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Abstract. The article analyzes the use of a hydroponic device as a STEM education
tool. STEM education is the basis of practical interest and a high level of motivation
of'schoolchildren for research activities and obtaining all the necessary competencies.
The use of STEM technology will allow you to transfer the educational process
to another basis: from observation to hypothesis and experiment, from studying
individual subjects to studying phenomena, from obtaining abstract knowledge to
solving real life problems. The hydroponic system as a teaching technology can
be used in the study of a number of school subjects: computer science, biology,
chemistry, physics and natural sciences. First of all, in order to build the design
of a hydroponic installation, creative data is needed on the selection of necessary
products, the ability to work with tools for connecting plastic pipes, connecting to a
pump, etc. In the manufacture of the structure, it is necessary to calculate the length,
height of the structure, the number of holes for pots, when connected to the pump,
etc. In addition, it is necessary to calculate the amount of nutrients necessary for
the growth of plants, which are controlled by changes in the acid-base environment
and total salinity. The hydroponic plant can monitor the growth and development of
vegetable and green crops and monitor the transport of nutrients. In all courses of
such subjects as “Natural Science”, “Biology”, “Chemistry” and ‘“Physics”, students
will have the opportunity to gain practical skills when working with hydroponic
devices.
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AnHoTanus. Makanaja THAPONOHUKAIBIK KypbuFbiHEl STEM-Oinim Oepy
KypaJjbl peTiHjae Kongany OoibiHIIa Tangay skacanisl. STEM-0KBITY cTyneHTTepAiH
FBUIBIMU-3EPTTEY KYMBICTApbIHA >KOHE OapiblK KaXETTi KY3bIpeTTepli alyra
BIHTATAHABIPYIBIH NPAKTHKAIBIK KbI3BIFYIIBUIBIFEI MEH JKOFapbl ACHIeHiHIH Herisi
Oonbin Tabbuiagbl. STEM TexHONOTHACKIH KOoaHy OutiM Oepy mpoleciH 0acka
HeTi3re ayaapyra MYMKiHIIK Oepeai: OakpulayqaH THIIOTE€3a MEH JKCIIEPUMEHTKE,
KEKe TMOHJAEPAl 3epTTeyAeH KYObUIBICTapAbl 3epTTeyre, Nepekci3 OumiM amygaH
HaKTBl OMIPIIK MocelenepAl memyre AeiiH. [MIpomoHUKaNbIK KYHEHI OKBITY
TEXHOJIOTUSICHIH OipKarap MEKTeN MoHJepiH: MH(opMaruka, OWOJOTHS, XHMHUS,
(u3nKa XKoHE JKapaThUIBICTAHy MOHACPIH OKyJa KoiaaHyra Oomaznpl. EH angsiMeH,
THIPOTNIOHHUKAJIBIK KOHIBIPFBIHBIH KYPBUIBIMBIH KYpy YILIIH KaXeTTi eHiMIepai
TaHay OOMBIHINA IIBIFAPMAIIBUIBIK MAJIIMETTED, IIACTHKAIBIK KYOBIpIapabl KOCY,
COPFBIFa KOCBITY JKOHE T.0. KypajiapMeH KyMBIC icTey MyMKIHIT1 KaskeT. COHbIMEH
Katap, ©CIMIIKTEpAiH ecyiHe KaXXeTTI KOPEKTIK 3aTTapAblH MeJIIEPiH ecenTey
KepeK, onapabl OakplUlay KBIIIKBUI-HETi3 OPTACBIHBIH ©3TepyiMEH JKOHE >KaJIIbI
TY3IBUIBIKIICH KY3€re achlpbuiaabl. [ MAPOIIOHNKANBIK KOHBIPFbIAAa KOKOHICTEP MEH
YKachlT JaKbULAAP/IBIH 6Cy1 MEH JaMybIH )KOHE KOPEKTIiK 3aTTapAbIH TaChIMalAaHybIH
Oakputayra Oonaabl. «KaparbuisicTany», «buonorus», «Xumus» xoHe «Duznkan
CHSIKTBI MIOHJEPAl OKBITYABIH OapiblK KypcTapblHIa OKYIIbUIAp THIPOTOHHKAIBIK
KYpBUIFBUIIAPMEH JKYMBIC iCTey Ke3iHJe MpPaKTUKAJIBIK JaFAbUlapAbl MEHrepyre
MYMKIHJIIK aJIajbl.

