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Abstract. In the digitalization of education, the need to develop comprehensive
strategies capable of integrating technological innovations with the fundamental
principles of pedagogical science is urgent. Research activities not only adapt to
current technological changes, but also create new educational models in which
teachers develop advanced strategies for their professional development. The
article discusses ways to develop the need to develop the research competence
of a future chemistry teacher, based on the fundamental principles of pedagogical
science in the context of digital education. The purpose of the research is to
identify the features of ways to develop the research competence of future
chemistry teachers in digital education. In the course of achieving this goal,
based on scientific works, the level of formation of research competencies of
students in the field of chemistry teacher training was determined. In the process
of teaching chemistry, the experience of students' self-development and the use
of modern methods of creative search were analyzed. A methodological system
for organizing the research activities of future chemistry teachers in the context
of digital education has been developed. In order to determine the effectiveness
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of the methodological system, students of the educational program 6B01512-
Chemistry conducted a pedagogical experiment on the subjects "Methods of
conducting chemical experiments at school", "Methods of making visual aids".
During the experiment, not only the indicators of the students' level of knowledge
acquisition were taken into account, but also qualitative indicators that can serve
as a basis for the development of research competencies. They were determined
by the level of activity and development of cognitive and personal components.
The results obtained during the study show that the use of digital technologies in
the development of research competencies of future chemistry teachers can make
innovative changes in the educational space of the university.

Keywords: future chemistry teacher, research competence, digitalization,
methodological system, pedagogical experiment
