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DESIGN OF THE EDUCATIONAL ENVIRONMENT FOR STEM-
ORIENTED LEARNING

Abstract. The article examines the impact of market requirements on the educational system,
technological development of society and changes in the economic development of the country.
The main directions of changes in European educational policy and their formalization in the
framework of competences have been reviewed. The considered practices of organizing
educational space in Ukraine and other countries allowed determining the structure of the
interaction of participants in the educational environment of STEM-oriented training:
administrative and managerial component, cooperation between education and business structures,
scientific and methodological support, technological factor, popularization and human factor. The
article gives a definition of the educational environment of STEM-oriented learning. According to
each of the points of this structure, the peculiarities of their implementation in Ukraine have been
presented: steps to implementation at legislative level have been taken, a list of measures aimed at
popularizing and supporting STEM-education has been developed, a way of the dissemination of
these ideas has been outlined and the list of already existing developments and implementation
practices has been made. The conditions required for the development of educational STEM-
environment have been defined. The article presents the model of the educational environment of
STEM-oriented learning developed at the STEM-school of Kherson State University. The
description of the project activity of the teacher and students in the context of the creation of
educational environment of STEM-oriented learning is given. Also, the article offers examples of
interdisciplinary projects. Their implementation requires that the teacher have a good theoretical
foundation in mathematics, physics, technology and programming.

Keywords: STEM-education; educational environment of STEM-oriented learning; teacher’s
activity; interaction; popularization of STEM; interaction structure; model of operation.

1. INTRODUCTION

Problem statement. The Fourth Industrial Revolution changes the existing business
models and, accordingly, has a significant impact on the labor market. Digital technologies
penetrate each sphere of human activities and change the requirements to employees. These
changes imply the need for the qualified staff competent in digital technology. Graduates of
higher education institutions, having completed their studies, are supposed to have the
appropriate competences meeting the demands of the labor market. At the same time, we have
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a number of contradictions between the skills that young people receive during their studies
and those that are actually in demand on the labor market. There are many factors behind such
situation: the lack of students’ involvement in the project activity, the use of information
technologies as support for traditional teaching methods, rather than as main educational
tools, teacher’s unwillingness to introduce digital technologies into the educational process,
and the need for technical support. Another reason for the shortage of skilled personnel is that
a rather small number of people choose engineering and technological careers: students
consider these professions difficult to master or boring.

To solve the problem of involving students in engineering and technological creativity
and to increase supply of qualified personnel to the market, it is necessary to have guidelines
that will contribute to the establishment of criteria for the formation of a specialist trained in
technology. The problem of hiring qualified personnel is common to all countries. Digital
competences help solve this problem. They were identified as one of the key areas for lifelong
learning in 2006. The European Parliament and the Council of the European Union have
adopted "Recommendations on key competencies for lifelong learning", which are:
"Knowledge of mathematics and general knowledge in science and technology" and "Skills in
working with digital media". Since 2015 there has been a gradual update of the Digital
Competency Framework (DigComp 2.1) [1]. This document has become the basis for
developing further documents: DigCompEdu Teacher Digital Competency Framework,
DigComOrg Digital Competency Framework [2], [3]. They serve as instruments for
evaluating digital competencies for various purposes (learning, work).

Ukraine is on the way of introducing digital technologies into all areas of education,
which leads to continuous improvement of educational content and the quality of specialists’
training. In Ukraine reforms are now aimed at building a powerful state and a competitive
economy that "... can provide a cohesive community of creative people, responsible citizens,
active and enterprising. The orientation of training towards STEM-technology and raising the
scientific and technological potential of the population is a priority task of the state's
innovation development "[3]. Today, there are difficulties in transferring technology due to
the problem of society's slow adoption of the technological world. But gradually, all
innovations are being integrated, uniting specialists around solution of urgent problems, such
as fighting diseases or dealing with natural disasters. The natural consequence of these
changes is the globalization of all innovation processes. New technologies are now affecting
not some specific individual human activities, they are changing all of them. The strategy of
professional training of qualified educational staff at educational institutions should take into
account the changes and introduce new approaches to attracting young people to engineering
and technological careers. To implement successfully STEM-education (Science,
Technology, Engineering, Mathematics), it is necessary to determine principles of the
formation and functioning of the educational environment, its structure, to study the features
of interaction of all participants in this system.

Analysis of recent research and publications. The official beginning of the
introduction and development of STEM-education in Ukraine dates back to 2016, when the
Ministry of Education and Science of Ukraine created a working group on the introduction of
STEM-education. This allowed bringing the society's attention to scientific and technological
creativity, STEM-education and its opportunities to develop innovative thinking, to involve
young people in the development and implementation of innovations and the spread of
positive practices.

