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Abstract. Introduction. Due to the acute shortage of IT specialists, programmers, spe-
cialists for engineering and high-tech industries, STEM education is becoming a funda-
mental integrative basis for training specialists in the field of high technologies. Digitali-
zation and the search for ways to intensify STEM education require further consideration
and empirical research based study. The purpose of the study is to identify the interest of
schoolchildren in STEM disciplines, to study the factors and features of their teaching in
general education organizations in Russia and the Republic of Kazakhstan, to identify
ways to solve the problem of STEM education digitalization for further development of
senior schoolchildren motivation to professional self-determination and education in the
scientific and technical field of activity. Materials and methods. In accordance with the
problematic, integrative and multidisciplinary approaches, in order to develop analytical
thinking and technical abilities of students, questionnaires for target groups were elabo-
rated and used in the study: the questionnaire for students of general education organiza-
tions; the questionnaire for teachers of STEM disciplines. 952 Russian schoolchildren
and 166 STEM teachers from the cities of Rostov-on-Don, VVolgodonsk (Rostov region),
Belgorod (Belgorod region) and Kaliningrad (Kaliningrad region), as well as 200 school-
children and 306 teachers from 20 localities of the Republic of Kazakhstan took part in
the survey. Results. The majority of respondents (72%) are satisfied with the teaching of
STEM subjects, 62% consider them interesting. It was revealed that the factors that neg-
atively affect the motivation of schoolchildren to study STEM disciplines include insuf-
ficient use of ICT, the lack of modern educational and methodological support. The fac-
tors that negatively affect the quality of training of students in STEM disciplines include
a weak level of formation of professional competencies in the subject, psychological,
pedagogical, methodological and technological training of STEM teachers, the lack of
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effective interaction of educational organizations and industrial partners in the introduc-
tion of STEM disciplines, insufficient level of professional motivation of teachers and
lectors. Ways to solve the problem of digitalization of STEM education are to create
STEM centers that provide educational and consulting services to teachers of STEM dis-
ciplines, tutors, students and schoolchildren, in the use of digital laboratories in STEM
disciplines.
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AnHoTanus. Beeoenue. Benenctaue octpoit HepoctarouHoctu I T-crienuanuctos, mpo-