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AnHoTamnus. biniM Oepyni nudpraHaspya Me1aroruka FRUTBIMBIHBIH ipTeii
MPUHIUITEPIMEH TEXHOJIOTHSITBIK WHHOBAIMSIAPbI HHTCTPAIUsIIayFa Ka0iaeTTi
KeIIeH/II CTpaTerHsuiapbl d3ipiiey KaKeTTUTr ©3eKTi OONbIM TaOBLIAJIbI.
AFBIMIIaFBl TEXHOJIOTHSIIBIK ©3repicTepre OeiimMaernin KaHa KoiMaii, MyFaliMep
©31HIH KOCiOM JTaMyBIHBIH O3BIK CTpPATETHSIIAPBIH KOOAIAUTHIH *KaHa OiliM Oepy
MOJICTBACPIH KypyJda FBUIBIMH 3€pPTTEY KbI3METI MAaHBI3IbI OOJBIN TAOBLIAIEI.
Maxkanama mudpiblk Oi1iM Oepy JKaFaaiibIHIa MeJarOTUKAIBIK FRUTBIMHBIH 1preli
MPUHIMIITEPiHE CYHEHe OTBIPHII, OoylalaKk XUMHS MYFaTiMiHIH 3epTTEyNIiTiK
KY3BIPETTUTITIH JaMbBITYy KAXKETTIITH JaMbBITY JKOJIAAphl KapacThIPBLIAIIBL.
3epTTey KYMBICHIHBIH MaKcaThl: NUMPIBIK OiliM Oepy JkarmalibiHIaa Ooamak
XUMHS MYFaTIMICPIHIH 3epTTeYIIUIIK KY3bIPETTUIIH JaMBITy KOJIJapbIHBIH
epeKmieNikTepiH aHbikTay. OCBl Makcarka JKeTy OapbIChIHAA FBUIBIMHU
eHOeKTepre CyHeHe OTBIPBIN, XUMHUS MYFaTIMICPIH JAaspiay OarbIThIHIAFBI
OUTIM aMymIbUIApABIH 3EPTTEYNIUNK KY3BIPETTUTIKTEPIHIH KaJbITacy JCHTreil
alKbIHAANApl. XWUMHUSHBI OKBITY YIepiciHae OuTiM alyImbuiapablH e3iH-e31
JAMBITY, TIBIFAPMAIIBUIBIK 137ICHICTIH 3aMaHayd TOCUIEPiH KONIaHy Toxipuoeci
capanauabsl. L{ndpieik OiximM Oepy skaFmaaibiHIa Ooamak XUuMUs MyFalliMIepIiH
3epTTEYIIUTIK KBI3METIH YIUBIMIACTBIPY/IBIH 9/IICTEMENIK KYHeci KypacThIPBLI/IBL.
OJicTeMelNliK JKYWeHIH THIMIUINTIH aHbIKTay MakcareiHga 6B01512-Xumus
OimiMm Oepy OaFmapiaMachIHBIH OUTIM amymIbuiapblHa «MEKTenTe XUMHSITBIK
AKCMIEPUMEHT XKYPTi3y ofmicTemeci», «KepHeki Kypanmap naibIiHIAy 9micTeMeci»
nmoHzAepi OOMBIHIIA IMEAArOrMKAaJbIK 3KCIEPUMEHT JKYPri3iiai. OKCIEepUMEHT
OaphIChIHIa O1ITIM aTyTIbLIapAaFs! OiTiMII MEHTepy JIeHTeiiHiH KOPCETKIIliH FaHa
OJIIIEYMEH IIEKTEIIMEH, 3ePTTEYIIITIK KY3bIPETTUTIKT1 JaMBITyFa Heri3 00J1a aaThiH
canaybelK KepceTkimrep ae eckepingi. O camanblk KOPCETKIMTep OeNCeHILTIK
JKOHE KOTHUTHBTIK, TYJIFAIIBIK KYpayIIbLIapAbIlH JaMybl TCHTeHiMEeH alKbIHIANIbI.
3eprTey OapbIChbIHIA aJIbIHFAH HOTIDKENEp Oonamak XUMHS MyFaliMIepiHiH
3epTTEYNIUTIK KY3BIPETTUIIH JaMbITy1a MHQPIBIK TEXHOIOTHUIAPAbI KOIIaHy
YHUBEPCHUTETTIH O1J1iM Oepy KEeHICTiriHe KaHaIIbII 3TepicTep JKelle anabl.