Tyiiin ce3nep: STEM-0inim Oepy, «KapaTbuibicTany» MEKTeI MoHi, « buonorus»
MEKTeIl IIoH1, « XUMHUsD» MEKTell NoHi, « DU3uKa»MeKTeN MoHi.

233



Bulletin the National academy of sciences of the Republic of Kazakhstan

A.E. Tnenoeprenosa, M.C. Ecenamanona, K.C. Ecenamanosa, 2024.
Atpipayckuii yauBepcuret uMenu X. Jlocmyxamenosa, Ateipay, Kazaxcras.
E-mail: mansiya.73@mail.ru

PABPABOTKA I'HIPOITOHUKU 1JI51 ®OPMUPOBAHUSA
MNPAKTHUYECKHNX HABBIKOB KABUHETA STEM-OBPA3OBAHUSA

TnendeprenoBa Anap EpcamHoBHa — KaHIuJarT NeJarornyeckKux HayK, acCOLMHPOBAHHBIN
npodeccop kadenpsl «DKkomorusi», Arslpayckuil yHuBepcureT uM. X. JlocMyxamenoBa, ATbIpay,
Kazaxcran, E-mail: anar 2808@mail.ru, http://orcid.org/0000-0001-7373-8944;

EcenamanoBa Mancust CanakoBHA — KaHUIAT TEXHIYECKUX HayK, Ipodeccop kaheapsl « IKOJIOTHs»,
ArtsIpaycknii yausepcutet uM. X. Jlocmyxamenosa, Ateipay, Kazaxcran, E-mail: mansiya.73@mail.ru,
https://orcid.org/0000-0002-5423-2857;

EcenamanoBa Kanap CanakoBHa — PhD, accomumpoBanusiii npodeccop kKadeapsl «IKOJIOTHI,
ArtsIpayckuii yausepcutet uM. X. Jlocmyxamenosa, Ateipay, Kazaxcran, E-mail: zhanyessen@mail.ru,
http://orcid.org/0000-0003-3868-4092.

AHHoTaumMsi. B crarbe npoBeneH aHaau3 N0 NPUMEHEHHUIO THIPONOHHOTO
ycrpoiictBa kak uHcTpyMeHTa STEM-oOpasoBanus. STEM-oOydenue sBisieTcs
OCHOBOM ITPaKTHUYECKOM 3aMHTEPECOBAHHOCTM M BBICOKOTO YPOBHSA MOTHBALIUU
IIKOJIbHUKOB K HAay4YHO-UCCJEN0BATEIbCKON AEATEIbHOCTH W TOJIYYEHHUs BCEX
HeoOXoauMbIX KommeTeHuui. Mcmons3oBanue STEM-TeXHONMOrHM IMO3BOJUT
MepeBeCTH 00pa30oBaTCIbHBINA IMPOIECC HA JPYTYyH0 OCHOBY: OT HAOIIONCHUS K
TUIIOTE3€ M JKCIEPUMEHTY, OT HM3YYEHHs OTAEJIbHBIX MPEAMETOB K H3YyUYECHHIO
SIBIICHUH, OT TOJy4YCeHUsI a0CTPAKTHBIX 3HAHUH K PEIICHUIO PEabHBIX JKU3HCHHBIX
npobseM. [WAPOMOHHYIO CHCTEMy Kak OOYYarol[yl) TEXHOJIOTHI) MOXHO
WCIONb30BaTh TPU HU3YYEHUHM psifa [IKOJBHBIX MPEIMETOB: WH(POPMATHKH,
Ouoyioruu, XuMuu, (PU3UKU U €CTECTBO3ZHAHUS. B TIepBYIO O4epe/ib IJIsl TOTO, YTOOBI
MIOCTPOUTh KOHCTPYKIIMIO THJIPOIIOHHON YCTaHOBKH HEOOXOAMMBI TBOPYECKUE
JTAaHHBIE IO BLIOOPY HEOOXOIUMBIX U3JICIUH, yMEHUs paboTaTh C HHCTPYMEHTAMU 110
COCIMHCHHUIO TIACTUKOBBIX TPYO, TOAKIIFOYCHUS K HAacocy U T.11. [Ipu u3roroBieHun
KOHCTPYKIIMM HEOOXOIMMO MPOU3BECTH MOJICUET IO JIJIMHE, BHICOTE KOHCTPYKIIUH,
KOJIMYECTBE OTBEPCTHUH ISl TOPIIKOB, MPU MOAKIIOUEHUU K Hacocy u ap. Kpome
ATOT0, HEOOXOAUMO PACCYMTATh KOJUYECTBO MUTATEIBHBIX BEIIECTB HEOOXOIUMBIX
JJIsL pOCTa PACTEHUM, KOHTPOJIb KOTOPBIX OCYLIECTBIISIETCS U3MEHEHUEM KHUCIIOTHO-
IIEJIOYHON Cpelbl U OO0IIel COJNeHOCThI0. Ha THApONOHHOW yCTaHOBKE MOXKHO
KOHTPOJIMPOBATh POCT M PA3BUTUE OBOIIHBIX U 3€JICHBIX KyJIBTYp M HaOIONaTh 3a
TPAHCIIOPTUPOBAHUEM IMUTATEIBHBIX BellecTB. Ha Bcex Kypcax oOy4eHHUs TaKux
npeaMeToB Kak «EctecTBo3HaHue», «buonorus», « XuMus» 1 « Pru3uka» MKOJbHUKA
OyIyT UMETh BO3MOXKHOCTBH I10 TIOTYUYCHHIO TPAKTUYCCKUX HABBIKOB IIPH padoTe C
TUJIPONIOHHBIMU YCTPOMCTBAMM.

