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STEM, STEAM OR STREAM-EDUCATION: IT IS YOUR CHOICE!

The article deals with an actual problem of the improvement of pedagogical education system, namely a new
direction — STEM-STEAM-STREAM-education. The objective of the study is to outline the origins of the problem genesis,
to analyze the essence and content of STEM-education, to identify the main problems and contradictions, to identify the
main means of its implementation. Synergistic, systemic, competence-oriented and activity-oriented approaches have
become theoretical and methodological foundation of the study. The conclusion about the expediency of STEM-STEAM-
STREAM-education combining has been made on the basis of theoretical analysis of the problem and the students of
higher pedagogical institutions questionnaires. It will allow to develop left and right hemispheres of a brain
simultaneously, which will contribute to its holistic functioning.

With the aim of formation of future natural sciences teachers’ key and subject competences the means of STEM-
STEAM-STREAM-education have been determined. That is the implementation of environmental projects in the process
of education. The essence and methodology of the following projects implementation have been characterized: «Plastic
bottle — a valuable thing from the past or a useless thing of nowadays? », «Let’s save the Christmas tree togethery,
«Destruction of naturey, «Eco-feeder for our feathered fiiends», «Clean gullies — clear consciencey. Enumeration of
competences based on the reflection of students’ own activities, the formation of which is mostly facilitated by the
mentioned project activity has been determined.

Fulfilment of eco-projects has a positive effect on the development of components of innovative competence of the
students of higher pedagogical institutions (the ability to apply scientific methods of cognition in the educational process,
the ability to use innovations in professional activities, the ability to apply various approaches to solving problems in
pedagogical activities).

The prospects for further study consist in the research of the following problem: preparation of future natural
sciences teachers for modeling of educational activity using STEAM-technologies and their significance in the
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methodology of forming a model of bioethical behaviour of school students on the basis of the concept of sustainable
development.
Keywords: newest educational technologies, natural sciences, project activity, environmental projects.
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STEM, STEAM YU STREAM-OCBITA: BUBIP 3A BAMMU!

Y cmammi pozenadaemovca akmyanvrua npobniema 600CKOHANEHHA CUCHEMU NEOA202i4HOI 0CGIMU, a came HOBUlL
nanpam — STEM-STEAM-STREAM-ocgima. Mema Oocniddcenns nonsiecae 8 OKpecieHHI 8UMOKI@ npobiemozeHesy,
npogedenni ananizy cymuocmi ma smicmy STEM-oceimu, 6usgnenti 0CHOGHUX NpoOIeM ma cynepeyHocmell, 6UHAYEHHI
OCHOBHUX 3aco6ig ix peanizayii. Teopemuxo-memooon02iuHOW OCHOBOK OOCHIONCEHHSA CKIAMU CUHEePSeMUYHULL
cucmemHul, KOMREMEeHMHICHO-0PIERMOBaHULl ma JisibHicHull nioxoou. Ha ocnosi meopemuunozo ananizy npobnremu ma
AHKeMy8aHHs CMYOeHMis8 3aKiadie eunujoi nedazo2iynoi oceimu 3po0.ieHo BUCHOB0K npo doyinbHicms noconanns STEM-
STEAM-STREAM-ocgimu. Lle 003601ums 00HOUACHO po3susamu 1igy I npagy NiGKYii 20108HO20 MO3KY, W0 CRpUSMUME
11020 YINiCHOMY (DYHKYIOHYBAHHIO.

3 memoio ¢opmysanns y MmanuOymuix yyumenie npupoOOHUYUX OUCYUNILIH KIIOYOBUX 1 NpeOMemHux
xomnemenmuocmetl susnaveno sacoou STEM-STEAM-STREAM-ocsimu. Tobmo peanizayis exonro2iuHux npoeKkmis y
npoyeci naguanns. Oxapakmepuzo8ano Cymuicms ma mMemooonozilo peanizayii nacmynnux npoekmig: «llnacmuxoea
NAAWKA — YIHHICMb MUHYI020 YU MApHA piy cb0200eHHA?», «30epedceMo ANUHKY pazomy, «3HUWeHHS Npupoouy,
«Exoeodisnuys ona nawux nepnamuxy, «Hucmi apu — uucma cosicmoy. Ha ocnosi ananizy pezyiomamis peguexcii
61acHol disnbHocmi cmyOeHmis, 6U3HAYEHO NepeNiK KOMNemeHmHOCmel, (OpMYBAHHIO AKUX Haubinbue Ccnpuse
00CIOAHCYBAHA NPOCKMHA OISIbHICTb.