Tyiiin ce3mep: Oomamak XUMHS MYFaliMi, 3€pTTEYIIUNK KY3bIPETTLIIK,
U PIAHIBIPY, SICTEMENIK KYHe, MearoruKaablK SKCIICPUMEHT
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AnnoTtanus. B ycnoBusix nndposuzanuu o0pa3oBaHus 0co0yI0 aKTyalbHOCTh
npuodperaer  pa3paboTKa  KOMILICKCHBIX  CTpareruid, 00ECIeYMBAIOIIMX
MHTETPALUI0 TEXHOJOTMYECKUX HHHOBAIMHI ¢ (hyHIaMEHTAIbHBIMU PUHINIAMA
negarornyeckoi Hayku. Hayano-mcciieioBarenbckas e TelIbHOCTh BCOBPEMEHHBIX
YCIOBUSIX HE TOJBKO aJalNTHPYETCs K MPOMCXOAANIMM TEXHOJIOTHYESCKHM
W3MEHEHHsIM, HO U CIIOCOOCTBYET (OPMHUPOBAHHIO HOBBIX 00pPa30BaTEIbHBIX
MoJielieil ¥ pacIIiPEeHUI0 BO3MOKHOCTEW MPO(eCCHOHAIBHOTO Pa3BUTHSI Oy Iy X
nejaroroB. B crarbe paccMmarpwBalOTCS TYTH Pa3BUTHS HMCCIEIOBATEIBCKUX
KOMITETEHIIH OyIyIIUX yduTeNnell XMMHUH B YCIOBHAX IH(POBOTO 00pa30BaHMUSL.
Llens nccnenoBaHust — OMPENENUTh U 000CHOBATH (P (GEKTUBHBIC ITyTH Pa3BUTHS
UCCJICIOBATEIbCKUX KOMIIETCHLUH OyIyluX ydYuTeldeld XHMHH IOCPEICTBOM
OpUMEHEHHs UUQPPOBBIX 00pa3oBaTeNbHBIX TeXHOJOrWH. s mocTmxeHus
MOCTABJICHHOH 1Ie7I Ha OCHOBE aHAIM3a HAYYHOH JIMTEpaTypbl ObUT OmpeneneH
HUCXOMHBIH YpPOBEHb C(HOPMHPOBAHHOCTH MCCIICIOBATEIHCKAX KOMITCTCHIINNA
CTYAICHTOB, OOYYaIOIIMXCS MO HANpaBICHUIO ITOATOTOBKH YYHUTENEH XHMHH.
B mpomecce oOydeHHs NpOaHATM3HPOBAH OMBIT CAMOPAa3BUTHS CTYJACHTOB W
NPUMEHEHHST UM COBPEMEHHBIX METOJOB TBOPYECKOTO M HCCIIEHAOBATEIHCKOTO
noucka. Pa3zpaborana MeTonnueckas CUCTeMa OpraHU3allMK MUCCIEI0BATEIbCKON
JeSITeTbHOCTH OyIyIIUX YUuTeNneld XMMHUU B YCIOBUSX IM(POBOTO 00pazoBaHusl.
Hus onpenencHus 3G(OEKTUBHOCTH MPEAJIOKESHHOW METOAMYECKON CHUCTEMBI CO
cTyneHTaMHu oOpa3oBaTeapbHON mporpaMmbl «6B01512 — Xumwust» ObLT IpoBEneH
MeJarorndeckuii HKCIIEPUMEHT B paMKax JUCHUIUINH «MeTomuKa NpoBeIeHUS
XMMHUYECKOTO DKCIIEPUMEHTA B IIKOJIE» M «MeToquKa M3rOTOBICHHS HATJISTHBIX
nocobwmii». B xone skcriepruMeHTa OIEHUBAIUCH HE TOJILKO MMOKA3aTell YPOBHS
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YCBOCHHUSI 3HAHWH, HO U KAYCCTBCHHBbIC W3MCHEHUS, CBSA3aHHBIC C Pa3BUTHEM
WCCIIE/IOBATEIbCKUX KOMITETEHIIUH CcTyaeHToB. Ocoboe BHHMaHUE Y/IENsIOCh
YPOBHIO TI03HABATEIbHOW aKTUBHOCTH, CaMOCTOSITCJIBHOCTH M JIMYHOCTHOU
BOBJICUCHHOCTH 00YJAFOIIUXCS B UCCIIEA0BATEIBCKYIO IS TENLHOCTD. [loyueHHbIe
pe3yNbTaThl MOKAa3bIBAIOT, YTO MPUMEHEHHE HU(POBBIX TEXHOJOTHH B Ipoliecce
(OpPMHUPOBAHUST MCCIICAOBATEIBCKUX KOMIIETCHIIUN OyAylIMX yduTelell XUMUU
CIOCOOCTBYET Kaue€CTBEHHOMY OOHOBJICHHIO 00pa3oBaTeIBHOTO IpoIiecca
W pacmmpsieT BO3MOXHOCTH OpTaHM3allMd WX CaMOCTOSATEIbHOW Hay4dHO-
HCCIIEIOBATEIbCKOW S TEIIbHOCTH.