KirouessbiecioBa: STEM-o0pa3zoBanue, mkoibHbIiTIpenMeT« EcTecTBO3HAHUEY,
LIKOJIBHBI TpeaMeT «buonorus», WKOIbHBIA NpPeaIMeT «XHUMHS», IIKOJbHbBIN
npeaMer «Pu3ukay.
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Introduction. There are many abstract theoretical disciplines in school today,
the knowledge of which the child does not have the opportunity to apply in real life
(Yessenamanova, 2020): knowledge is often given in a ready-made form, requiring
memorization, and unconscious work. It is extremely important for a practical
teacher to stimulate in children their personal interest in the acquired knowledge,
which can and should be useful to them in life. Leontiev (1975) emphasized “activity
is not a reaction and not a set of reactions, but a system, having a structure, its
internal transitions and transformations, its development”. Lack of practical interest
and a low level of motivation hinder the acquisition of all necessary competencies.
The methods of pragmatic pedagogy, especially the project method, which is gaining
popularity again, can help to correct the situation with some formalism of education,
isolation from life, authoritarianism of traditional pedagogy.

STEM, formerly known as SMET, is an abbreviation derived from the timely
rearrangement of the letters by American biologist Judith Ramaley in 2001, who is
the assistant director of the NSF Department of Education and Human Resources.

In fact, STEM is a kind of hybrid learning. This is the integration of the 4 different
disciplines that are most useful to today’s industry, namely:

-Science

-Technology

-Equipment

-Mathematics.

In the most general form, the abbreviation STEM (Science, Technology,
Engineering, and Mathematics) refers to a complex of academic and professional
disciplines in natural, technological, engineering sciences and mathematics aimed at
training specialists with a new type of thinking, without which the development of
an innovative economy is impossible.

At all levels of education, teaching staff and the administration of educational
institutions strive to implement engineering education as much as possible and
strengthen the technological training of graduates. To this end, the use of the STEM
approach in teaching is very effective (Sinelnikov, 2020), since it is a very wide
range of tools, including a set of actions, approaches, practices and techniques that
are focused on ensuring that society and the individual are ready for the future.
International studies reveal problems with the natural science literacy of students,
which is understood as the ability to apply the acquired knowledge in real life
situations. In-depth STEM training of motivated students to give them the opportunity
to succeed in science and technology, enter the technology sector and succeed:

-Motivation for engineering and technical specialties and a career in science and
technology

-Access to laboratories where experiments are conducted and industrial tasks are
solved for experience and practice

-Absence of barriers limiting career and professional growth

-In-depth knowledge in the field of science, engineering, technology.

The study of STEM subjects is based on the analysis of the problems and challenges
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of the modern world. Work with problems is carried out within the framework of the
creation of project groups and teams.

Materials and methods.

The study of the problem is based on the involvement of a wide range of sources
in scientific circulation. Data on the creation and organization of hydroponic devices,
textbooks of school courses of subjects “Natural Science” for grades 1-6, “Biology”
for grades 7-11, “Chemistry” for grades 7-11 and “Physics” for grades 7-11 allow
us to comprehensively, fully and comprehensively investigate the most important
aspects of the possibility of using hydroponic systems in school project activities in
STEM- education. In the method of school projects, more emphasis is placed on the
development of the student’s general capabilities than on the ability to solve practical
problems. Specialized school research projects on hydroponic installations will form
a professional view of agronomy, robotics and automation, modern biotechnologies
and much more, develop practical skills in programming, modeling, maintenance of
agricultural complexes.