Today there is a group of scientists, whose research is related to the terminology and
definition of the basic concepts of STEM-education — N.P.Goncharova, N.O.Goncharova,
M.L.Rostoka, N.I.Polichon, O.E.Strizhak, I.A.Slipukhina, I.S.Chernetsky [4], [5]. Also, a part
of the publications of teachers and lecturers in professional forums and blogs (for example,

317



ISSN: 2076-8184. Information Technologies and Learning Tools, 2020, Vol 75, Nel.

the online Vseosvita resource) is concerned with the theoretical and methodological principles
of the implementation of STEM-education and the search for effective approaches to the use
of innovative technologies in STEM-learning and the construction of models for its
development.

O.V.Barna, N.R.Balik have analyzed theoretical and methodological principles of
developing the model of STEM-education, its main features, as well as the experience of
designing a modern STEM-centre based on higher education institutions. S.L.Gorbenko ,
O.V.Lozova, O.O.Patrickeyeva, K.G.Postova have highlighted the current state of
implementation of STEM-education in Ukraine and various means of STEM-learning in
extracurricular education.

Studying foreign experience is necessary to analyze the positive and negative impacts
on the development of scientific and technological potential of young people and their
involvement in innovative activities. Overseas experience in implementation of STEM-
education has been studied by N.V.Valko, T.A.Hannichenko, O.A.Kovalenko,
O.V.Saprunova [6]-[8]. The works show successful examples of the implementation of
STEM-education in different countries of the world, as well as their impact on the
dissemination of STEM-innovations in the educational space of Ukraine.

A.M.Kukh, V.D.Sharko, N.I.Polihun, [.A.Slipukhina, I.S.Chernetsky outllined the
policy of introduction of STEM-education and development of scientific and technological
competence of youth, the introduction of STEM-education in institutions of pedagogical
education, and formulated recommendations for the development of domestic STEM-
education [9]-[12].

The list of scientific and practical publications covering the results of theoretical and
experimental studies in the field of STEM-education is presented in the works of
[.V.Kamenieva, M.V.Kovalenko, O.O.Patrickeyeva, V.V.Chernomorets, O.S.Kuzmenko [13],
[14]. They consider different approaches to the development of STEM programs and
determine their main characteristics, such as: topical and innovative content; clear
implementation process; universal methods, which allow using the program in educational
institutions of different levels, types and forms; criteria and tools for determining and
measuring the achieved educational and pedagogical result. In addition, they indicate the
classification of STEM-programs in terms of directions, forms of training and timing of
implementation [13].

Interdisciplinary approach to STEM-education, the organization of integrated study in
natural sciences and mathematical cycle and the results of implementing the concept of
STEM-education, taking into account the national qualifications framework, are investigated
by V.M. Andriyevskaya, L.I. Bilousova, S.M. Babiychuk, V.M. Bahashova, T.V. Isaac, V.V.
Osadchy, .M. Savchenko and others. [15]-[17].

The conducted research has shown that today the problem of introduction of STEM-
education in general is gradually attracting more and more attention. But, at the same time,
the level of theoretical and methodological elaboration of the problem of introducing STEM-
education into the educational process is insufficient. There is a need to specify terminology,
concepts and definitions of STEM-education, and to identify factors, tools and methods that
allow young people to be effectively involved in scientific and technological activities by
choosing STEM-careers. One of these factors is the educational environment of STEM-
oriented learning.

Formulation of purpose, statement of tasks. The purpose of the article is to define the
term "educational environment of STEM-oriented learning" and to establish the structure of
interaction between participants of STEM-learning. To achieve this goal, the following tasks
are addressed: the study of approaches to the definition of the "educational environment of
STEM-oriented learning", the analysis of the conditions for the development of the STEM-
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oriented educational environment, the framework of the interaction of participants in the
educational STEM-environment, the presentation of the model of the educational
environment of STEM-oriented learning (case study of the STEM-school of Kherson State
University).

2. RESEARCH METHODS

Our research involved empirical and theoretical methods. The analysis of key
components of the educational environment for STEM-oriented learning and the processes of
implementation of STEM-education that are taking place in Ukraine has been carried out, the
normative documents, publications and scientific works on the implementation of STEM-
education in Ukraine and other countries have been studied and analyzed, as well as direct
and indirect observation of the activity of groups and centers of STEM-education in Ukraine
has been conducted.