Bcemanoeneno, wo sukonanis ekono2iunux npoexmis NO3UMUEHO 6NIUBAE HA PO3BUMOK CKIAO0BUX THHOBAYIUIHOT
KOMREeMeHMHOCMI CIYOeHmi8 BUUUX Neda202iuHUX 3aK1a0ie 0ceimu (YMIHHA 3ACMOCO8YEAMU HAYKOBL MemoOU Ni3HAHHS
6 HABYAIbHOMY NPOYEC, BMIHHS BUKOPUCIOBY8AMU IHHO8AYIL Y NPOgheCilinill OisIbHOCMI, 30aMHICMb 00 3ACMOCO8Y8AHHS
PI3HUX ni0X00i6 00 supiulenHs npoodiem y neoazoziunil OisibHOCMI).

Tlepcnexmugu nodanbuio2o 8UGUEHHS NOAA2AIOMb Y OOCHIONCEHH] NPodIeMu NiO20MOBKU MAUOYMHIX Yuumenie
NPUPOOHUYUX OUCYUNTIH 00 MOOeT08AHHA HA8UANbHOI disivhocmi 3 euxopucmanuam STEAM-mexnonociu ma ix
3HAYEeHHs 8 Memoouyi hopmysants mooeni 6ioemuynoi n0GediHKU WKOAAPIE HA OCHOBE KOHYeNYisl CINailo2o PO36UMK).

Kniouosi cnosa: nogimmi oceimmui mexnonoeii, npupoOHuYi HayKu, NPOEeKmMHa OiLIbHICMb, eKOA02IUHI NPOEKMU.
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Statement of the problem in general. We all are witnesses of the world’s changes and its
moving towards the information-holistic world space. The rapid increase of scientific knowledge
(every 2 years the total content of information increases by 6-8 times), the emergence of computer
facilities, the importance of which is obvious to each of us, especially in the period of quarantine
(online learning), make actual the need for evolutionary changes in the society, in general, and the
education system in particular. The world we live in has already changed. And what is being done in
our general secondary education institutions?

It was substantiated in the theory and practice of teaching long ago that the studying of school
natural sciences subjects, in which energy-information and material components of the world are
separated from each other in order to study only simplified physical, chemical or biological forms of
matter motion, hinder progressive changes in education. However, they do happen, because every
day the future in the form of our children comes to school with the eyes in which one can clearly see
the question: «Why should | know that? ».

An analysis of recent research and publications. The problem of STEM-education was the
object of scientific research of Babiichuk S. (2018), Balyk N. (2017), Besedin B. (2018), Hloba O.
(2021), Kuzmenko O. (2020), Polikhun N. (2017), Slipukhinal. (2017), Smoliakov O. (2018),
Chernetskyi 1. (2017), Shmyher H. (2017) and others. Their researches describe the educational
technology of STEM as a means of reforming the educational system of Ukraine, the essence,
directions, approaches and use of STEM-STEAM-STREAM-education. However, the problem of
integrating the content and activity during the carrying out of environmental projects in the process
of future natural sciences teachers training has not yet been the subject of scientific research.

The purpose of the article. The objective of this paper is to outline the origins of the problem
genesis, to analyze the essence and content of STEM-STEAM-STREAM-education. To characterize
the essence and methodology of the environmental projects as a means of STEM-STEAM-STREAM-
education implementation.

To achieve the abovementioned objective and tasks, a number of methods have been used,
namely: theoretical — comparative analysis to find out different views on the problem, identify areas
of study; modeling to develop a methodology for using information devices in the process of future
natural sciences teachers training; systematization and generalization to formulate conclusions and
recommendations for improving the educational process in biology; empirical — generalization of
pedagogical experience, scientific observation, interviews, questionnaires in order to determine the
state of implementation of the problem in practice; pedagogical experiment, which provided
verification of the effectiveness of the proposed methodology; statistical methods for analyzing and
establishing the reliability of the study results.