Results and discussion

The use of STEM technology will allow you to transfer the educational process
to another basis (Salahub, 2020): from observation to hypothesis and experiment,
from studying individual subjects to studying phenomena, from acquiring abstract
knowledge to solving real-life problems. STEM is defined as an educational method
based on the natural connection of four disciplines, and identifies the three key
principles of this method: applying nature to real-world problems; learning through
problem-solving and critical thinking; when studying individual subjects such
as computer science, biology, ecology, and technology, students do not form an
overall picture of the world: the same phenomenon is studied in different subjects
as different. The use of STEM technology allows you to integrate disciplines and
research phenomena in a complex.

One of the basic attitudes of STEM learning, which is still the most methodical,
complex and important today, is the development of student practice and research
methods. Experts point out that mastering the research method itself and gaining such
experience may be more important than the specific knowledge gained as a result.
The second important setting is to master the project, that is, to create a new response
task. Within the framework of this installation, students learn to find solutions to
specific problems and create prototypes for new mechanisms, technologies, and
procedures. Science and STEM subjects are related to real-life problems or situations.
The basis of training is a project where students observe, identify problems and
find solutions independently and with their peers. The structure of school children’s
projects and research activities includes a large number of different processes, from
raising questions, comprehensive data retrieval to finally presenting results. At the
same time, a prerequisite is the teamwork of students.

The technique of growing plants without soil provides a huge opportunity to
acquire practical skills. One of the technologies is hydroponics. In turn, hydroponics
and unfounded planting can be a panacea for the problems of the modermn world-
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global warming, malnutrition, new diseases, rising food prices, the use of genetically
modified products, lack of clean drinking water, soil depletion.

The active hydroponic device is equipped with a mechanical device (pump)
to ensure a constant necessary circulation of nutrient solution (Mohd Salim Mir,
2022). There is also a forced aeration system, that is, the root system is saturated
with oxygen. An illustrative example of an active hydroponic device is a structure
operated based on pneumatic principles.

In a passive hydroponic device, the nutrient solution is supplied to the roots and
surface parts of the plant only due to the capillary force of the culture itself, in
this case it is not subject to any mechanical action. A good example of a passive
hydroponic device can be considered a system that operates on the principle of
periodic flooding of matrix crops.

The nutrient solution contains all the chemical elements needed by plants. Because
the roots are easy to contact with all substances, it spends less life energy looking
for water and nutrients, which has a positive impact on the development and growth
rate of its above-ground parts. This allows gardeners to get a rich harvest in a shorter
period of time. The absence of soil also allows you to strictly control the amount of
nutrients obtained by plants, and in case of excess, quickly change the solution. Such
an environment is completely sterile, which eliminates the appearance of fungi and
pests.

Hydroponic methods allow you to grow plants without fertilization, fertilization,
watering and soil filling. The fact is that land is rapidly depleting, leading to soil
diseases and therefore having a negative impact on plant development.

The hydroponic system consists of a container of porous material with a solid
consistency (Nguyen, 2016). It can be gravel or expanded clay. Then put the
container in a pot with the nutrient mixture. Thanks to this solution, bean sprouts
receive all vitamins from water, which previously absorbed the necessary elements
from the mixture. This technology provides appropriate levels of carbon dioxide,
oxygen, humidity and temperature. The system is a connection of plastic pipes, with
automatic watering and built-in lighting, allowing you to observe how plants grow
from seeds. The irrigation system has automatic control, can work continuously, and
is not limited by weather events. The system also has fans required for pollination.
This will promote air circulation and air temperature balance, helping plants grow
perfectly. Automation systems are used to control the water environment for acid-
base environment and salinity.

The hydroponic system as a teaching technology can be used in the study of a
number of school subjects: computer science, biology, chemistry, physics, natural
science, mathematics, and art work.

First of all, in order to build the design of a hydroponic installation, creative data
is needed on the selection of necessary products, the ability to work with tools for
connecting plastic pipes, connecting to a pump, etc.

In the manufacture of the structure, it is necessary to calculate the length, height
of the structure, the number of holes for pots, when connected to the pump, etc.
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Therefore, knowledge of mathematics is essential when working with a hydroponic
structure.

The research strategy is to identify the dominant plants that can grow under
hydroponic conditions, analyze and compare soil and unfounded vegetation planting
methods.

