathematics at all levels of student education, and also, it is a study 
of disciplines and professions in a wide range, including agriculture, physics, 
psychology, medical technology and automotive engineering (Ashby, M., 2006); 

– integrative education (Sanders, M., 2006; Wells, J. G., 2006); 
– a transdisciplinary pedagogical approach through which students are given 

the opportunity, by using the project method, to be independent in solving the 
problems that may arise while fulfilling the learning tasks set by the teacher, who 
carries out the role of a facilitator (Heidi Sublette, 2013). 

The arguments that the Arts («A») and creative approaches must be contri-
buting to the effectiveness of STEM-education (STEAM) were considered and analy-
zed by L. Bergonzi and J. Smith (L. Bergonzi and J. Smith, 1996), J. Tarnof (J. Tarnof, 
2011), D. A. Sousa and T. Pilecki (D. A. Sousa and T. Pilecki, 2013), E. Kim, S. Kim, 
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D. Nam and T. Lee (E. Kim, S. Kim, D. Nam and T. Lee, 2012), D. F. Keefe and 
D. H. Laidlaw (D. F. Keefe and D. H. Laidlaw, 2013), etc. 

According to the researchers, the following Arts subjects for the STEM-based 
approach should be introduced in schools: 

 the humanities, the subject of which are certain manifestations of human 
spirituality, philology, ethics, philosophy, history, aesthetics, etc. (A. M. Bromirs’ka, 
D. I. Kolomiiets, 2017; D. Ferraro, 2007); 

 industrial design, architecture and industrial aesthetics (A. M. Bromirs`ka, 
D. I. Kolomiiets, 2017; Yu. M. Babchuk, O. O. Biryuk, 2017; A. V. Frolov, 2010); 

 writing, rhetoric, literature, theatrical art, dance, painting, musical art 
(D. A. Sousa, & T. Pilecki, 2013; Jacina Leong, 2017); 

 visual arts, music, dance/movement, imagery, theater, literature, play or 
humor or any activity relating to such subjects and «arts consumption» (attending, 
listening to, watching, or reading) (Bergonzi & Smith, 1996; Mark E. Rabalais, 2014). 

According to the American Association for the Advancement of Science 
Report (American Association for the Advancement of Science, 1993): 

«The ideas and practice of science, mathematics, and technology are so closely 
intertwined that we do not see how education in any one of them can be undertaken 
well in isolation from the others.» 

We created a questionnaire for defining STEAM-education and determining 
teachers’ attitude to this approach, taking into account the studies of the British 
Educational Research Association (BERA) (L.»Colucci-Gray, Prof. P. Burnard, 
Ms. Ca. Cooke, Dr. R. Davies, Dr. D. Gray, Ms. J. Trowsdale, 2016), and information 
materials from the Site «EdCloset» (https://educationcloset.com/steam/what-is-
steam/). To clarify the basic concepts of «STEAM-education» and «STEAM-based 
educational environment», this questionnaire includes such important questions as: 

 What is STEAM-education? 
 What is the most important way of teaching STEAM-education? 
 What are the most important computing-based tools for creating and 

supporting the STEAM-based educational environment? 
A total of 127 teachers (from secondary schools in Ukraine) took part in this 

survey. Learning environment was another issue n the questionnaire as presented in 
Table 1. By using a five Likert scale ranging from very undesirable (1) to very 
desirable (5), the participants were asked which learning environment they would 
prefer for STEAM courses. 

 

Table 1  
The survey results about teachers’ knowledge of STEAM-education 

 

STEAM-education is: 
Mean 
values 

– an educational approach to learning that uses Science, Technology, Engi-
neering, the Arts and Mathematics as access points for guiding student 
inquiry, dialogue, and critical thinking. The end results are students, who 
take thoughtful risks, engage in experiential learning, persist in problem-
solving, embrace collaboration, and work through the creative process 

4.9 

https://educationcloset.com/steam/what-is-steam/
https://educationcloset.com/steam/what-is-steam/
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Continuation table 1 
 

– the study, in which each subject is taught separately with the teachers’ 
hope that students will apply synthesis of disciplinary knowledge 

4.4 

– used to indicate ways in which the Arts or art-practices (and sometimes 
more broadly the Humanities and Social sciences) engage with the STEM 
subjects of Science, Technology, Engineering and Mathematics 

3.76 

– a subject which includes Science, Technology, Engineering, the Arts and 
Mathematics for teaching students to solve different problems 

2.55 

– I do not know how to use this method 2.79 

Total (N= 127)  

 
The teachers' answers to questions «What is STEAM-education?» showed that 

the majority of them consider the definition “STEAM is an educational approach to 
learning that uses Science, Technology, Engineering, the Arts and Mathematics as 
access points for guiding student inquiry, dialogue, and critical thinking. The 
teachers are positive about the STEAM- approach and they are ready to use it in the 
classroom. 