3. THE RESULTS AND DISCUSSION

Presentation of the main research material. In Ukraine, in 2013, the National
Strategy for the Development of Education for the period up to 2021 was approved, which
states that "... the key task of education in the 21* century is the development of thinking
oriented towards the future. The modern labour market requires not only profound theoretical
knowledge, but also the ability to independently apply it in non-standard, constantly changing
life situations, the transition from a knowledge society to a society of competent
citizens" [18].

Implementation of a new educational policy involves the introduction and development
of STEM-education in Ukraine, aimed at innovative development in the field of natural
sciences and mathematical disciplines and the involvement of young people in research. The
basis of the system of changes is the model of the person-oriented learning system. The
interaction between a student and a teacher in such a system is based on the principles of
cooperation and freedom of choice. Strengthening the role of digital technologies in education
creates another level of interaction — an educational environment based on technology, digital
representation of information, data and access systems [19]. The educational environment is,
on the one hand, a system of means of action, and on the other hand, it acts as a separate
subject of activity, since it plays the role of a mediator between a teacher and a student.
Structurally the educational environment consists of three interconnected components [9]:

- subject and resource component determines the agents of the educational environment
(teachers, students, parents) and the conditions for the implementation of their
interaction;

- facilities component is responsible for providing the educational environment with
appropriate equipment;

- ideological and technological component defines normative methods and technologies
for achieving predicted learning outcomes.

The "Ukrainian Pedagogical Dictionary” by S.U.Goncharenko does not have a
definition of "educational environment". However, this term is sufficiently researched by
many scholars, for example [9], [19], and others. The definition of the educational STEM-
environment is absent in works [5], [20], the work on completing the glossary is still in
progress. However, these works offer the following definition: STEM-education is a series or
sequence of courses or training programs that prepare students for successful employment,
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before or after school, and require different and more technologically challenging skills,
including the use of mathematical knowledge and scientific concepts.

Based on these definitions, educational environment of STEM-oriented learning will be
understood as a set of objective external conditions and social factors that influence the
formation of the scientific and technological outlook of the individual; it is a necessary
component for the successful functioning of STEM-education.

As a benchmark for determining the key components of the STEM-based learning
environment, let us consider the US experience. Under the direction of the National Science
Foundation (NSF), the vision of STEM-education was formed in the country, or «<STEM
2026» [21], which noted the importance of:

- developing an educational STEM-environment where everyone is responsible for their
experience and professional growth;

- creating an atmosphere of the laboratory (incubator) in the classroom where students,
together with teachers, cooperate and at the same time discover science;

- designing a self-regulated, flexible inclusive learning environment with intelligent
learning systems to provide an individualized learning approach;

- an organic combination of a school with production and research institutions to enable
students to see how professionals use their knowledge in working conditions.

Each of these points characterizes structurally one of the components of the educational
environment: agent, resource, facilities or ideological and technological component. But, at
the same time, each of them specifies the scientific and technological aspect of such an
educational environment. The analysis of the experience of organizing STEM-education in
other countries [5]-[8], [22], [23] allowed highlighting the key components of the educational
environment of STEM-oriented learning and to determine the structure of the interaction of
participants in it (Figure 1):

- Administrative and management component — the organizational effort to implement
STEM-education in teaching and management, as well as reorganization of
educational space.

- Technological factor — the use of digital technologies as educational tools helps to
build an integrated educational environment, which combines science, technology,
engineering and business, which in practice can implement innovative ideas, develop
prototypes of devices.

- Provision of scientific and methodological support — the development of curricula and
elective courses, testing and implementation of new approaches to educational
activities. Different stages of implementation of STEM-education require research in
the field of definition of content and technology for their implementation.

- Cooperation — the establishment and development of partnerships between education
and businesses. It will help keep up with pressing issues, implement innovative ideas
and provide hands-on training and access to technology.

- Promotion of STEM-education — motivating young people to solve scientific and
technological problems through a system of centers, laboratories, circles, science
museums, etc.; through festivals, contests, quests, etc.

- Human resources — educated, better trained and well-educated professionals help
strengthen innovation. Continuous education and lifelong learning will help to meet
the educational needs of human resources, as well as provide business with well-
qualified specialists.
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Fig. 1. The structure of the interaction of participants in the educational STEM-environment

Let us consider the peculiarities of realization of each of the points specified in the structure
of the interaction of the participants in Ukraine.