Experimental research has been carried out on the basis of Ternopil V. Hnatiuk National
Pedagogical University, Sumy A. Makarenko State Pedagogical University among the students of
educational programs 014 Secondary Education (Biology and Human Health), (Chemistry),
(Geography), (Natural Sciences) during 2022-2023 and 2023-2024 academic years. A total of 553
students participated in the experimental research (333 students out of them studied in experimental
groups and 220 students studied in control groups) and 25 respondents from the teaching. The criteria
of efficiency of the offered methodology of realization of STEM-STEAM-STREAM-education have
been defined: the level of development of innovative competences.

Presentation of the main research material. Recollect the well-known saying: «Everything
new is actually well-forgotten old». The scientists trace back the origins of STEM-education to the
methodological developments of the following founders of project activities as J. Dewey, W.
Kilpatrick and others. However, in our opinion, the technology of complex education, which was
widely implemented in Ukraine in the 20-30s of the XX century during the period of maximum
activity of pedagogical public opinion, received insufficient analysis and evaluation. And namely this
technology is the basis of STEM-education.

An attempt of the holistic reflection of nature in the content of education was made in 1923,
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when comprehensive programs were implemented in school practice. According to scientific sources
[12], the authors of the programs followed the way of synthetic generalization of educational material
around 3 topics: «Nature», «Labour», «Society». Labour activity of people, which had to be
considered in connection with nature as the object of this activity was in the center. Herewith, subject
structures as such were mostly liquidated. F. Krasinov, a scientist of that time, defines the complex
as: «The complex is a group of objects which are subjected to scientific and pedagogical research, a
group united by a certain internal connection and adjacent to a certain central idea, which is like an
idea, a core or a kind of ridge, around which all the studied material is organically and harmoniously
placed» [12, p. 75]. A typical example of the complex of that time is the project named «Well» (F.
Krasinov), developed on the basis of integration of physical, technical and partly hygienic knowledge.
The scientist divided the material into 8 parts: On the importance of the well; Well measurement;
About where the water in the well comes from and how it gets there; Where from and how water
penetrates into the well; On the property of water to dissolve some solids; About the water
temperature in the well; Hygiene and sanitary importance of wells; Investigation of the phenomena
that have to be dealt with when collecting water from a well by buckets or pumps.

It is worth paying attention to M. Zaretskyi’s remarks concerning the suggested material. Thus,
the researcher believes that cultural and historical, economic, artistic, and mathematical elements
could be built around the relevant core. At the same time, it was recommended not to be delighted
with the idea of complex teaching, but to use it sporadically, to diversify school work [12]. That is,
as we consider, the idea to combine STEM-STEAM-STREAM-education was uttered.

Hereby, in general didactic term, we can recognize that complex teaching was developed in line
with the approach, which in modern pedagogy is called STEM-education, but the basis of its integrity
from the very beginning was separated from the systematic character of subject knowledge.
Therefore, obviously, complex education could not become the basis of school education in general,
and, unfortunately, the mentioned ideas were not widely developed, as the entire experimental search
of the 20-30s was eliminated.

Let us focus on the interpretation of the notions, which are increasingly being introduced into
our present: STEM-education; STEAM-education; STREAM-education. STEM (S - science, T —
technology, E-engineering, M-mathematics). The acronym STEM is used to denote the current trend
in education, which includes science, technology, engineering and mathematics. This is an area of
education in which the curriculum enhances the science component and innovative technologies.

In STEAM-education, art is added to the above-mentioned characteristics, and in STREAM-
education - reading and writing. As we can see, science and mathematical education (STEM) when
enriched by art is already STEAM, and with the inclusion of key components of reading and writing
it becomes STREAM. Definitely, studying of the theme in complex is the guarantee not only of the
development of key competences, but also the consolidation of school students’ natural interest in
exploring the world, and for future teachers — communication skills.

Taking into account our extensive experience of pedagogical activity, especially the training of
current future natural sciences teachers, the content of the Professional Standard for Teachers of
General Secondary Education, we consider it appropriate to combine STEM-STEAM-STREAM-
education. It helps to develop left and right hemispheres of a brain simultaneously, which contributes
to its holistic functioning.

Studying the practice of modern introducing of STEM-education, for example, shows that,
summarizing the experience of Kropyvnytskyi secondary school Ne 79, teachers conclude about its
ten advantages:

1. Efficiency of integrated teaching according to the «themesy, but not by the subjects.

2. Application of scientific and technical knowledge in the real life. STEM-education through
practical classes demonstrates to children the application of scientific and technical knowledge in the
real life. Children study specific project and then create a prototype of a real product with their own
hands. For example, when getting acquainted with a rocket, young engineers learn what the
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engineering design process is, launching angle, pressure, tension force, friction force, trajectory and
coordinate axes.