The mean values in Table 2 indicate the ways of teaching STEAM-education 
the teachers would prefer. This question if it is necessary to create the STEAM-based 
educational environment for implementation the STEAM-approach in secondary 
school is important for us to highlight. 

 

Table 2 
The survey results about teachers’ attitudes 
to the ways of teaching STEAM-education 

 

The most important way of teaching STEAM-education is: 
Mean 
values 

– to encourage interactions between formal and informal learning 4.81 

– to encourage interactions between formal and informal learning, and 
the STEAM-based online educational environment 

4.5 

– SMART school 3.76 

– Virtual learning 2.65 

– Distance learning 2.87 

– Online learning 3.76 

Total (N= 127) 
 

The mean values in Table 2 indicate that teachers prefer to encourage 
interactions between formal and informal learning but they do not understand how 
to use ICT for supporting STEAM-education («SMART school»: 5 teachers have 
chosen «5» (4%); 86 teachers have chosen «4» (68%); 36 teachers have chosen «3» 
(28%); «Online learning»: 5 teachers have chosen «5» (4%); 86 teachers have chosen 
«4» (68%); 36 teachers have chosen «3» (28%)). Teachers’ answers to the question 
«What is the most important way of teaching STEAM-education?» show that 
teachers are interested in creating the STEAM-based online educational environment. 
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The mean values in Table 3 indicate which computing-based tools are most 
important for creating and supporting the STEAM-based educational environment. 

 

Table 3 
The survey results about teachers’ attitudes to the most relevant  

computing-based tools for creating and supporting  
the STEAM-based educational environment 

 

The most important computing-based tools for creating and 
supporting the STEAM-based educational environment are: 

Mean 
values 

 Google Drive 4.9 

 LinoIt 2.55 

 Padlet 4.9 

 Thinglink 2.7 

 Todaysmeet 2.7 

 Kahoot! 4.5 

 Quizizz 2.5 

 Surveyanyplace 2.3 

 Moodle 3.7 

 Scratch 4.5 

 I don’t know how to use the computing-based tools for creating 
and supporting the STEAM-based educational environment 

- 

 Suggest tools - 

Total (N= 127) 
 

Table 3 demonstrates that teachers can use computing-based tools for creating 
and supporting the STEAM-based educational environment, but it is highly 
important to develop their digital competence. 

The mean values in Table 4 indicate what teachers’ skills are important for 
implementing the STEAM-approach in secondary school and to create the STEAM-
based educational environment. 
 

 Table 4 
The survey results about teachers’ attitudes to the most relevant skills for 

creating and supporting the STEAM-based educational environment 
 

The most important skills for creating and supporting the STEAM-
based educational environment are in the  use of: 

Mean 
values 

– online tools to create and manage training projects 4.9 

– openeducational resources 4.9 

– online tools for conducting seminar, forums and others  4.9 

– programming languages 2.7 

– online security tools 3.7 

– online games 3.5 

– online tools for creating tests and quizzes 4.5 

Total (N= 127) 

https://www.google.com/drive/
http://en.linoit.com/
https://padlet.com/dashboard
https://www.thinglink.com/
https://todaysmeet.com/
https://kahoot.com/
https://quizizz.com/
https://surveyanyplace.com/
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Table 4 demonstrates that teachers need to develop such skills as using online 
tools to create and manage training projects; open educational resources; online tools 
for conducting seminar, forums and more; online security tools; online tools for 
creating tests and quizzes; online games. 

As shown in Tables 1, 2, 3, 4, the participants are mostly in need of knowledge 
and skills to use ICT. STEAM-education is the educational approach, in which each 
subject is taught separately with the hope that students will apply the synthesis of 
disciplinary knowledge. G. Yakman points out that using the STEAM-based 
environment in school teaching is the way of motivating students to participate in 
educational projects related to the application of science, technology, engineering, art 
and mathematics (Yakman, G., 2008). 

According to the research of the British Educational Research Association 
(BERA, 2016) it is highly important to include the «A» in STEM-education: «Firstly, 
there are arguments that the arts and creative approaches will contribute to the 
effectiveness of STEM-education. Secondly, that the inclusion of the arts emphasizes 
the possibility of multi and trans-disciplinary practices, reflecting long-held, histori-
cal, social, and educational views of the arts and sciences as naturally connected. 
Thirdly, it identifies the value of the arts in promoting an engagement with «the 
human condition», the values we collectively espouse, and the productive explo-
ration of controversial issues. Thus, it is argued, the arts offer diverse and engaging 
modes for individuals and societies to approach, articulate and process experience» 
(Reviewing the potential and challenges of developing STEAM education through 
creative pedagogies for 21st learning: how can school curricula be broadened 
towards a more responsive, dynamic, and inclusive form of education?, 2017). 