Administrative and managerial support is a necessary component of the successful
implementation of innovative changes in education. It is necessary to develop and regulate the
legal framework for STEM-education. Implementation of the necessary measures of world-
oriented trends at various organizational levels of government and education, changes in the
laws on education and its levels, the development of a national qualifications framework for
all levels of education — these are the steps that are necessary for qualitative changes in
education [24]. In order to implement STEM-education, in 2016 a special working group was
created at the Institute for Modernization of Educational Content. Its functions include the
development of the regulatory legal framework for STEM, the conduction of scientific
research, the dissemination of experience and achievements in the field of STEM-education,
the study of domestic and foreign experience, the establishment of links between participants
in the educational industry. To date, the department has developed methodological
recommendations on the implementation of STEM-education. In secondary and
extracurricular schools a system aimed at dissemination of the best international and domestic
practices through a series of webinars, workshops and educational centers was created.
Agreements on implementation of STEM training in cooperation with educational institutions
were signed. Memorandum on the creation of the STEM-Education Coalition with leading
educational institutions of Ukraine was signed. Such systematic work helps to organize the
training of educators in keeping with the new content of education and new management
processes at educational institutions, modern electronic content.

Cooperation with business and industry is carried out mainly through the
implementation of joint programs in the field of robotics and IT technologies. Joint programs
are designed for both schoolchildren and youth. One of the large-scale and successful
collaborative projects for students is the Sikorsky Challenge (KPI) business start-up
incubator. As a part of this project, young people have the opportunity not only to innovate,
but also to transfer their innovations into a business project. There are also a large number of
projects in programming and robotics for schoolchildren. The Ministry of Education and
Science of Ukraine has signed agreements on cooperation with Innovative Educational
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Solutions Company. This company develops and implements methodological and didactic
materials for educational institutions. It also develops innovative training curricula and
integrates them into a school math course and computer science course. These curricula are
based on the use of educational sets of LEGO Education.

An important result of cooperation between education and business was the
development of scientific and methodological support and the development of new curricula
for the secondary school. To date, separate programs have been introduced in each training
centre — Inventor, BOTEON, CodeClub, local art groups, etc. The Ministry of Education and
Science has approved the curriculum of the elective school courses in robotics: Technology of
the developing of electronic devices (2013, authors: S.M. Dziuba and others.), Technology of
control of robotic systems (2013, authors: S.M. Dziuba, et al.), Fundamentals of robotics
(2014, authors: T.I. Lysenko, et al.) [25]. Within the framework of cooperation with the
"Innovative Educational Solutions" company a curriculum of the elective course "Robotics"
was developed (2018, authors A.D. Vasiliuk, et al.). In May 2018, the expert-advisory
committee on digital technologies in education at the Ministry of Education and Science of
Ukraine was founded. Among its members are leading scientists and business representatives
V. Omelchenko, N. Morze, S. Dziuba, companies: Cisco, Networking Academy, Code Club
UA, Center BOTEON Robotics, BrainBasket Foundation, etc. This committee will contribute
to the introduction of advanced information technology training in the school curriculum in
accordance with modern methods, requirements for textbooks and school digital equipment.
Under the supervision of this group, classes on the "IT schoolboy" project have been held in
three pilot schools (Kyiv and Chernihiv region). It is planned to develop curricula for teaching
3D-modeling, robotics, cyber security, cloud technologies, etc. The developing of such
curricula will enable the provision of high-quality modern education in all educational
institutions of Ukraine.

The availability of technology is an important factor in the STEM-education
development and it significantly affects the education system and requires a change in
education policy. The volume of information has grown a thousand times, and it is no longer
necessary or physically possible to memorize it — the modern access to information makes it
public, thereby giving it rapid propagation and distribution in space. The emergence and
development of digital technologies not only has changed the way of processing, storage and
transfer of knowledge in accordance with the needs of society, but also has adapted the
contributions of past times to the present. In order to see the paintings of famous artists or to
read the works of classics in the original we do not need to go to other states, or wait for a
long time for photocopies. Artificial intelligence depicts a painting in the style of a famous
artist; digitized books are in the public domain, and virtual reality can transfer us to any
corner of the world. It has become commonplace that teachers organize lessons to foster
online communication of students with their peers in other countries, for example through
Skype. Distance learning gives an opportunity to build your educational trajectory as a student
and teacher independently.