IPaMMHUCTOB, CIIELUAINCTOB AJI1 NHXXEHEPHBIX U BBICOKOTEXHOJIOTHYHBIX ITPOU3BOJICTB
STEM-o6pa3oBanne cTaHOBUTCS (PyHIaMEHTAIBbHON MHTETPATHBHON OCHOBOM JIJIS TIOA-
TOTOBKH CHELMAINCTOB B chepe BbICOKUX TexHOonorui. [{uppoBusanus u nouck myrei
unteHcudukanuu STEM-o6pa3oBanus TpeOyIOT JadbHEHIIIETO PACCMOTPEHHS U U3yUe-
HUS HAa OCHOBE SMIIMPUYECKHUX HccienoBaHui. Llenpro nccnenoBanus sSBISETCS BbIABIIE-
HUE 3aMHTEPECOBAHHOCTH LIKOJIbHUKOB K STEM-nucnuruinaaMm, usyuenue GpakTopos u
0coOeHHOCTeH UX mpernojaBaHus B 00111e00pa3oBaTeNbHbIX opranusanusx Poccuu u Pec-
nyOnuku Kaszaxcran, BlsiBIeHHE MyTel pereHus npoodaemsl nudposuzanun STEM-00-
pa3oBaHus M JalbHEHIIero pa3BUTHs MOTHBALIMU CTApIIUX MIKOJIBHUKOB K Ipodeccu-
OHAJILHOMY CaMOOIIPENIETICHUI0 U MOJyYeHHI0 00pa30BaHMsS B HAyYHO-TEXHMUYECKOM
chepe nesTenbHOCTH. Mamepuansl u memoosi. B cOOTBETCTBUU ¢ MPOOIEMHBIM, HHTE-
IPaTUBHBIM U MHOTONIPO(UIIBLHBIM MOAX0AAMHU B LIETISAX Pa3BUTHS aHATUTUYECKOTO MBIII-
JICHUS U TEXHUYECKHUX CIIOCOOHOCTEH oOydaroumxcsi ObUIM pa3paboTaHbl M MCIIOJIB30-
BaHbl B UCCJIEIOBAaHUM aHKETHI JIJISl LEJIEBBIX TPYII: aHKETUPOBaHUE 00ydaroumxcs 00-
meo0pa3oBaTeNIbHBIX OpraHu3anuii; ankera 1yt yuuteneit STEM-auciumus. B onpoce
MPUHSIM ydacTue 952 poccuiickux mKoJbHUKA U 166 yuuteneir STEM u3 roponos Po-
ctoB-Ha-J[ony, Bonrogonck (PocroBckas o6macte), benropon (benropoackas o6macts)
u Kanununrpaz (Kanuaunrpaackas o6aacts), a Takxke 200 mkoabsHUKOB 1 306 yuuTtenei
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u3 20 HacesneHHbIX TyHKTOB PecnyOnuku Kazaxcran. Pesynsmamul. BonbImMHCTBO pe-
cnioH1eHToB (72%) noBosbHbI IpenogaBanueM STEM-mipeiMeToB, CUUTAIOT KX HHTEPEC-
HeIMU (62%). BoIsBieHO, YTO K (akTOpaMm, HETaTHBHO BIMAIOIIMM Ha MOTHBAIIHMIO
HIKOJIbHUKOB K H3y4yeHHo STEM-IuciumuivH, OTHOCSTCS HEAOCTaTOYHOE MCIOJIb30Ba-
aue VKT, oTcyTcTBHE COBpeMEHHOr0 y4eOHO-MeToanueckoro obecrnedenus. K ¢axro-
pam, HETaTUBHO BJIMSIOIIMM Ha KaueCTBO MOJAroTOoBKU oOydaromuxcs no STEM-aucuu-
IUTMHAM, OTHOCATCS cJa0blii ypOBEHb CPOPMHUPOBAHHOCTH MPO(HECCHOHAIBHBIX KOMIIE-
TEHIUI 10 MPEAMETY, IICUXO0JIOT0-TeIarOrM4ecKoi, METOJUYECKON U TEXHOJIOTHUeCKON
noarotroBku STEM-niegaroros, orcyTcTBre 3(pGEKTUBHOTO B3aMMOACHCTBHSI 00pa3oBa-
TEJIbHBIX OpraHU3alli ¥ TPOMBIILICHHBIX TapTHEPOB BO BHeApeHUue STEM-nuciuriimy,
HEI0CTaTOYHBIN YPOBEHb MPO(GECCHOHATFHON MOTHBALIMY YUUTEIIEH U MTPETo1aBaTeleH.
[Tyt pemenus npoosemsl nudposuzanun STEM-00pa3oBaHus 3aKIHOYAIOTCS B CO3/1a-
Huu STEM-1eHTpOB, OKa3bIBAIOIINX 00pa30BaTEIIbHO-KOHCYIBTAIIMOHHBIC YCITYTH TIpe-
nonasaresiMm STEM-naucuuiuing, ThloTopaM, CTyACHTaM U IIKOJIbHUKAM, B HCIIOJIb30Ba-
HUM OU(PPOBBIX J1JAOOpAaTOPHil HAa Y4eOHBIX 3aHATHUSAX 0 qucuuIumHam STEM.,
Kutouesbie ciioBa: STEM-o6pazoBanue; STEM-aucuumnunsr; STEM-o6opynoBanue;
STEM-uentpsr; STEM-nmdpossie maboparopuu