KaroueBble cijioBa: Oyayliuil y4uTellb XHMHH, HCCICIOBATEIBCKAC KOM-
METSHIINY; TU(PPOBHU3AIHS 00PA30BAHMUS; METONYECKAsI CHCTEMA; TIeTarOTHUeCKUN
IKCTIIEPUMEHT; IIU(PPOBBIE TEXHOJIOTHH

Introduction. In order for our country to fit into the world education system,
the educational paradigm has changed and a new national model has been formed.
In accordance with this, in the future, it requires improving the quality of training
of teachers who train and educate a person who thinks in a new way, is prone to
social changes and has a developed consciousness, an established attitude. The
task of a teacher in modern society is to form a competent and competitive person
who is flexible enough to live in an age of rapid development of science and
technology, working for the benefit of society, prone to creativity, competent and
competitive. That is, the role of future teachers in improving the quality of modern
education is special.

Since the main mechanism for improving the quality of education is the
teacher, a deep qualification of the teacher is necessary. In the implementation
of these tasks, the «Concept for the development of higher education and science
of the Republic of Kazakhstan for 2023-2029» aims to develop the education of
the younger generation by improving the continuing education of teaching staff.
The development of intellectual abilities of students in high school is one of the
tasks performed by teachers of each subject. Subject teachers need to find effective
methods and lead them to creativity in order to form students with a comprehensive,
deep knowledge, a high level of intellectual abilities. If this is the case, then it is
important to develop a future chemistry teacher's research competence.

Literature review. Intensive digitalization of society requires rethinking
approaches to professional training of teachers. That is, it shows the need to
present new approaches to education. This process is based on key changes in
the education system, that is, the modern digital educational space. The modern
digital transformation of education systems has led to changes in the professional
training system. Under the influence of a complex of global technological and
socio-cultural challenges, the traditional system of professional training is carried
out through a radical transformation. The intensity of technological changes,
accordingly, adds new requirements to the professional competencies of teachers,
leading to changes in existing educational methodologies.
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The gap between the pace of technology development and the speed of updating
educational strategies is becoming the main methodological problem. Scientists
such as T. N. Noskova, T. B. Pavlova and O. V. Yakovleva showed in their research
(Novik, 2012) that traditional methods of professional learning are not able to
quickly adapt to the rapid changes in digital reality, emphasizing the technical
aspects of digital technologies.

We can also see the global nature of the contradictions identified in international
research by differentiating the works of scientists. Li Tian, in his work, considered
that the presence of technical skills in the digitalization of pedagogical knowledge
in China does not guarantee the effective pedagogical integration of digital tools.
And the works of M. Prensky clearly show the heterogeneity of pedagogical
personnel, which exacerbates the problems of their professional training in the
context of digital transformation (Minnahmetova, 2022).

It is necessary to develop new educational models that not only adapt to current
technological changes, but also design advanced strategies for the professional
development of Teachers. The researcher described the need to develop complexes
capable of combining innovations with the fundamental principles of pedagogical
science. The socio-pedagogical context of the transformation of educational
practices is determined by a complex of external factors.

It is important to analyze the requirements for the professional training of
teachers and the organization of research activities in terms of determining the
role of research activities of students and establishing the correspondence between
the competencies formed at the undergraduate level.

In this context, the Professional standard «Teacher» defines the requirements
for the level of qualification, competence, content, quality and working conditions
ofteachers at all levels of Education. In the course of the analysis of this document,
the teacher was obliged to perform the following Labor functions (https://adilet.
zan.kz/kaz/docs/V2200031149 ):

- implementation of the educational process;

- assessment of students ' academic achievements;

- support of public confidence in the profession and involvement of students in
the value system;

-implementation of educational and methodological activities.

For the implementation of Labor functions, in particular, general pedagogical
ones, teachers need to have skills in organizing Cognitive Research, Educational
Research and independent research, as well as the ability to organize research
(experiment, finding patterns, etc.). Consequently, in the process of professional
training of teachers, significant attention should be paid to the formation of their
research competencies. At the same time, it is important to teach future teachers to
do research work in training. Students should be able to meet the requirements of
the organization of research work in their future professional activities:

- actual problems, development trends, methods (technologies) of the relevant
scientific field and (or) field of professional activity;
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- methodology of scientific research in the relevant field of knowledge;
-theoretical foundations and technologies of research and design activities,
requirements for the design of design and research works, etc.;
- participation in the organization of research, design and other activities of
students;

- provide methodological assistance to students in choosing and designing a
topic, conducting the main stages of research work;

- review of project and research works of students;

- analysis of scientific and educational materials, assessment of their quality,
etc.

The author of the classical textbook V. I. Zagvyazinsky and other researchers
write about the need to improve the research activities of teachers (Lyzhin,
Konovalov, 2021). L.G.Khisamieva identifies four components of the research
activity of the teacher (Khisamieva, 2014):

- cognitive (putting a research problem);

- abductive (assumption-formulation of hypotheses);

- argumentation (search for evidence or evidence to defend the situation put
forward, implementation of research methods);

- verification (evaluation of results).