3. Development of critical thinking and problem solving. STEM programs develop critical
thinking and problem-solving skills needed to overcome the difficulties that children may face in life.
For example, they construct cars at classes, then they are tested. After the first test the children analyze
why their car did not reach the finish line, eliminate errors and test the model again. And so it
continues up to achieving the goal.

4. Increase of self-confidence. Creating your own products, models, testing and improving them
help children not only succeed in a specific project, but also to learn to solve problems on their own
and to become confident.

5. Active communication and team work. There is a congenial atmosphere for discussions and
expression of opinions, presentations and development at classes. Actively participating in the
process, children remember the lesson better.

6. Development of interest in technical subjects. Tasks of STEM-education create conditions
for the development of school students’ interest in natural sciences and technical disciplines, because
they are very entertaining and dynamic, and children never get bored.

7. Creative and innovative approaches to the projects. STEM-education consists of six stages:
questions / tasks, discussion, design, structure, testing and development. These stages constitute the
basis for the project approach. Simultaneous study and application of science and technology can
create many new innovative projects.

8. The bridge between education and career. According to various ratings, 9 out of 10 popular
specialties will require STEM knowledge. In particular, the growth of the demand for specialties such
as chemical engineers, software developers, petroleum engineers, computer systems analysts,
mechanical engineers, civil engineers, robotics engineers, nuclear medicine engineers, underwater
buildings architects and aerospace engineers is anticipated.

9. Preparation of children for technological innovations of life. STEM programs also prepare
children for the technologically advanced world. Over the past 60 years technologies have evolved
greatly from the discovery of the Internet (1960), GPS technology (1978) to DNA scanning (1984),
and of course to the iPod (2001). Today nearly everyone uses an IPhone and other smartphones. It is
simply impossible to imagine our world today without technologies. Technological development will
continue, and STEM skills are the foundation of this development.

10. STEM as a supplement to the school curriculum. STEM programs for school students aged
7-14 are also designed to increase their interest in their regular classes. For example, at physics
lessons, school students get acquainted with gravity, which is explained by formulas on the board,
and during STEM-education they launch parachutes, rockets or airplanes.

The results of monitoring the educational process and questionnaires of 25 natural sciences
teachers of higher education institutions showed that 92% of respondents do not sufficiently
implement an integrated approach in forming the content of education both at the level of educational
material (projective content) and at the level of pedagogical process (content implementation).
Respectively they do not implement STEM-education, the basis of which is an integrated approach
to the study of natural phenomena. Teachers experience significant difficulties in establishing
interdisciplinary and intradisciplinary links for a holistic view of natural phenomena and processes,
interpretation of general laws of nature, and others.

During the fundamental disciplines studying the teachers pursue the goal to acquaint students
with the facts, concepts, laws and theories of the corresponding foundations of sciences. Herewith,
the fact that the content of the foundations of sciences is a source of only the cognitive component of
future natural sciences teachers’ professional competence formation is not taken into account.
Figurative thinking development was not the goal in none of the analyzed educational programs. Only
those teachers who teach methods of school subjects teaching are aware of the feasibility of
combining figurative and logical thinking (12%). But even they do not take into account its specifics
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in the process of constructing the content of educational material at the level of pedagogical activities.
4% out of them consider it to be superfluous in teachers professional training, answering that its
combination only complicates the teaching process. However, in the past century it was substantiated
in didactics that it is advisable to take into account in forming the content of education of students the
model of the academic subject, including to the objects of study such knowledge as historical, logical,
methodological, evaluative, and others. Exactly the components of procedural (auxiliary block) of
school subjects that are included in the curriculum in order to study the basics of sciences, is a means
of overcoming the main methodological contradiction of cognition: between the integrity of nature
and the fragmentary character of its cognition.

With the aim to check the efficiency of environmental projects using, the students were asked
to carry out the following environmental projects: «Plastic bottle — a valuable thing from the past or
a useless thing of nowadays? », «Let’s save the Christmas tree together», «Destruction of nature»,
«Eco-feeder for our feathered friends», «Clean gullies —clear conscience». Their choice is determined
by the specifics of the subject.