Nudopmauns nas uutuposanus: Kopmakosa B.H., Uepnsasckux C.J., Tpukyna JL.H.,
Carnep O.H. LHudposuzanust B8 STEM-00pazoBaHuu: OMBIT SMIIUPUIECCKOTO UCCIICIOBA-
Hus // Hayunslii pesynbrar. [legaroruka u ncuxonorus obpazoBanus. 2023. T.9. Nel.

C. 3-13. DOI: 10.18413/2313-8971-2023-9-1-0-01.

Introduction. The abbreviation STEM
appeared relatively recently. STEM education
(Science, Technology, Engineering and Math) is
a process that integrates the study of natural sci-
ences, engineering, technology and mathemat-
ics, and corresponds to the term ‘“natural and
technical education” established in the Russian
lexicon (Godunova & Ramazanov, 2021).
STEM education is a modern learning system
that, unlike traditional learning, is a mixed/inte-
grative environment that allows you to demon-
strate in practice the application of scientific
methods in everyday life. As part of STEM edu-
cation, students can study robotics, program-
ming and other disciplines simultaneously with
mathematics and physics (Morozova & Duxa-
nina, 2019). In the USA and Canada, the STEM
approach is characterized as combining meth-
ods, knowledge and tools of various disciplines
into one block when solving practical and pro-
ject tasks. For educational systems, the STEM
approach is seen as a request of the state and

L STEM Integration in K-12 Education: Status, Prospects, and an
Agenda for Research. (2014), Washington, DC: The National
Academies Press, available at: https://doi.org/10.17226/18612.

high-tech corporations to strengthen natural sci-
ence, mathematics, engineering and technology
education, attract talented young people to pri-
ority sectors of the economy, as well as to in-
crease scientific and technological literacy of the
population as a whole. STEM education is espe-
cially relevant in those countries where high
technologies are developing (Obukhov &
Lovyagin, 2020).

The first studies of the introduction of
STEM education confirm its advantages, for ex-
ample, the development of students’ interest in
technical disciplines in organizations of pre-
school, secondary general, secondary profes-
sional, higher and additional education; im-
provement of critical thinking skills: students
learn to solve non-standard tasks by testing and
conducting experiments, which allows them to
prepare for adulthood, to solve non-standard
tasks; development of communication skills:
children spend most of their time together mod-
eling, designing, learning to discuss*?.

2 STEM approach in education: ideas/methods/practice/ pro-
spects (2018), Minsk, available at: http://edudfuture.by/stor-
age/app/media/camp/stem-podkhod-v-obrazovaniiprint.pdf.
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The problem of STEM education is cur-
rently being actualized due to the loss of stu-
dents' interest in mathematical, engineering and
natural science disciplines. This can be ex-
plained by the objective difficulty of mastering
the necessary competencies and the insufficient
number of hours in the curriculum for their
study. In most general education organizations,
especially in rural schools, there is no necessary
modern equipment, which makes it difficult to
solve practical problems, apply theoretical
knowledge in practice®. In general education or-
ganizations, much attention is paid to teaching
schoolchildren project activities, the implemen-
tation of research projects. However, in a num-
ber of schools, this activity has not yet received
sufficient development. As a result, students
lack the skills to creatively apply the studied the-
oretical material. In some schools, interdiscipli-
nary connections are not used enough in the im-
plementation of research projects. All this con-
firms the relevance and necessity of introducing
STEM education. The identified problems are of
an interstate nature, which is confirmed by inter-
national studies (PISA, TIMSS, etc.), which re-
vealed problems of mathematical, engineering,
and natural science literacy of schoolchildren
from different countries, lack of skills to apply
their knowledge in various life situations
(Kormakova et al, 2021b).

State documents fix the requirements for
the training of highly qualified, competent spe-
cialists for the digital economy of Russia, in var-
ious areas of education, primarily in the field of
natural sciences and in the field of high technol-
ogies*. The state standards of Russian education
inevitably require the introduction of modern
technologies in the educational process. Solving
the problem of shortage of engineering person-
nel (IT specialists, engineers, programmers,
etc.) increases the relevance of the introduction
of STEM in Russian education (Kormakova et
al, 2021a). One of the main advantages of STEM
education is the integrative nature of the educa-
tional process, a practice-oriented approach to

3 The Science of Effective Mentorship in STEMM (2019), Na-
tional Academies of Sciences, Engineering, and Medicine.
Washington, DC: The National Academies Press, available at:
https://doi.org/10.17226/25568.