In addition, on the basis of the problems of the teaching profession in the 21st
century, the OECD noted the importance of scientific research work for teachers
(Guerriero, 2017). Teachers need research competence to read and interpret the
results of the relevant research, and to carry out further research work. Then there
is a need for a modern teacher to develop research competence in fulfilling the
tasks set for modern education. Therefore, the concept of «competence» is often
used today. Competence is the individual ability of the teacher, his qualification
(knowledge and experience), the ability to independently make decisions.
Competence - the readiness and ability of an individual to perform certain tasks with
theoretical knowledge and practical experience. It is manifested not in the form of
inanimate memorized knowledge, but in the activity of the individual's flexibility
to participate in cognition, thinking and action, to propose certain problems, to
make solutions, to analyze its course and results, to constantly make rational
adjustments. Competence puts in the first place not the information literacy of a
person, but his ability to correctly solve a problem. In his research, A. Khutorskoy
called the concept of competence a social requirement, which is given in advance
to the acquisition of knowledge necessary for the effective activity of a student in
a particular area, and A. K. Markova proposed a similar self-definition. Research
competence as an integrative characteristic of a person - involves mastering the
methodology and technology of research activities, recognizing their value and
readiness for use in professional activities (Khutorskoy, 2021).

This competence is of decisive importance in various areas of their professional
knowledge. For example, teachers rely on this knowledge to effectively plan their
learning processes based on the latest research. In addition, competence in research
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is the basis for the sustainable professional development of teachers and allows
them to evaluate innovations in their schools, manage development processes.
This is reflected in the increasing number of methodological works based on the
development of the school, in which teachers collect, analyze and interpret data to
justify their decisions (Drahmann, 2018).

Research competence is understood as the Integrative and dynamic properties
of the personality. It is formed in the educational process of students and during
independent research activities. It, in turn, is expressed in the readiness and
ability to carry out research activities on the basis of the formed set of knowledge
necessary and sufficient special skills for the quality performance of research
or research work, research skills and experience, characteristic of each level of
Higher School Education and/or job responsibilities of a researcher at each stage
of career development.

However, the concepts ofresearch competence of future teachers are differentand
often inaccurate. In accordance with the general concepts of teacher competence,
research competence is interpreted as a complex structure that includes certain
cognitive and affective-motivational characteristics to meet research requirements.

Most scientists on the components of competence distinguish between
cognitive and activity components of competence, in addition to these, there are
also motivational-personal, value-semantic and emotional-volitional components.
In our opinion, for the correct formation of any competence, cognitive, activity
and personal components are necessary. The cognitive component includes the
necessary knowledge in a particular type of activity, the activity component
includes skills and successful experience in performing activities, and the
personality component includes self-ability. If we consider the content of these
components in the formation of research competence, Z. N. Apazova defines
research competence as «the ability to characterize the process and result of the
activity of creative thinking, research design activity» (Apazova, 2009). A.V.
Khutorskoy in his research considers the elements of methodological, subject,
logical activity of research competence as components of cognitive competence,
goal setting, planning, analysis, as ways of organizing reflection. In addition, it is
noted that intellectual and spiritual self-development serves as an integral part of
the competence of personal self-improvement.

In particular, these requirements involve the use of knowledge about scientific
methods in their professional field, critical thinking on them and use for their own
pedagogical practice. In addition to these specific competencies, school teachers
need interdisciplinary abilities such as critical thinking, problem solving, and self-
management to successfully conduct research.

One of the methods for developing the research competence of teachers is RBL
(Research based learning). In higher education, the RBL method refers to specific
learning processes in which students are encouraged by actively and independently
conducting a research project in order to promote professionalization.

In its study, Borg found that the RBL method is essential in the most important
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cognitive component of the research competence of future teachers. The RBL
method equally includes knowledge and skills that fall under the basis of
interaction with research (i.e. learning and use), as well as participation in research
(conducting and organizing) (Borg, 2010). In the Cammann study, the RBL method
works with measurements that reflect the typical stages of the search process in the
course (Cammann et al. 2020):

- research problem (including the transformation of a practical problem into a
research problem);

- research design;

- data collection;

- data analysis;

- interpretation and use of data.