All the projects were carried out by students during independent work individually, in pairs or
in groups as individual research tasks. There was certain time to defend the projects, where each
student could present the results of his work. The fulfilment of each project required knowledge not
only of physics, chemistry, biology or ecology, but also creative, research, interdisciplinary
approaches, creativity, use of computer technologies, mathematical literacy and the ability to
communicate actively and work in a team.

Let us characterize the peculiarities of the mentioned environmental projects in the process of
future natural sciences teachers training, taking into account the concept of STEM-education [15] and
the Concept of pedagogical education development [16]:

1. Integrated teaching. STEM-education combines in itself interdisciplinary and project
approaches, based on the integration of natural sciences into technologies, engineering and
mathematics. During the carrying out of the project «Plastic bottle — a valuable thing from the past or
a useless thing of nowadays? », at first students studied the chemical composition of plastic, its
properties (critical reading skills were developed), and then, taking into account aesthetic preferences,
made things from plastic bottles for their reuse (development of figurative thinking). They made bird-
feeders, pencil cases for stationary and even adornments. To make earrings, it was necessary to take
an engineering decision regarding the fastening of the plastic component on the hook. To make a
pencil case, it was necessary to calculate mathematically the total length of the manufactured object
and the length of the clasp, to think about how to fasten them together. The carrying out of the project
«Destruction of nature» combines knowledge of Ukrainian folk traditions, creative embroidery,
sewing, fabric selection, decoration and understanding of the harmful effects of modern disposable
plastic bags on the environment.

2. Application of scientific and technical knowledge in the real life. During the carrying out
of all environmental projects, students studied a specific phenomenon or process, and then created a
prototype of a real product with their own hands.

In the course of the environmental project «Eco-feeder for our feathered friends» fulfilment all
the final developments were hung on the territory of universities. Eco bags, which were made by the
students, were able to replace disposable plastic bags, which contributed to the formation of
entrepreneurial competence of future natural sciences teachers. The handmade New Year’s
compositions (which did not have branches of coniferous trees) were used during winter celebrations.
Thus, the products made during the project fulfilment were used in everyday life.

3. Development of critical thinking and problem solving. STEM programs develop critical
thinking and problem-solving skills needed to overcome the difficulties that a person may face in life.

The problem of environmental pollution is not new today. Everyone wants to have a cozy place
for outdoor recreation and comfortable conditions for this. During the carrying out of the
environmental project «Clean gullies — clear conscience» the students were able to clean the the
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Sumka River floodplain, which flows through Sumy region. To carry out this project it was necessary
to show team spirit and organizational abilities. Some students gathered rubbish following safety
standards and using personal hygiene items, while others arranged the organized removal of collected
waste.

4. Increase of self-confidence. Creating one’s own products, models, testing and improving
them helps every person to become more confident and increases the level of self-esteem. During the
final questionnaire, some students noted that they had worked with the similar materials for the first
time in their lives and they liked it. During the environmental projects defence, students conducted
workshops for all interested people in order to promote skills and abilities that they have acquired
independently.

5. Active communication and team work. There was a congenial atmosphere for discussions
and expression of opinions, presentations and development during the fulfilment of the project. STEM
anticipates teamwork. Working together students expressed their ideas and suggestions, discussed,
and justified their position.

Before fulfilment the project «Clean gullies — clear conscience» a curatorial hour was held with
students on the topic: «Clean environment — everyone’s desire». The problem of soils, water and air
pollution was discussed at this class. The students were asked to draw (artistic competence) a
«friendly caricature» for nature during the class. The work was carried out in groups, and after its
completion the leader of each group offered to start the practical implementation of solving the
problem of environmental pollution.

6. Development of interest in technical subjects. One of the key tasks of STEM is to
demonstrate the advantages of technical and natural sciences specialties. The student who understands
the structure of living organisms and the processes that take place in them, finds learning entertaining
and interesting. Today it is interesting to study living objects with the help of 3D (4D) (5D)-models,
which help the researcher to create augmented reality. The use of Google Play Market applications
allows to develop computer, mathematical and entrepreneurial competences.

7. Creative and innovative approaches to the projects. STEM-education consists of six
stages: questions / tasks, discussion, design, structure, testing and development. Environmental
STEM projects involve realization of any of students’ creative ideas. Embroidery to decorate eco
bags, the use of orange peel to make a feeder, work with a plastic bottle to make adornments or the
use of a plastic bottle to make a Christmas tree — all these things contribute to the implementation of
innovative and creative approaches.