As for the results, they can be determined by the difference in the size of the leaves,
the weight of the plant, or the total height of the plant. In addition, it is possible to
analyze quantitative aspects, which may include the taste, smell or appearance of
experimental plants.

Such experiments can provide students with many learning opportunities. Among
them:

-Develop scientific research skills

-Improve the writing of scientific reports

-Cultivate team spirit and spirit of cooperation

-The impact on all stages of the plant life cycle.

Another experiment may require sensory evaluation of plants under various
growth conditions, which will increase students’ ability to use their senses for
successful scientific research.

If you think about it carefully, a completely new world of experiments with smart
hydroponic equipment opens up, which gives timely promotion of STEM education.

The following are school subjects and topics on which knowledge of the use
of a hydroponic device can be used as a STEM of education. As the first subject,
consider the subject “Natural Science” (Kucherbaeva, 2021; Boltushenko, 2017;
Kucherbaeva, 2018; Bigazina, 2019; Verkhovtseva, 2019). Most of the topics in all
courses of the study of “Natural Science” from 1st to 6th grades (Table 1) related
to the growth and development of plants, plant parts such as leaves, stem and roots,
flowers and seeds, as well as methods of water purification can be considered on
the example of a hydroponic installation, where all plant organs can be seen in full
and to investigate as they study their growth in the care of plants sprouting on this
installation. This will be the basis for conducting research work in the 5th and 6th
grade.

Table 1. List of topics in the course of studying the school course “Natural Science”, which can be
studied as STEM-learning using a hydroponic device

Ne Topic Class

What are the plants 1

Plant Parts

Conditions necessary for plants to live

Wild and cultivated plants. Care of indoor and cultivated plants

What are the secrets of plants?

How plants live

N N N = =] =

What we know about water
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How Plant leaves work

How plants are adapted to living conditions

Methods of water purification

What stages of development do plants have

Why does a plant need flowers

How seeds are formed

How plants develop

What water dissolves

How is water polluted

How to formulate a research question and make a plan

What helps to conduct research

How to analyze the information obtained during the research correctly

What are solutions for?

Objects of natural sciences research

How to classify all substances into organic and inorganic

How to identify a particular type of plant or animal

AN N ||| | | | BB W W W

In the course of studying Biology in grades 7-11 (Ochkur, 2017; Solovyova, 2018;
Asanov, 2019; Abylaykhanova, 2018) with the help of a hydroponic installation
(Table 2), students will gain knowledge and skills on the biological significance
of the necessary substances and chemical elements for the growth, development
and physiological processes of plants, as well as changes in plant structure under
growing conditions on hydroponic devices with the study of the role of water and
water potential for the transportation of essential nutrients of plant communities.
In the course of studying biology, students will be able to conduct research on a
scientific basis on the role of various types of macro and microelements for the
growth of various types of green and vegetable crops.

Table 2. List of topics in the course of studying the school course “Biology”, which can be studied
as STEM-learning using a hydroponic device

Ne Topic Class

The importance of water for living organisms 7
The role of micro- and macroelements in the vital activity of organisms 7
Deficiency of macronutrients — nitrogen, potassium and phosphorus in 7
mineral fertilizers

The importance of nutrient transport in living organisms 7
Organs involved in the transport of substances in plants 7
The internal structure of the stem and root 7
The relationship of the structure of the root and stem with their functions 7
Structure and functions of the sheet 7
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Necessary conditions for the photosynthesis process 7
Plant respiration 7
Features of isolation in the plant 7
Photoperiodism in plants 7
Biological significance of sexual and asexual reproduction of plants

Methods of vegetative reproduction in plants 7
Processes of elongation and thickening of plants 7
Distinctive features of plant departments 8
Bisexual and dicotyledonous plants 8
Comparison of aquatic and terrestrial ecosystems 8
Adaptation of living organisms to environmental conditions 8
Regulators of plant growth and development 9
The importance of water for life on Earth 10
The effect of the ratio of surface area to volume on the diffusion rate 10
Mechanism of passive and active transport 10
Modern technologies in agriculture 10
Water potential 11
Cultivating substances 11
The effect of producing substances on plants 11

Most of the topics in all Chemistry courses from grades 7 to 11 (Usmanova,
2018; Usmanova, 2019; Ospanova, 2019) include the study of substances and their
properties, natural acids and alkalis that change the acidity and alkalinity of the aquatic
environment, as well as their interactions with various elements to form salts, as
well as minerals, including basic nutrients like nitrogen, phosphorus and potassium
related to the growth and development of plants can be easily demonstrated on a

hydroponic installation (Table 3).