The popularization of STEM-education brings positive changes to the system of early
involvement of young people in scientific, technological and innovation activities. There are
various forms of it: festivals, competitions, competitions, quests, etc. Such activities and
participation in them are a prerequisite for the promotion of innovation. Young people have
the opportunity to present their projects to businesses and receive feedback or suggestions for
their development or financing. In Ukraine, there is a large number of events aimed at
promoting STEM-education among young people: the Kyiv Mini Make Fair Innovation
Festival, IT Festival 4.0 (Flight Academy of the National Aviation University,
Kropyvnytsky), the FIRST LEGO League and FLL Jr. festivals, (Innovative Educational
Technologies), Rotational Competition (ORT), Robotronica and ROBRICE competitions

322



ISSN: 2076-8184. Information Technologies and Learning Tools, 2020, Vol 75, Nel.

(Odesa National Academy of Food Technologies), Youth Technology Festival "Spring soft"
(Kropyvnytsky), Tech Fest Festival and BestRoboFest in Dnipro, scientific picnics (in
different cities of Ukraine), the Olympiad on robotics AsimovOlympics (Kharkiv-Kyiv-
Odessa), the All-Ukrainian Innovation Festival, Ferrexpo Robot Fest (Gorishni Plavni),
Sikorsky Challenge (KPI). The camps for children and young people become popular during
the vacation period — robotics camps (cities of Kyiv, Mykolaiiv, Kharkiv, Kherson),
programming camps (Dnipro, Kyiv, Kremenchug, Kharkiv), summer mathematical schools
(cities of Kyiv, Lviv, and Kharkiv).

The quality of STEM-education is determined by the professional level of the teacher,
their STEM-competence and ability to involve others in the scientific and technological
activities.

That is why the organization of STEM-education is relevant for trainee teachers and
will help them become effective and competitive in the labour market in the context of rapid
technological change. The introduction of the new state standard of primary general education
(2016), as well as changes planned in the standards for secondary and high school, require
appropriate professional training of teachers. The public educational policy enables teachers
of all specialties to develop and implement new integrated approaches to education, according
to the doctrine of educational reform that has been taking place in recent years. Therefore, the
creation of curricula for STEM-education should be aimed at pre- and in-service teachers.
STEM-education should involve the formation of the skills necessary for the job, develop
skills throughout the practice and improve them through advanced training.

The development of an educational environment for STEM-oriented learning involves
observing the following basic conditions:

- Interaction at all levels of the educational system — students-teachers, colleges-
universities, etc.

- Virtualization of educational space — digital technology is present on a par with other
training tools.

- Personality orientation — designing the educational trajectory in accordance with the
needs and requirements of the student.

- Modularity — a curriculum is structured so that individual units can be modified and
combined with other curricula. This will allow the modification of the functionality of
the curricula, enhance their integration and promote timely updating.

The importance of this issue encourages teams of scholars from different universities of
Ukraine to open STEM-centres at their educational institutions, for example, at V. Hnatiuk
Ternopil National Pedagogical University, B. Grinchenko Kyiv University, Bohdan
Khmelnitsky Melitopol State University, Kherson State University.

The two-year experience of the STEM-school at Kherson State University (KSU) shows
that interaction at all levels of the educational process among the participants is a key factor
for successful learning [26]. The model of the educational environment of the STEM school,
shown in Figure 2, demonstrates the interaction among all participants in the educational
process. Such a model fully implements the structure of the interaction of all participants in
the educational STEM-environment presented above.

It should be noted that mastering basics of robotics, programming, and 3D modeling by
students involves three consecutive levels of learning project complexity (basic models,
ready-made solutions and open-source projects). The first two levels involve providing ready-
made instructions and sample assignments. However, base models, which form the basis of
the first level, are used as part of more complex projects of the second and third levels of
complexity.
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Fig.2 Model of the STEM-school educational environment

On the basis of STEM-school there are classes for school-age children in the basics of
programming and robotics. The rationale for this choice was made earlier [27], [28]. It should
be noted that the choice of educational subjects is not limited to the indicated ones. For
example, the International Green School [29] is organizing STEM-based learning programs

based on building codes.

Studying robotics on the one hand requires the availability of certain technological
facilities, and on the other hand, a good knowledge of physics, programming and
mathematics. In addition, each robotics project is a solution to a complex problem of social,
economic, or environmental relevance. Table 1 provides some examples of environmental
conservation and restoration projects that are carried out within integrated activities.

Table 1.
Examples of projects

Projects Discipline

— The problem of — Natural science — information on species, quantity,
waste recycling of garbage, classification

— Green power — Physics — energyi, its types, mechanics and electronics

— Petroleum (according to the topics).
products, purification — Chemistry — inorganic chemistry, solutions, compounds.
of reservoirs — Mathematics — to establish a connection between input and

— (smart output data, the construction of mathematical models.
greenhouse, house, — Informatics — processing of numerical data.
meteorological — Technologies — utilizing and recycling of garbage,

station, etc.)

production of handmade paper (other products). Manufacturing of
power-saving devices and cleaning devices.