Thus, the STEAM-based educational environment has an impact on the deve-
lopment of skills in the fields of natural sciences, technology, mathematics, students 
creative critical thinking, solving practical research issues through the synergy of 
STEAM disciplines and the use of ICT. The STEAM-based educational environment 
is an educational environment, in which ICT create learning and teaching conditions 
in synergy with the natural sciences, technology, engineering, arts, mathematics, 
teamwork, cooperative work of teachers and students for the effective achievement 
of teaching goals, and comprehensive personality development. M. Nikirk recom-
mends a number of strategies for the effective implementation of the STEM-based 
approach in secondary schools (Nikirk, M., 2012). They are as follows: 

 demonstrating graphs at the beginning of setting tasks, etc., since visuali-
zation facilitates faster perception of the material than just reading a text;  

 beginning with an explanation of the purpose, which should be objective; 

 providing students with accurate and abstract concepts to be realized using 
examples from real life, the students should understand the connection with abstract 
concepts; 

 using ICT for interactive learning process, for searching and presenting 
educational resources; creating and using virtual laboratories, online games, 
software, blogs, etc.; 

 focusing not on the teacher-centered approach, but on the student-centered 
approach; 
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 teaching the business conduct and etiquette that meets the needs of business 
and entrepreneurship; presenting data with charts and graphs by using graphical 
editors and presentations; 

 focusing not on the group-work, but on the team-work; 

 promoting the development of an educational environment, in which the 
core values are students’ creative and independent thinking; 

 engaging students in the interactive learning activity; teaching them to be 
efficient at evaluating and using technologies, including ICT, for learning and self-
education; 

 using the «peer-to-peer» method, that is to engage students as teachers, 
project leaders, problem solvers, which should build their leadership skills. 

M. Nikirk focuses on the main role of teachers’ digital competence for creating 
and supporting the STEM-based educational environment (Nikirk, M., 2012). 

 

 
Figure1. The Digital Competence Framework for the teachers’ digital competence according 

to the Digital Competence Framework for Citizens 
(Carretero, S.; Vuorikari, R. and Punie, Y., 2017, DigComp 2.1) 
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According to the Digital Competence Framework for Citizens (DigComp 2.1) 
(Carretero, S., Vuorikari, R., and Punie, Y., 2017), the teachers’ digital competence 
includes such skills (Fig. 1) as: information literacy and ability to work with data-
bases (browsing, searching and filtering data, evaluation of data and digital content, 
managing data, information and digital content); communication and collaboration 
skills (interacting through digital technologies, sharing through digital technologies, 
engaging in citizenship through digital technologies, collaborating through digital 
technologies, network etiquette); digital content creation skills (developing digital 
content, integrating and re-elaborating digital content, copyright and licenses, pro-
gramming); skills of safe use of the Internet network (protecting devices, protecting 
personal data and privacy, protecting health and well-being, protecting the environ-
ment); problem solving skills with ICT (protecting the environment, identifying 
needs and technological responses, creatively using digital technologies, identifying 
digital competence gaps). 

In our opinion, the teachers’ digital competence is the ability to autonomously 
and responsibly carry out professional and pedagogical tasks in a particular subject 
area or to meet individual needs and solve socially significant problems with the 
help of ICT. 

Taking into account the analyzed scientific literature, we have identified the 
main problems of the teachers’ digital competence development for creating and 
supporting the STEAM-based education environment in schools. 

 
Table 5  

The main problems of teachers’ digital competence development for 
creating and supporting the STEAM-based education environment in schools 

 

Problems of teachers’ digital 
competence development for 
creating and supporting the 
STEAM-based educational 

environment in schools 

Problem solutions 

Teachers are not ready to use 
ICT for the STEAM-based 
education support in the 
classroom 

Creating courses (MOOC) for teachers on using ICT 
to support STEAM-education, cooperative learning 
and teaching activity in schools (Assessment and 
Teaching of 21st Century Skills (ATC21S) project, 
2009); M. Nikirk, 2012; M. Debry and Dr. Agueda 
Gras-Velazquez, 2016; K. С. Koutsopoulos, 2015) 

Insufficiet management and 
policy for the STEAM-edu-
cation support, and the 
STEAM-based educational 
environment  