learning and a strong professional orientation of
schoolchildren (Vezirov et al, 2020). In this re-
gard, the introduction of the STEM approach in
the process of teaching students is becoming a
priority direction of the state educational policy.
The introduction of this approach into the edu-
cation system contributes to meeting the needs
of society for scientific and engineering person-
nel, the development of technological processes,
the modernization of bio- and nanotechnology
(Pankratova et al, 2020). The formation of stu-
dents’ interest in STEM disciplines will allow
students to develop critical thinking and com-
munication skills.

Based on the above, the problem of devel-
oping STEM teacher training programs is actu-
alized. For example, Belgorod State National
Research University (Russia, NRU “BelSU”)
has developed a STEM teacher training pro-
gram. This was made possible thanks to the par-
ticipation of the National Research University
“BelSU” in the implementation of the project
“Integrated approach to the training of STEM
teachers” of the European Union program “Eras-
mus+”. The project was being implemented
(15.01.2019 - 14.09.2022) in a consortium of 10
partner universities: Linkoping University
(Sweden) as coordinator; Limerick University
(Ireland); Hasettepe University (Turkey); Hel-
sinki University (Finland); Southern Federal
University as co-coordinator; Belgorod State
National Research University; I. Kant Baltic
Federal University; L.N. Gumilyov (Kazakh-
stan); M. Auezov South Kazakhstan State Uni-
versity (Kazakhstan); S.S. East Kazakhstan
State University. Amanzholova (Kazakhstan)
(Trikula et al, 2020).

Recognizing the theoretical and scientific-
practical significance of the conducted research,
we note that at present the problems of STEM
education have not been sufficiently studied.
Digitalization of STEM education and the
search for ways to intensify it based on empirical
research requires further consideration and
study.

4 Modern Digital Educational Environment in the Russian Fed-
eration: Federal Project (2019-2022). Access Mode:
https://edu.gov.ru/national-project/projects/cos/.
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The purpose of the study: to identify the
interest of schoolchildren in STEM disciplines,
to study the factors and features of their teaching
in general education organizations in Russia and
the Republic of Kazakhstan, to identify ways to
solve the problem of digitalization of STEM ed-
ucation for further development of motivation of
senior schoolchildren to professional self-deter-
mination and education in the scientific and
technical field of activity.

Research Results and Discussion. As a
result of a study conducted to identify the inter-
est of schoolchildren (Russia, Kazakhstan) in
STEM disciplines, it was found that the majority
of respondents (72%) are satisfied with the
teaching of STEM subjects, and 62% consider
STEM subjects interesting (43% of them find
them somewhat interesting and only 19% very
interesting). A survey of respondents on satis-
faction with the use of ICT, software and Inter-
net resources when mastering STEM subjects
showed that 66% of respondents are satisfied
with their use (the level of use is called suffi-
cient), but only 35% noted that equipment and
software are used regularly. 28% of respondents
stated that teachers rarely or never use ICT and
special software in the classroom. 26% of re-
spondents admitted that their school lacks mod-
ern equipment, ICT, laboratories, as well as

equipment for studying STEM disciplines. The
majority of schoolchildren (73%) noted that
classes in their school in STEM disciplines are
conducted exclusively in a theoretical form us-
ing textbooks, and only 38% of respondents per-
form laboratory work using the necessary equip-
ment for this. Less than 20% of these students
develop individual or group projects; only 10%
of respondents stated that they study real cases
and take part in interdisciplinary projects. An
analysis of the responses of students of Russian
and Kazakh schools showed that they mostly
choose traditional, rather than the latest STEM
disciplines, since an interdisciplinary approach
to teaching STEM disciplines has not yet been
introduced in schools, which actualizes the need
for teacher training in this area.