Each of the five dimensions is defined by three dimensions that describe the
knowledge and skills that teachers need to meet the requirements of each stage
of the research process. The RBL method can serve as the basis for students to
actively participate in the research process and form their own ideas.

Therefore, being a potential teacher at this time was considered a mandatory
requirement. They include pedagogical skills and the ability to develop students
" knowledge, creativity and ways to solve problems. To ensure high-quality
teaching of students, teachers need to constantly develop and develop research
competencies.

We take as a basis the position of researchers L. Sh.Abdulova (Feskova, 2005)
and A. N. Dahin (Nyrieva, 2012), the research competence of the teacher:

- tendency to change;

- the ability to quickly and quickly attach importance to freelance situations;

- to see and identify the problem, find ways to solve it, evaluate the results;

- to observe, analyze pedagogical phenomena and facts, to propose and solve
professional pedagogical tasks on their basis, to make forecasts;

- identify important points, set priorities, plan, develop and conduct an
experiment;

- to process and summarize the results of the experiment;

- design of scientific work in the form of a report-abstract, report, scientific
article;

- to work with original sources;

- use the achievements of the relationship of pedagogy with other sciences.

Thus, by differentiating scientific works, research competence is understood
as a characteristic of a person who can have research skills at the technological
level in order to search for knowledge that can solve learning problems, conduct
the educational process. However, the human being is a researcher by birth, but
the research capacity given to man by birth is insufficient. Students should master
the theory of research and the essence of practice. It actualizes the problems of
the formation of research skills and abilities of the growing generation. After
all, without these abilities, it is impossible to form research competence. In
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connection with modern world changes, in the process of digitalization, a teacher
who knows how to work with professionally significant competencies, as well
as research competencies, is in demand. It is known that in the implementation
of strategic tasks of education, measures have long been needed to develop the
research competence of teachers through digitalization. Through the use of digital
technologies, each teacher can develop their own research competence.

Since the subject of chemistry is an experimental subject, the methods used
in the study of chemistry (experiment, synthesis, hypothesis development, etc.)
coincide with the main components of research competence. And it is directly
related to the process of developing research competence in teaching chemistry.
Therefore, the main task of a chemistry teacher is to form students ' own research
competence when teaching chemistry. The research competence of the future
chemistry teacher is formed in the process of educational and research activities,
a necessary condition for the personal and professional development of students.
It is expressed through the organization of research activities and special skills. In
turn, it is expressed in the presence of knowledge about the acquisition of skills.
If so, it is reflected in the enrichment of research activities and the subjective
experience of the individual. Ensures the ability of the future teacher to continuous
self-education and search, his readiness for active, creative, professional activity
(Faritov, 2016).

The purpose of this article was to identify the features of the ways of developing
the research competence of future chemistry teachers in the context of digitalization
of Education.

Research objectives:

- determination of the level of formation of research competencies of students
in the direction of training chemistry teachers;

- to determine the methodological system for organizing the research activities
of future teachers in the context of digital education.

The significance of the research results is due to its contribution to the theory
and practice of digital learning in the higher education system, opening up access
to non-traditional sources of information, teaching aids and forms for students and
teachers, contributing to the development of research competencies, taking into
account the increase in the level of self-organization.

Research materials and methods. To solve the tasks set, the following
research methods were used:

- theoretical research methods. Analysis of scientific works (pedagogy,
didactics, methods of teaching chemistry); differentiation and generalization of
the experience of applying modern methods of self-development, creative search
of students in the process of teaching chemistry;

- empirical research methods: survey (oral and written) and conversation
methods; statistical methods of processing the results; organization and conduct

of a pedagogical experiment.
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The pedagogical experiment was organized at the stages of detection, formation
and control.

Research results discussion. During the determining stage of the experiment,
the following tasks were solved: to determine the initial level of development of
the research competence of the future chemistry teacher; to conduct an experiment
of various forms of training sessions; to determine their effectiveness in terms of
the formation of components of the research competence of students aimed at
personal development. The experiment was attended by students of the 4th year of
the educational program 6B01512-Chemistry (86 students) of the Khoja Akhmet
Yassawi International Kazakh - Turkish University.