Let us consider how we can trace the components of STEM-STEAM-STREAM-education
while working on the project «Plastic bottle — a valuable thing from the past or a useless thing of
nowadays? »

Science

» working up of scientific literature about plastics, pollution of the environment by plastic
(formation of reading and writing skills);

» carrying out observations and experiments with a plastic bottle;

» establishing of causative relationships (why does a plastic bottle not decompose for a long
time, etc.);

» identification of interconnections between soil contamination, water pollution by plastic
and human health;

> explanation of the phenomena connected with water pollution by plastic waste;

» description of the properties of plastics (art);

» awareness of the value of nature and the need to take responsibility for environmental
pollution, follow the rules of environmental behaviour.

Technology

= prognostication, selection of optimal methods of activity;

= goal setting and action planning;
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= teaching how to search, select, convert necessary information;

= monitoring and correction of the results of actions;

= working with simple information objects: a text, a picture, audio and video fragments;

= using of general rules of creation manmade objects (conformity of the product to needs,
convenience, durability, aesthetic value);

= product analysis: selection of details, their shape, determining the relative position, kinds
of connection of details.

Engineering

% changing of the kind and way of connection of details (completion, granting of new
properties to a design);

¢+ creating of the construction based on a simple drawing;

% realization of project activities (creation of the plan and ways of its implementation, its
embodiment in the model);

% searching for optimal technological sequence of the plan implementation;

prognostication of the final practical result according to the tasks;

creating of the imaginary form of the construction, embodiment of this form in the model.
Mathematics

comparison and generalization of information;

planning, writing down, execution and updating of the sequence of work;

research planning, collecting and presentation of the received information;

interpretation of the information (explanation, comparison, generalization of data,

conclusions and forecasts);

v'conducting calculations during the designing of reducing the consumption of plastic
materials by one person.

8. Connection between education and career. According to various ratings, 9 out of 10
popular specialties will require STEM knowledge in the nearest future. During the fulfilment of
environmental projects, each participant tried himself as an ecologist, engineer, builder, craftsman,
artist, fashion designer or mathematician.

9. Preparation for technological innovations of life. Every student, taking into account the
necessity for distance learning, has a computer or mobile learning tool. The use of interactive models
and dynamic flash-presentations allows to imitate biological processes and phenomena, to conduct
virtual observations of natural objects, to consider in details their structure, functioning of individual
organs and systems, to study the processes in organisms at the cellular and molecular levels.

Interactive models open up new opportunities by transforming students from passive observers
to active participants of virtual experiments.

10. STEM as a supplement to the syllabuses. STEM environmental projects are designed to
increase students’ interest in their ordinary classes. For example, the fulfilment of such projects
promotes more attentive work of students at classes in genetics, molecular biology, soil science,
ecology.

The efficiency of the proposed methodology of fulfilment eco-projects as a means of implementing
STEM-STEAM-STREAM-education was tested during the formative experiment. Students from
experimental groups studied according to our proposed methodology, and those from control groups
— according to the traditional one. After the completing of experimental training, a survey of its
participants was conducted to determine the effectiveness of the proposed methodology of using eco-
projects based on self-analysis of the level of formation of students’ innovative competence
components. The results of the survey are presented in Table 1. We chose this criterion on the basis
of our own conclusion from the theoretical analysis of the content of educational and professional
programs for training students of pedagogical specialties, concerning the insufficient level of
reflection of this competence and the needs of practice to implement the principle of «lifelong
learningy.
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Analyzing the data of Table 1, we can see that the results of self-analysis of the level of
formation of the first component of innovative competence (the ability to apply scientific methods of
cognition in the educational process) are higher by 29. 2% for the students from E groups in
comparison with those for the students from C groups. At the same time the sufficient level of this
component formation was assessed by 3.7% more students from C groups than from E groups.
Regarding the level of formation of the second component (the ability to use innovations in
professional activities), so and here the respondents from E groups rated their level of competence
formation at high level compared to those from the C groups by 54.1% higher. 7.3% more students
of C than E groups assessed their academic achievements at a sufficient level of this competence
formation.