Analysis of extracurricular STEM activi-
ties of Russian schoolchildren showed that 450
respondents are interested in mathematics, 175 —
in biology, 172 — in chemistry, 171 — in physics,
143 — in computer science. At the same time,
286 respondents out of their total number are in-
terested in extracurricular activities in geogra-
phy, ecology, 3D modeling, robotics and engi-
neering. The analysis of the results confirmed
the need to promote extracurricular educational
programs within STEM disciplines (Table 1).

Table 1
Results of diagnostics of interest of Russian and Kazakh schoolchildren in STEM disciplines
Tabmuna 1
Pe3y.]'ll)TaTbI AUArHOCTUKHU MHTEPECA pOCCHﬁCKI/IX U Ka3aXCKHUX CTYJACHTOB
Kk aucoumianaam STEM
Discipline : Number of students, %
Russia Kazakhstan

Mathematics 47 27
Biology 18 19
Chemistry 18 19
Physics 18 23
Computer science 15 22
Geography and ecology 7 19
3D modeling 8 19
Robotics 8 38
Engineering and Technology 7 22
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The study of the attitude of schoolchildren
to STEM education in the Republic of Kazakh-
stan also showed that the greatest interest of re-
spondents in additional professions and leisure
centers is manifested mainly in the following
disciplines: mathematics — 54 people. out of the
total number of subjects, physics — 46, technol-
ogy — 44, computer science — 44, biology and
robotics — 38, chemistry — 37, design and 3D
modeling — 36 respondents.

According to the results of a survey of
Russian teachers of STEM disciplines, the main
factors negatively affecting the educational mo-
tivation of schoolchildren and the quality of

teaching the above-mentioned disciplines are
the following: insufficient use of ICT (74 people
out of 166 respondents), lack of laboratory
equipment (55 people), modern scientific and
methodological support (64 people), as well as
difficulties in mastering professions related to
the study of STEM disciplines (44 people).
Teachers also noted the insufficient level of so-
cial partnership: the lack of effective networking
and cooperation of educational organizations,
business and industrial enterprises in the imple-
mentation of STEM disciplines, as well as insuf-
ficient professional motivation of teachers
(28 respondents) (Table 2).

Table 2
Factors of negative influence on the educational motivation of schoolchildren
to study STEM disciplines
Tabmuma 2
DaKkTOPbI HETATUBHOIO BJAMSIHUS HA Y4eOHYI0 MOTHBAIUIO CTYIEHTOB
K u3yueHuio qucuumiud STEM
Number of respondents
Factors (STEM teachers), in %
Russia Kazakhstan
Lack of ICT 45 52
Lack of laboratory equipment 33 44
Lack of modern scientific and methodological sup- 39 47
port
Difficulty in mastering professions related to STEM 27 29
disciplines
Lack of motivation of teachers to master the meth- 17 27
ods of studying STEM disciplines

Respondents from the Republic of Ka-
zakhstan noted that the main factors negatively
affecting the educational motivation and quality
of students’ training in STEM disciplines are the
insufficient number of modern educational and
methodological support (144 respondents), spe-
cialized educational and laboratory equipment
(135), low level of ICT knowledge (159 re-
spondents) (Table 2). The respondents attributed
the following factors to the disadvantages of the
teaching methodology: a weak level of for-
mation of professional competencies in the sub-
ject, psychological, pedagogical, methodologi-
cal and technological training of STEM teach-
ers, the lack of effective interaction of educa-

tional organizations, industrial partners in the in-
troduction of STEM disciplines, as well as an in-
sufficient level of professional motivation of
teachers. In order to increase competence in
STEM education, a methodological seminar
(March 2019) on STEM practices was organized
for the project participants at the University of
Linkoping (Sweden). In order to study the best
practices in the development of educational pro-
grams, the project participants attended a meth-
odological seminar (July 2019) at the University
of Limerick (lreland). The seminar discussed
STEM programs implemented at partner univer-
sities, considered the possibilities of applying
European experience in the training of STEM
specialists, searched for points of interaction and
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growth of project participants in the develop-
ment of master's STEM programs. The project
participants visited (October 2019) the Univer-
sity of Helsinki (Finland). Examples of the best

STEM practices used in school and higher edu-
cation were shown there, master classes were
held for teachers participating in the project,
where teachers as students took part in labora-
tory classes (Fig. 1).