As a result of the survey, the majority of students (86%) will be able to use
digital technologies in the educational process. For the remaining 30%, the use of
digital technologies in the educational process is hindered by insufficient digital
tools and low internet connection. At the same time, 26% of students found low
skills in using digital technologies. As the students noted, most of the information
about the lecture and practical classes became available through its digitization,
which allows the student to implement the process of Continuing Education,
form knowledge, skills and abilities on digitalization. According to the students,
teachers are actively introducing modern digital technologies into their educational
practice. However, a significant number of students (40%) showed that they
cannot independently work with ready-made circuitry programs and create digital
products, such as online tests and video content.

Taking into account the results of the survey, a methodological system was
compiled (Figurel).

Chemistry is an experimental science, and therefore a chemical experiment can
be both a method and a means of teaching. In the implementation of experimental
laboratory work in chemistry in educational laboratories at the school, there are
problems that need to be resolved quickly and efficiently due to the importance
of compliance with safety measures, the expiration and availability of chemical
reagents and installations.

In this regard, the need to effectively use the pedagogical potential of digital
technologies is important. At the stage of formation of the implemented pedagogical
experimental work, students performed chemical experiments in grades 7-11,
developed video content about its progress, mastered the practice of using mobile
applications and virtual chemical laboratories.

The development of research competence of students of Bachelors of chemistry
in the process of teaching in a higher education organization is considered as a
special form of joint work of the teacher and students. For this purpose, students
wrote a project. During the writing of the project, ABC-Chemistry, Beilstein Journal
of Organic Chemistry, Chemical Search Engine, ChemRxiv, e-Books Directory,
Organic Chemistry Portal, Thieme, Open access journals worked with resources
to help keep abreast of the latest global trends and news in the field of chemistry.
It was aimed at revealing the personal, creative, personal potential of each subject
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in the educational process. He worked with databases of chemical structures and
reactions, such as ChemSpider, ChemSynthesis, MatWeb material Property data,
Periodic Table, in accordance with the need to recognize and distinguish chemical
objects, processes, and research. This contributes to the formation of such skills
of the individual as the organization, conduct, implementation of research work
in chemical laboratories. Allows students to independently acquire knowledge,
present and formulate their own thoughts and opinions.

-« ";f‘} The development of digital literacy in future chemistry teachers

; is based on the integration of research activities into the educational process
- and the formation of knowledge, skills, and experience.
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Figure 1 — Methodological system for the development of research competencies of future
chemistry teachers in digital education.
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On the basis of these, we conducted classes with a special methodology in
the framework of the disciplines «Methods of preparing visual aids», «Methods
of conducting experiments at school» for 4th year students studying under the
educational program 6B01512-Chemistry at the formative stage of the pedagogical
experiment. During the lesson, internet resources and various mobile programs
were used. The figure below shows a sequence of programs that can be used in the
course of conducting experimental subjects (Figure 2).

Virtual laboratories
(VRChemistry Lab,
VirtuLab)

Prograrns for

o e ki demonstrating various Molecule. -building tools
ﬂ ﬂ ﬂ chemical reactions for organic compounds
LlJ l!] U (PhET, Unreal Chemist, (KingDraw, Chemistry Station,
BEAKER - Mix Chemicals, ChemSketch)
Chemistry Quiz) °
\ 3 . i
Online assessment tools ISIS D "
7 — for checking knowledge: CH, I faysortyare
Y — for drawing diagrams
e Google Forms, Quizizz, S e AL
~=I Quizlet, JeopardyLabs.com, | ;m wrlltlng e
T y
Quizalize QLIRS

Figure 2 — Digital programs used in the organization of classes in the disciplines «Methods of
conducting experiments at school», «Methods of preparing visual aids».

A methodology for determining the formation of the components of research
competence at different stages of the pedagogical experiment has been developed.
In the course of the experiment, the volume of knowledge, the quality of learning
(QL) and the level of learning (LL), the effective use of working time and
the speed of the student's performance of activities were taken as the basis of
quantitative indicators. In addition to the above indicators, research skills such as
the correctness, accuracy and independence of actions, and the stability of skills
were also taken into account.