— Economy - cost of devices, project budget.

— Social and healthcare sector — presentation of a project to
the general public at exhibitions and festivals, representation at
foreign events, communication in the professional environment.
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Each of these projects can be scaled according to the levels of student learning. Levels
of education are the stages of STEM-education. Here are the characteristics of each of these

steps (Table 2).

Table 2.

Characteristics of students’ project activity

Stage I - technological
literacy

Stage II - deepening of
knowledge

Stage III - creation of
knowledge

Models

Work with basic
models, concepts

Work on projects with
a ready-made solution

Work on open source
projects and personal
projects

Characteristics of|
the project

Projects with one
solution. A simple
constructive problem
that reflects a need or
desire that includes
certain criteria for
success and
constraints on
materials, time or
value

Projects with several
options. Creation and
comparison of various
possible solutions
based on the problem

Projects with many options.
Analysis of test data to
determine the similarity and
differences between several
technical solutions to
determine the best
characteristics of each one
that can be combined into a
new solution to meet the
criteria for success

Teacher's actions

The teacher knows the
result, the ways of
achieving it, the
mistakes that may
arise

The teacher knows the
result, the ways of
achieving it, the
mistakes that may
arise

The teacher knows what the
result is, but there has not
been a finished solution yet,
possible errors and ways to
achieve the result have not
been identified yet

Student actions

Students create
prototypes based on
patterns, based on
examples of their life
experiences

Students create their
designs, taking into
account the
requirements of the
project, looking for
templates

Students must constantly
work with the criteria,
comparing them with the
results, modify the decision,
build templates

In addition to classes with children on the basis of STEM-school, other types of work

are carried out, which implement the presented structure of interaction of all participants in
the educational STEM-space:

— classes and excursions for students,

— training seminars for teachers,

— teaching internship for trainee teachers,

— involvement of young people in R&D through organization and participation in
competitions and festivals,

— lectures delivered by leading specialists and successful people.

The tasks of STEM-school are:

— Support of scientific, technological and engineering components in informal education
of students.

— Making natural science and engineering laboratories available to students and teachers,
providing access to advanced equipment and innovative programs.
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— Motivation of senior students for continuing education in scientific, technological and
engineering spheres.

— Popularization of inventive and research activities.

— Project-oriented study of students under the guidance of young scientists and engineers.

— Increase in the number of schoolchildren, future entrants who are interested in
technology, programming, research in related industries.

— Formation of the expert community in the field of STEM-education, including further
education of teachers and instructors, in particular in the area of robotics.

Today, STEM-school is working on creating conditions for adaptation and

implementation of innovative programs created by Master students, PhD students, academics
of Kherson State University, leading IT companies and enterprises.

4. CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH

The developed structure of the interaction of participants in the educational process in
the educational environment of STEM-oriented learning provides the opportunity for practical
construction of space that contributes to solving the following tasks: making scientific and
technological careers attractive for young people, the integration of business and education
with a view to creating scientific interactions of all participants of STEM-education and
support of innovative ideas in the society.

The article defines the educational environment of STEM-oriented learning as a set of
objective external conditions and social factors (administrative and management component,
technological facilities, human resources) that influence the formation of the scientific and
technological outlook of the individual. It is a necessary component for the successful
functioning of STEM-education. The conditions (provision of scientific and methodological
support, cooperation, development and popularization STEM-education) that are necessary
for the construction of the educational STEM-environment are established.

Design of the vertical and horizontal connections between participants in such
educational and scientific process gives a vision of future professional activity and creates a
community of strong collaboration. One of these conditions is interaction at all levels of the
educational system. Support of innovative ideas and research atmosphere in the society make
scientific and technological careers more appealing to young people.

The model which implements the scheme of interaction between participants (students,
teachers, tutors) in STEM-oriented educational environment serves as a platform for
establishing cooperation between different participants in the educational process.
Strengthening the interaction between education, science, technology and business is possible
only with the construction of a society ready to collaborate on solving real social and
economic problems. The main role in this process is given to professional training of qualified
personnel, the creation of STEM-centres, and the dissemination of STEM-education ideas.