Puc. 1 Ha npaktuyeckux 3aHATUsIX B Y HUBEpcUTeTE XeIbCUHKU, OUHIIAHINA
Fig. 1 At practical classes at the University of Helsinki, Finland

Following the results of international
meetings and pedagogical seminars, the project
participants implemented activities that contrib-
ute to the development of interest in STEM ed-
ucation. The general concept of the master's pro-
gram “STEM Teacher Training” for students of
the “Pedagogical Education” training direction,
including a module in English, has been devel-
oped. This provided students with academic mo-
bility at partner universities that are members of
the consortium, allowed them to better under-
stand current global trends and achievements in
science and technology, develop communica-

tion skills, and increase involvement in interna-
tional educational activities. All this necessarily
contributes to improving the level of training of
teachers of the new format who are able to inter-
est students in STEM disciplines (Chernyavsky
et al, 2021).

Within the framework of the consortium,
STEM centers have been created in partner uni-
versities that provide educational and consulting
services to STEM teachers, tutors, students and
schoolchildren. In order to implement high-
quality STEM education, the material and tech-
nical base in the centers has been significantly
updated (Fig. 2).

Puc. 2 Yuebnrnie 3anatust B STEM-tieatpe HUY «benl'V, Poccust
Fig. 2 Training sessions at the STEM-center of the NRU “BelSU”, Russia
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The updated material and technical base
(laboratories of biology, chemistry, physics, ro-
botics were equipped within the framework of
the project) made it possible to conduct classes
with students and schoolchildren at a high scien-
tific and methodological level, to carry out de-
sign and research work.

Digital laboratories, which play a special
role in the context of advanced pedagogical edu-
cation, have become an innovative component of
the classrooms-laboratories. The digital labora-
tory is a new generation of school scientific la-
boratories designed for conducting frontal and
demonstration experiments, organizing educa-
tional research and research practices. The use of
digital laboratories allows you to get an idea in
related fields of education: information technol-
ogy, modern scientific and laboratory equipment,
mathematical functions, statistical and mathe-
matical processing of experimental data, approx-
imate calculations; research methodology, prepa-
ration of reports, presentation of the work done.

The use of digital laboratories in the study
of STEM disciplines allows you to conduct la-
boratory and practical work in the classroom, in
extracurricular activities, as well as perform var-
ious studies. Such laboratories contain the nec-
essary modern equipment and software that
meets the state educational standards of all lev-
els of education. The digital laboratory has the
following equipment: a data logger that allows
recording and analyzing experimental data; a
computer with software for managing the log-
ger; sensors for measuring physical quantities,
coupled with a computer. For example, the fol-
lowing sensors are included in the complete set
of digital laboratories of physiology, chemistry
and ecology: digital pulse sensor; digital ECG
sensor; digital pH sensor; digital temperature
sensor; digital humidity sensor; digital respira-
tory rate sensor; digital light sensor and others.
A methodical manual is attached to each set of
equipment. Each sensor has a technical passport.
Belgorod State National Research University
(Russia) uses digital laboratories in biology,
chemistry, physics, ecology, physiology, robot-
ics in the process of studying STEM disciplines
by students — future teachers and students of
grades 6-11 of the NRU “BelSU” School: mod-

ules “Smart Home”, “Management of an elec-
tronic system through a browser”, “Management
in the Ardroid environment” and others.