It is also necessary to take into account the qualitative indicators of the
formation of skills. We took into account in the Labor Organization indicator
during the study. It included the following important components: the ability to set
tasks, plan educational activities, exercise self-control and search for the optimal
method of activity.

The table below presents indicators for assessing the effectiveness of research
competence in terms of indicators of the quality of learning and the level of
learning (Table 1).

OROAE] 94




ISSN 1991-3494 4.2026
Table 1 — Assessment table.
Level of Knowledge |Control Group Experimental Group
Acquisition Before the | After the Before the Experiment | After the Experiment
Experiment | Experiment
Quality of Learning | 59% 73% 61% 82.6%
Learning Level 3.8 3.9 3.7 4.4

To determine the level of development of research competencies of future
chemistry teachers in the context of digitalization, the results of teaching the
disciplines «Methodology for conducting a chemical experiment at school»,
«Methodology for preparing visual aids» by a special methodology were taken
as a basis. Research competence was determined by the level of activity and
development of cognitive and personal components. The level of formation of
structural components of the development of research competence of students is
shown in Table 2.

Table 2 — Structural components of research competence

Component / Level High Level Medium Level Low Level
Activity 60% 37% 3%
Cognitive 55% 40% 5%
Personal 76% 23% 1%

At the level of activity, 60% of the research competencies of future chemistry
teachers are formed at a high level. Future chemistry teachers combine the laws
of Chemical Education and pedagogy. Identify and master the main methods of
analysis of pedagogical situations and ways to use professional reflection. He is
able to understand the scientific foundations of chemistry in accordance with the
requirements of pedagogical education based on special scientific knowledge.
37% of future chemistry teachers face difficulties with methods of analyzing the
pedagogical situation.

At the cognitive level, only 55% of students are formed at a high level
according to subject testing: students have a high level of knowledge of the system
of special scientific knowledge in chemistry; they are able to explain the sections
of chemistry from a didactic point of view; Know, apply, formulate, critically
evaluate the scientific foundations of the discipline. However, 40% of students
have an average level of formation. They are ready to apply the knowledge
gained in the subject area, but there are some difficulties associated with research
competence and express some uncertainty about the level of formation of subject
knowledge. Future chemistry teachers demonstrate a high level of knowledge,
skills and abilities of students at the personal level in the development of research
competencies (76%). Students have a high level of activity and are able to organize
and carry out pedagogical activities on the basis of special scientific knowledge in

the context of digital education.
[XoIl
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In the process of transforming education, the development of research
competence is significantly influenced by the digitalization of the modern
educational process from the point of view of a competence approach. The basis
for the approaches to the formation of research competencies of future chemistry
teachers can be activity, cognitive and personal components.

The technology of formation of research competence, tested using modern
teaching methods and forms of Organization of Educational Progress, has
significant advantages and is important for the student to actively organize research
work on the implementation of research projects. Adapts faster to the specifics of
future professional activities. In this case, the student feels himself not only as an
object of pedagogical influence, but also as a subject of his own activity.

Conclusion. The development of the digital society, in turn, also brings great
changes in the field of Education. The demand for innovative teachers who are
prone to changes in the field of education and are able to exert their own influence
is growing day by day. From this point of view, it is important to develop research
competence in the training of future teachers. Our research work was carried out
with students of the educational program 6B01512-Chemistry. In accordance
with the goals set out in the article, we analyzed scientific works and identified
the theoretical foundations of the development of research competence of future
chemistry teachers in the context of digital education. As a result, we were able
to develop an effective methodological system for the implementation of this
process. And in the course of the experiment, we determined the effectiveness of
the proposed methodological system and proposed the following conclusions:

1. The development of research competence of future chemistry teachers in the
context of digital education can be a guarantee of future professional activity and
personal development as a specialist.

2. The methodological system proposed by us can be effective and provide in
the process of developing the components of the research competence of future
chemistry teachers.
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