In the future, it is planned to continue research on the development of STEM-education
in the areas of developing syllabi of new courses and integrating them into the educational
process in order to create conditions for the implementation of the innovative potential of
youth. We also see the prospect of further research in theoretical substantiation and
development of a system for assessing the educational STEM-environment.
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AHoTanig. Y cTarTi po3MISHYTO BIUIMB BUMOI PHHKY Mpali A0 CHCTEMH OCBITH B KOHTEKCTI
TEXHIYHOTO PO3BHUTKY CYCIIIBCTBA 1 3MIHW €KOHOMIYHOTO PO3BUTKY AEpiKaBH. TaK0oX PO3IIISTHYTO
OCHOBHI HamnpsMH 3MiHH E€BpPONEHCHKOI OCBITHBOI MOJITHKH Ta iX Qopmamsaliis y BHTISAI
pPaMKOBUX KOMIIETCHTHOCTEH. [IpoBeZieHO aHami3 cHUTyalliii B iHIIUX KpaiHaX 3 BIPOBAKECHHS
STEM-ocBiTn Ta ocobmuBocTeid ¢opmyBanHs 1 po3BUTKY STEM-0pieHTOBaHOTO OCBITHBROTO
cepenosuma (ocBiTHboro STEM-cepenoBuina), Skl JO3BOJMB BU3HAYUTH CTPYKTYPY B3aEMOJIii
YYacHHUKIB  OCBiTHhOTO  cepenoBuiia STEM-opi€eHTOBaHOTO  HaBYaHHS, CEpel  SKUX:
aJIMiHICTpaTUBHO-YIIPABIiHChKA CKJIQJI0Ba, CITBPOOITHHUIITBO MK OCBITOIO Ta Oi3HECOBUMHU
CTPYKTYpaMH, HAyKOBO-METOAWYHA NIITPUMKA, TEXHOJOTIYHMH (aKTop, HOMyJsipH3aiis Ta
moncbkuil pakrop. Y poGoTi maHO BH3HaueHHs ocBiTHBOro cepenoBuia STEM-opieHTOBaHOTO
HaBYaHHS. PO3IISIHYTO NpakTHKK opraHizauii OCBITHROrO NpocTOpy B YKpaiHi Ta iHIINX KpaiHax.
e nmamo MOXJIMBICTH BH3HAUUTH CTPYKTYPY B3aeMopii y4yacHUKIB B ocBiTHboMy STEM-
cepeoBHUILi. BiAMOBIIHO 10 KOXKHOTO 3 MYHKTIB i€l cTpyKTypu Oyj0 IOKa3aHO OCOOJIMBOCTI
nuTaHHs BrpoBakeHHS] STEM-0CBITH Ha 3aKOHOAABUYOMY PiBHI, CPOPMOBAHO IMEPEITiK 3aXOIiB,
CIIPSIMOBAaHMX Ha TIOMyJIApu3amio Ta marpuMky STEM-ocBiTH, a TakoX MOUIHUPEHHS IUX iIeH,
3po0JIeHO TIEpelliKk y)Ke ICHYIOUHX PO3pO0OK 1 MpaKkTHK BIPOBAKEHHSA. BCTaHOBIEHO YMOBH,
JMOTpUMaHHS sKuX mnepeadadae moOymoBy ocBiTHboro STEM-cepenopuma. Takoxk y cCTarTi
MIPECTaBICHO MOJENh OCBiTHROTO cepenoBuiia STEM-opieHTOBaHOTO HaBUaHHS (Ha TPUKIAIi
STEM-n1konmu XepcoHCHKOTO NIEPKaBHOTO YHiBepcUTETY). HaBeneHo XapaKTepUCTHUKY MPOEKTHOT
JISUTbHOCTI BYUMTEJNSl 1 Y4HIB y po3pisi eramiB BnpoBajkeHHs STEM-ocBitn. Takoxk HaBeneHi
NPUKJIAAN MDKAMCIMIUTIHADHUX TPOEKTIB, peaii3alis SKUX NOTpedye HasBHOCTI B YUUTENS
XOPOILOi TEOPETUYHOT 0a3u 3 MaTEMaTUKH, (i3UKH, TEXHOJIOTIH Ta IporpaMyBaHHSI.