With the help of each digital laboratory,
up to 240 laboratory works can be performed
qualitatively. For example, laboratory work, the
purpose of which is to determine the differences
in the acidity of common beverages using a dig-
ital laboratory, is performed while studying the
topic “Enzymes” (Chemistry lessons, 10th
grade). At the beginning of the laboratory work,
the knowledge of the theoretical material is
checked. Students should know: the pH value
depending on the type of medium (neutral, alka-
line, acidic), methods for determining pH, the
value of the acidity of the medium for the possi-
bility of various chemical processes, be able to
determine the hydrogen index. In this laboratory
work, an acidity sensor (pH meter) is used,
which is designed to measure the hydrogen in-
dex in aqueous solutions in conventional units
representing the decimal logarithm module. The
pH measurement is in the range from 0 to 14.
The operating temperature is in the range from
10 to 80 °C. The length of the measuring elec-
trode is 140 mm. When performing the labora-
tory work “Determining the dependence of the
pulse on physical activity”, a pulse sensor was
used. The electronic heart rate monitor is de-
signed for continuous measurement of the fre-
quency and shape of pulse oscillations in hu-
mans. It can be used to register a photoplethys-
mogram (FPG). The principle of operation of the
sensor is based on the registration of the inten-
sity of light passing through biological tissues
(earlobe, finger nail phalanx). Depending on the
blood supply of the vascular bed, the light per-
meability of the biological tissue changes, which
makes it possible to register a pulse wave and
evaluate its characteristics. The pulse rate is de-
termined by the peaks of the pulse wave. Here a
remote clamp is used, which is put on the finger
of the subject. The pulse rate measurement range
is from 0 to 250 beats/min. Technological fea-
tures: it is necessary to control the correctness of
putting on the clip, since when it is put on very
deeply, it can squeeze small blood vessels of the
finger, which reduces the accuracy of measure-
ments (Fig. 3).
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Puc. 3 Beimonnenue 3aaanuii B iupoBeix madoparopusx STEM-neHTpa
HINY «beal'V», Poccus
Fig. 3 Performing tasks in the digital laboratories of the STEM Center
of the NRU “BelSU”, Russia

Thus, the use of a digital laboratory makes
it possible to obtain objective data on the pro-
cesses and phenomena under consideration, the
properties of objects and substances. The equip-
ment facilitates the collection and processing of
experimental indicators, makes it possible to

quantify the measured value regardless of the
subjective assessment of the researcher. As a re-
sult, students can independently identify pat-
terns, summarize the results and draw conclu-
sions at the end of the research work (Fig. 4).

Puc. 4 Ucnonbs3zoBanue udpoBbIx JabopaTopuil B STEM-knaccax (HY «benl'V», Poccust)
Fig. 4 The use of digital laboratories in STEM classes (NRU “BelSU”, Russia)

The results of the study obtained by us are
consistent with the opinion of Yuganova N.A.,
Shelyukhovskaya M.N., who claim that the dig-
ital laboratory helps the teacher to conduct a les-
son in an accessible and interesting way, relying
on modern technologies (Yuganova & Shelyux-
ovskaya, 2020). The role of visibility in the use
of digital laboratories is discussed in the study
of Vaganova O.1., Gladkova A.V., Konovalova
E.Yu., Voronina I.R., who emphasize that the

use of digital laboratories ensures the use of
STEM technologies, since it initially involves
interdisciplinary interaction (Vaganova et al,
2020). Panyukova S.V. draws attention to the
fact that digital laboratories can significantly op-
timize the organization and conduct of work, in-
crease the accuracy and visibility of the experi-
ment, provide great opportunities for processing
and analyzing the data obtained (Panyukova,
2020), and V.S. Blagodarov believes that the use

HAYUYHBIM PE3VJIBTAT. IIEJJATOT'MKA Y TICUXOJIOI' sl OBPA3BOBAHUSA
RESEARCHRESULT. PEDAGOGIC AND PSYCHOLOGY OF EDUCATION



HayuHblil pesysasmam. [ledazozuka u ncuxosnozust obpazosarus. T. 9, Ne 1. C. 3-13
Research Result. Pedagogy and Psychology of Education. Vol. 9, Ne 1. P, 3-13

of digital laboratories contributes to obtaining
new educational results: the formation of stu-
dents’ skills to work on modern scientific and la-
boratory equipment; formation and development
of research skills; formation of computer liter-
acy (Blagodarov, 2021).