Table 3. List of topics in the course of studying the school course “Chemistry”, which can be

studied as STEM-learning using a hydroponic device

Ne

Topic

Class

The Subject Of Chemistry. Substances and their properties

7

Natural acids and alkalis. Indicators

7

The process of breathing

7

Ion formation

The law of conservation of mass of substances

Chemical reactions in nature and vital activity of living
organisms

Reactions of metals with oxygen and water
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Interaction of metals with acids 5. 8
Interaction of metals with salt solutions 6. 8
The amount of substance. Mole. Avagadro Number 7. 8
Oxygen 8. 8
Solutions 9. 8
Methods of expressing the concentration of solutions 10. 8
Acids I1. 8
Properties of acids and their application 12. 8
Grounds 13. 8
Properties of bases 14. 8
Salts 15. 8
Properties of salts 16. 8
Water in nature 17. 8
Water hardness. Causes of water pollution 18. 8
Hydrolysis of salts 19. 9
Qualitative reactions to cations 20. 9
Qualitative reactions to anions 21. 9
Elements of group 15 (VA). Nitrogen 22. 9
Nitric acid 23. 9
Specific properties of nitric acid and nitrates 24, 9
Phosphorus 25. 9
Orthophoric acid. Phosphoric acid salts 26. 9
Mineral fertilizers 217. 9
Biological role of metals and nonmetals in living organisms 28. 10
Water hardness and methods of its removal 29. 10
12 principles of green chemistry 30. 10
Biologically important elements 31 11
The ionic product of water. The hydrogen index 32. 11
Calculation models depending on the pH of the medium 33. 11

Unlike other subjects in the “Physics” course (Krongart, 2017; Krongart, 2018;
Kazakhbaeva, 2019), the main topics that can be studied when using a hydroponic
device are related to studies on communicating vessels, properties of liquid media
and electric current (Table 4). In a hydroponic device, nutrients to the roots of plants
come from a common tank through pumps, so the knowledge of electric current can
be practically applied when creating the device itself. In addition, all cations and
anions of nutrients can lead to an increase in the content of soluble solids or total
salinity. The measurement of salinity is carried out with a TDS meter. The principle
of operation of the TDS meter is based on the direct dependence of the electrical
conductivity of the solution on the amount of substances dissolved in water. As a
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result, knowledge of the potential and conductors of the electric field can be practiced
in hydroponics.

Table 4. List of topics in the course of studying the school course “Physics”, which can be studied
as STEM-learning using a hydroponic device

Ne Topic Class
Scientific methods of studying nature 34, 7
The movement of molecules. Diffusion. Brownian motion 35. 7
Mass and mass measurement of bodies 36. 7
Communicating vessels 37. 7
Electric current, electric current sources 38. 8
Electric heating devices, incandescent lamp, short circuit, fuses 39. 8
Chemical action of electric current, Faraday's law 40. 8
Saturated and unsaturated steam. Air humidity 41. 10
Properties of the surface layer of the liquid 42. 10
Wetting. Capillary phenomena 43. 10
Electric field. The intensity of the electric field. Electric field 44. 10
lines of force
Electric field potential 45. 10
Conductors in an electric field 46. 10

The use of hydroponic installations in school project activities allows you to
explore a variety of subject areas. Therefore, hydroponics as an element of STEM
education contributes to: overcome the isolation inherent in traditional education
from solving practical problems and build connections between several disciplines
that are understandable to students.

It will unite students into groups for joint solving of educational tasks. Working
in a team on a project, they gain experience that is as close as possible to their future
profession.

Key academic disciplines are selected to train a specialist in applied scientific
research. These are modern technologies, engineering disciplines and subjects of the
natural science cycle — natural science, biology, chemistry and physics.

Conclusion.

The use of hydroponic installations in school project activities will help students
not only in learning, but also in adult life. The general skills of project activities and
specific ways of working with modern agricultural complexes will give the student
the opportunity to analyze physical and biochemical phenomena and processes,
establish a link between natural science disciplines, compare previously studied
with new knowledge and use them to solve practical problems. The basic agronomic
competencies laid down by school projects on hydroponic systems will help students
professionally engage in city farming on a small or industrial scale.
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The results and effects of using the method will lead to in-depth assimilation
of educational material in many subjects due to the connections of theory and
practice, variable ways of obtaining and reproducing knowledge, generalization and
systematization of material, which will increase not only motivation and quality of
education, but will develop curiosity, independence, craving for new knowledge, the
ability to adapt
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