Table 1.
Level of formation of students’ innovative competence components
(based on the results of students’ reflection)

Innovative competence Level of Number of students whose answers correspond to
components competence the selected groups
formation Control (C) groups Experimental (E) groups
Number of | % Number of | %
students students
1. The ability to apply I 136 61,8 303 91,0
scientific methods of ] 72 32,7 24 7,2
cognition in the 11! 12 5,5 6 1,8
educational process Vv 0 0 0 0
2. The ability to wuse I 74 33,6 292 87,7
innovations in professional ] 124 56,4 32 9,6
activities ] 22 10,0 9 2,7
1\ 0 0 0 0
3. The ability to apply I 60 27,3 182 54,7
various approaches to ] 60 27,3 74 22,2
solving  problems in i 66 30,0 55 16,5
pedagogical activities v 34 15,4 22 6,6
(I - high level; 11 — medium level; 111 — sufficient level; 1V — low level)

Similar results were obtained in the process of reflecting of the level of the third component
formation (the ability to apply various approaches to solving problems in pedagogical activities):
respondents of E groups rate their level of its formation as high by 27.4% higher and sufficient by
27.4% lower than respondents of C groups.

Interesting results were obtained as a result of reflection of the level of formation of the IV
low level of all the above-mentioned components of innovative competence formation. Respondents
from both the E and C groups did not identify it as the one which is not inherent for them regarding
the first two components. Regarding the third component both respondents of E and C groups indicate
a low level of its formation (6.6% and 15.4%, respectively). So, from this we can come to the
conclusion that its formation is more significantly influenced by other content of educational and
professional programs 014 Secondary Education (Natural Sciences), (Biology and Human Health),
(Chemistry).

The analysis of the formative experiment results provides grounds to come to a conclusion
about the effectiveness of the proposed methodology of using eco-projects as a means of
implementing STEM-STEAM-STREAM-education in future natural sciences teachers training. For
greater reliability of the obtained conclusions, a statistical analysis of the results of the experimental
study using criterion X? was carried out. It confirmed that teaching according to the experimental
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methodology helps to improve the quality of innovative competence of future natural sciences
teachers’ formation, which is reflected in changes of the levels of their development for the students,
and these changes are not accidental.

Conclusions and prospects for further research. The use of modern technologies and means
of STEM-STEAM-STREAM-education in a complex creates a single information educational
environment, which is based on real nature objects, integrated computer networks and communication
systems. This allows to accompany and coordinate the educational process of studying wildlife
objects based on a combination of logical and figurative thinking with maximum consideration of the
emotional and value component of the content of education. When implementing eco-projects as a
means of STEM-STEAM-STREAM-education in the educational process of future natural sciences
teachers training, it is necessary to adhere to the principles of reasonable conservatism, continuity,
student-centered teaching. The use of eco-projects should not be the only means of STEM-STEAM-
STREAM-education.

The educational process with the use of eco-projects encourages independent work of each
student, creates a favourable communicative situation and conditions for the development of creative
abilities of the individual, which are especially important for every future natural sciences teacher;
increases the motivation and cognitive activity of students, improves individualization, differentiation
and intensification of the learning process, expands and deepens interdisciplinary links, systematizes
and integrates knowledge of individual academic disciplines, organizes systematic and reliable
control, helps to overcome subjectivity in assessing the level of learning outcomes.

Fulfilment of eco-projects, besides other competences which have already been studied by
scientists, has a positive effect on the development of components of innovative competence of the
students of higher pedagogical institutions (the ability to apply scientific methods of cognition in the
educational process, the ability to use innovations in professional activities, the ability to apply
various approaches to solving problems in pedagogical activities). However, like in any educational
innovation, the teacher must always play a key role. But he turns from the main source of knowledge
into a coach, mentor, a person who shows how many ways exist to gain knowledge and solve
problems. This substantiates the expediency of transition to the creation of a multi-subject educational
environment (nature, teacher, student, information devices).

The prospects for further study consist in the research of the following problems: the impact of
the use of eco-projects as a means of STEM-STEAM-STREAM-education on the formation of key
competences of future natural sciences teachers and school students; determining the place of STEM-
STEAM-STREAM-technologies in modern natural sciences education; preparation of future natural
sciences teachers for modeling of educational activity using STEM-STEAM-STREAM-technologies
and their significance in the methodology of forming a model of bioethical behaviour of school
students on the basis of the concept of sustainable development.
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