The correlation of the above-mentioned
studies with the practice of using digital labora-
tories at the National Research University
“BelSU” (Russia) showed that modern technical
means of teaching allow students to actively par-
ticipate in the educational process, effectively
form research and practical skills in STEM dis-
ciplines, a steady increase in the cognitive inter-
est of schoolchildren and, as a result, an increase
in educational motivation. Thus, the use of mod-
ern digital learning tools ensures the achieve-
ment of high educational results by students in
STEM-oriented programs, the possibility of in-
depth study of individual subjects, contributes to
the formation of inventive, creative, critical
thinking.

Conclusion. A study on the interest of
schoolchildren in STEM disciplines revealed
that the majority of respondents (72%) are satis-
fied with the teaching of STEM subjects, and
62% consider STEM subjects interesting.

The study of the peculiarities of teaching
STEM disciplines in general education institu-
tions of Russia and the Republic of Kazakhstan
showed that the main factors negatively affect-
ing the educational motivation of schoolchildren
and the quality of teaching the above disciplines
are the following: insufficient use of ICT (45%),
low level of ICT knowledge (52%), lack of la-
boratory equipment (33% of teachers from Rus-
sia and 44% of teachers from the Republic of
Kazakhstan), the lack of modern scientific and
methodological support (39% of teachers from
Russia, 47% of teachers from the Republic of
Kazakhstan), as well as the difficulties of mas-
tering professions related to the study of STEM
disciplines (27%). Teachers also noted the insuf-
ficient level of social partnership: the lack of ef-
fective networking and cooperation of educa-
tional organizations, businesses and industrial
enterprises in the implementation of STEM dis-
ciplines, as well as insufficient professional mo-
tivation of teachers.

Among the ways to solve the problem of
digitalization of STEM education for the further
development of senior schoolchildren motiva-
tion to professional self-determination and edu-
cation in the scientific and technical field of ac-
tivity, it should be noted the need to create
STEM centers that will provide educational and
consulting services to STEM teachers, tutors,
students and schoolchildren. Equipping STEM
centers with modern digital equipment and digi-
tal laboratories will allow students and school-
children to actively participate in the educational
process, effectively form research and practical
skills in STEM disciplines, which will contrib-
ute to the growth of cognitive interest of school-
children and, as a result, increase educational
motivation and professional self-determination.
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JlaHHble aBTOPOB:

Kopmakosa Banentuna HukosaeBHa, TOKTOp 1e-
JIaTOTMYECKUX Hayk, mnpodeccop, mpodeccop Ka-
¢denpel nenaroruku, benropoackuii rocyaapcTBeH-
HbIIl HALMOHAIBHBIA HCCJIEIOBATEIBCKUA YHUBED-
CHUTET.

Yepuasckux Cperiana /IMmurpueBHa, KaHIUAAT
OHMOJIOTMYECKUX HAyK, JOLEHT, JeKaH (aKyibTeTa
MaTEMaTHKH U €CTECTBEHHOHAYYHOTO 00pa3oBaHus,
benroponackuii rocynapcTBEHHBIM HallMOHAJbHBIN
HCCIIEN0BATEIBCKUM YHUBEPCUTET.

Tpuxkyna Jlrogmuna HukonaeBHa, KaHAUJAT Ie-
JTaTOrMYECKUX HAyK, JIOIEHT, MOIECHT Kadeaphl HH-
(OpMaTHKH, E€CTeCTBEHHOHAYUYHBIX JAMCIUIUIMH H
METOJIMK TIpernoiaBanus, benropoackuii rocymap-
CTBEHHBIN HAITMOHAIBHBIN UCCIIE0BATEINBCKII YHU-
BEpCHUTET.

Caraep Oubra HukosiaeBHa, KaHIUAAT TEXHUYE-
CKHX HayK, JOIEHT, 3aBeAyonui kadeapoit uapop-
MaTHKH, €CTECTBEHHOHAYYHBIX JUCIUILUINH H METO-
JIMK TIpeToiaBaHus, belaropoickuii ToCynapcTBeH-
HbIIl HALMOHAIBHBIM HCCJIENOBATEIBCKUM YHUBEP-
CHTET.
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