Organizing centers, courses, conferences, trainings, 
webinars, etc. on the STEAM-education support for 
teachers, which must coordinate international and na-
tional projects; monitoring students’ skills in STEM-
education (Assessment and Teaching of 21st Century 
Skills (ATC21S) project, 2009; M. Nikirk, 2012; 
M. Debry  and Dr. Agueda Gras-Velazquez, 2016; 
K. С. Koutsopoulos , 2015) 
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Continuation table 5 
 

Insufficiet development of 
the online STEAM-based 
educational environments 

Engaging teachers, high school students and out-of-
school educational institutions, scientists and resear-
chers, etc. to develop the virtual STEAM-based edu-
cational environment (Assessment and Teaching of 
21st Century Skills (ATC21S) project, 2009; M. Nikirk, 
2012; M. Debry  and Dr. Agueda Gras-Velazquez, 
2016; K. С. Koutsopoulos, 2015; Md. Mokter Hossain, 
Michael G. Robinson, 2012) 

Low students motivation to 
study the STEAM disciplines 
and teachers’ motivation to 
use ICTs for the STEAM-
based education support in 
the classroom are not 
sufficiently carried out  

Promoting «organizing fundraising events with the 
community or other projects that increase budgeting 
and develop math skills; teaching the youth sciences 
at summer camps or after-school programs; getting 
students to join the math and science clubs; encoura-
ging technological hobbies among school children; 
helping them participate in science fairs; basic com-
puting and internet browsing; including them in 
Internet forums and social networking; giving them 
books and magazines on science and mathematics; 
motivating them to pursue science and engineering 
careers; and helping them learn about computing…» 
(Md. Mokter Hossain, Michael G. Robinson, 2012) 

 

To implement the set goals of the teachers’ digital competence development 
for creating and supporting the STEAM-based educational environment, the school 
STEAM-oriented digital environment should be designed and necessary teachers 
skills for creating and supporting such environment should be determined. The de-
sign of the STEAM-based educational environment for secondary school should in-
clude the following main steps: setting the goal of creating an environment, which is 
consistent with the result of teaching and learning in it by its users, such as, for exa-
mple, the development of students research competence within the STEAM approach 
of teaching, the development of professional competences of teachers, etc.; analyzing 
needs of students and teachers in the main elements of the digital environment, such 
as the necessary ICTs, current topics in the field of STEAM, the necessary forms and 
methods of teaching and learning, etc.; identifying the essential elements of the envi-
ronment necessary for creating the school STEAM-oriented digital environment (ICT, 
current topics in the field of STEAM, the necessary forms and methods of teaching 
and learning); searching for partners, consultants, sponsors; planning of work with 
environmental users, for example, conferences, seminars, training projects, competi-
tions, educational exhibitions, etc.; creating a system for distributing news to users of 
the environment (Jacina Leong, 2017); Kim, E., Kim, S., Nam, D., & Lee, T., 2012; 
Land, M. H., 2013; Mark E. Rabalais, 2014; Reviewing the potential and challenges of 
developing STEAM education through creative pedagogies for 21st learning: how 
can school curricula be broadened towards a more responsive, dynamic, and 
inclusive form of education?, 2017; Tarnoff, J., 2011; Yakman, G., 2008). 
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Conclusions. The STEAM-education is a highly important approach for deve-
loping and reforming education, due to the increasing demand for specialists in the 
STEM fields in the global labor market. 

The STEAM-based educational environment is the environment that combines 
the functions of computer-oriented, mobile-oriented, cloud-based learning environ-
ments, provides the support for learning through practical, focused, interdisciplinary 
and project approaches which allow students to study subjects of the natural and 
mathematical cycle and robotics, forming their creative thinking by the use of va-
rious arts in the educational process. It contributes to the development of teachers’ 
digital competence, to the students’ motivation in studying specified disciplines, 
solving various problems of sciences, and to effective cooperation between parti-
cipants of educational process in general education schools on the national and 
international levels. 

The teachers’ digital competence development is highly important for creating 
and supporting the STEAM-based educational environment in schools. 

The main ways to solve the problem of insufficient teachers’ digital compe-
tence for creating and supporting the STEAM-based educational environment are as 
following: creating courses (MOOC) for teachers using ICT for STEAM-education, 
cooperative learning, teaching activity in schools; organizing centers, courses, confe-
rences, trainings, webinars, etc. on the STEAM-education support for teachers, which 
must coordinate international and national projects; monitoring students’ skills in 
STEM-education; engaging teachers, students of general education schools and out-
of-school educational institutions, scientists and researchers, etc. to develop the 
virtual STEAM-based educational environment. 

Designing the STEAM-based educational environment in general education 
schools is a research perspective for encouraging the use of ICT and STEAM training 
in general educational institutions, which will have a positive impact on the teacher’s 
digital competence development. 
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