KawuoBi caoBa: STEM-ocsira; ocBiTHe cepenosume STEM-opieHTOBaHOrO HaBYaHHS;
OUUIBHICTH  yuuTelsl; B3aemoqis; mnomynspusauis STEM; crpykTypa B3aemonii; MoJemb
(yHKITIOHYBaHHS.
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AHHoTanus. B cratee paccMOTpeHO BIHMsSHHE TpeOOBAaHUN PBIHKA TPyZAa K CHCTEME 00pa3oBaHUA
B KOHTEKCTE TEXHMYECKOrO pa3BUTHs OOLIECTBA M H3MEHEHUs HKOHOMHYECKOTO pPa3BHTHS
rocynapctBa. Takyke pacCMOTPEHO OCHOBHbIE HampaBileHuss u3MeHeHus EBpomneiickoil
00pa3oBaTeNbHOM MOJIUTHKM M MX (popMmanu3auus B BUAE PaMOYHBIX KomreTeHIMH. [IpoeneH
aHaIM3 CHUTyaluid B Apyrux crtpaHax no BHenpenuto STEM-oOpasoBanuss u ocoOeHHOCTEH
¢opmupoBanust u pasButuss STEM-opueHTHpoBaHHOWH 00pa3oBaTEIbHOW CpENbl, KOTOPBIH
TI03BOJIMJI OTIPE/ICIINTD KIIFOUEBbIE KOMIIOHEHTHI, HEOOXOIMMBbIE JJIsl TOCTPOEHHSI 00pa3oBaTeIbHOM
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cpenst  STEM-opueHTHpOBaHHOTO  OOy4YeHHMs, CPEeAM  KOTOPBIX:  aJIMHHUCTPATHBHO-
YIpaBJICHYECKasi COCTABIISIONIAs, COTPYAHNYECTBO MEX/y 00pa3oBaHUEM U OM3HEC-CTPYKTYpaMH,
HAYYHO-METOJMYECKasl MOJAEPKKa, TEXHOJIOTHYECKIH (PaKTOp, MOMyIApH3anus W 4eIIOBEUESCKHUNA
(dakrop. B paGore maHo ompenenenne obOpasoBaTesbHON cpeasl STEM-opHeHTHPOBaHHOTO
oOyueHns. PaccMOTpeHbI IPaKTUKK OpraHU3aluyd 00pa30BaTEIBHOTO MPOCTPAHCTBA B YKpaWHe H
OPYTUX CTpaHaX. OTO MO3BOJIJIO ONPEAEIUTh CTPYKTYPY B3aUMOICHUCTBUS YYAaCTHHKOB B
obpazoBatensHoit STEM-cpene. CoriacHO KakKIIOMy M3 IYHKTOB 3TOW CTPYKTYPHI ITOKa3aHbBI
0COOEHHOCTH pealM3alii WX B HAIleH CTpaHe: NEepeYrCIICHBI Iard, KOTOphle OBUIM CIeNaHbl B
VYxpaune i pemenust Borpoca BHeapenust STEM-o0pa3oBanus Ha 3aKOHOAATEIBHOM YDPOBHE,
c(hOpMHUPOBaAH NEepeYeHb MEPOIIPUTHI, HANIPABICHHBIX Ha MOIYJspU3anuio U noauepxky STEM-
00pa3oBaHKs, a TaKXKe PaclpoCTPaHEHUE ITUX HJEH, NMPUBE/ICH NEPEUCHb YK€ CYLIECTBYIOIINX
pa3paboTOK W MpPaKTUK BHEIPEHHs. YCTAHOBJEHBI YCIOBHUS, COOJIONEHHE KOTOPBIX
npeaycMaTpuBaeT rnocrpoenue odpasosaresnsHoit STEM-cpensl. Takke B cTaThe MpeicTaBlicHa
Mojenb obOpasoBarenbHol cpenbl STEM-opuentupoBanHoro oOydenus (Ha npumepe STEM-
HIKOJIbI XEPCOHCKOTO TOCYAapCTBEHHOTO YHUBepcuTeTa). [IpruBeneHa xapakTepucTuka nmpoeKTHOM
JIEATEIBHOCTH YYHTENsl M yJaluxcsl B paspese dTanoB BHeApeHuss STEM-obOpaszoBanus. Taxoke
MPUBEICHBI IPUMEPBI MEXIUCIUILIMHAPHBIX TPOEKTOB, pearu3alisi KOTOPHIX TpeOyeT HAMIus y
YUUTENs XOpoIled TeopeTHUecKod 0Oa3pl MO MaTemaTtuke, (HU3UKE, TEXHOJOTUSIM |
MIPOTPaMMHPOBAHHIO.

KuaroueBble ciaoBa: STEM-obOpa3zoBanue; obOpasoBatenbHas cpena STEM-opueHTHPOBaHHOTO
o0y4YeHHs;, JICATEIBHOCTh YUUTENs; B3aumozeilicTeue; mnomyispusamus STEM; crpykrypa
B3aUMOJICHCTBUSA; MOJICTb ()YHKIIUOHUPOBAHHS.
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