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EVALUATION OF ADVANCED TECHNOLOGY FOR THE FORMATION
OF RESEARCH COMPETENCE OF PHYSICS STUDENTS IN THE
FIELD OF TRIBOLOGY

Abstract. The article examines the issues of determining the capabilities of
the tribology laboratory workshop for the formation of research competencies,
identifying the content, methods and tools of the tribology laboratory workshop
that contribute to the formation of research competencies and systematization of
diagnostics of the formation of research competencies of physics students. The
aim of the research is to develop a methodology for the formation of research
competencies of physics students, which contains interesting materials for a
variety of forms of activity aimed at the formation and development of generalized
and significant research skills for physics students. The authors propose one of
the variants of the conditions for the formation of students' activities in practical
classes on the physical foundations of tribology. To achieve the purpose of the
study, we applied such methods of theoretical research as analysis and synthesis
of scientific, pedagogical, methodological literature, observation, interviewing,
questioning, conducting a pedagogical experiment, processing the results of a
pedagogical experiment by methods of mathematical statistics. At different stages
of the pedagogical experiment, 15 teachers and 437 physics students of the 3rd
and 4th courses took part. As a result of the study, the structural composition and
indicators of the formation of research competencies of physics students were
identified, the methodology of mini-studies conducted within the framework of
a laboratory workshop on the physical foundations of tribology was developed
and implemented. The effectiveness of the developed methods of mini-studies
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conducted within the framework of a laboratory workshop in terms of the formation
of research competencies of future physics specialists has been experimentally
verified. The practical significance of the research is determined by the fact that
its results provide a methodological basis and allows to significantly increase the
possibilities of forming research competencies of future specialists by expanding
the scope of tasks of the laboratory workshop on the basics of tribology and other
profiling disciplines.

Key words: training, physical fundamentals of tribology, future specialists,
professional competence, design and research activities, practical work.
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TPUBOJIOT'UA CAJTACBIHIATBI ®U3UK CTYAEHTTEPIIH
3EPTTEY K¥3bIPETTIVIIKTEPIH KAJIBIIITACTBIPYJbIH O3bIK
TEXHOJIOTI'UAJIAPBIH BAFAJIAY

AHHOTanus. Makanaga 3epTTey KY3bIPETTUIIKTEpiH KaNbINTACTBIPY YIIiH
TpuOoOIOTHsT OOWBIHINA 3epTXaHAIBIK MPAKTHKYMHBIH MYMKIHJIKTEpiH aHBIKTAY,
3epTTey KY3BIPETTUTIKTEPIH KaJBINTACTBIPYFa XKoHE (PU3HUK CTYACHTTEPIH 3epTTeY
KY3BIPETTUTIKTEPiHIH KaJIbIITACYbIH JUarHOCTHKAay/Abl Kyieeyre bIKIal eTeTiH
TpUOOJIOTHST OOUBIHIIIA 3ePTXAHAIBIK TPAKTHKYMHBIH Ma3MYHBIH, dIiCTeMeCi MEH
KypaJlJlapbIHaHBIKTAY MOCEJIeNIepi3epTTeN i, 3epTTeyIiH MaKCcaThl (DU3UK CTYICHTTEP
YILIH >KaJNbUIaHFaH XOHE MaHbI3/Ibl 3ePTTEY JaFIblIapblH KAJIBIITACTBIPYFa XKOHE
JaMBITyFa OaFbITTallFaH KbI3MET TYPJICPIHIH alyaH TYPJIUIrl YIIH KbI3BIKTHI
MarepuangapAbl KaMTHTBIH (U3UK CTYISHTTEPAIH 3€pTTey KY3bIPETTLIIKTEPiH
KQJIBITITACTBIPY 9MIICTEMECIH 931piiey OOJBIN TaObLTa bl ABTOPIIAp TPHUOOIOTUSHBIH
(u3MKaIBIK HeTi3epi OOMBIHIIA MPAKTUKAIBIK cabdakTapja CTYASHTTEPIiH ic-
OPEKETiH KaJbINTACThIPy MIAPTTAPbIHBIH Oi1p HYCKAChIH YChIHBI.

3epTTey MakcaTblHa JKETY YIIIH FbUIBIMU-IIEIArOrMKaNIbIK, 9iCTEMENIK
omeOueTTep i TaNay JKOHE CHHTE3/IEY, OaKbliay, cyx0aT Oepy, cayaliHama KYprisy,
MEeIarOTUKAIIBIK SKCIIEPUMEHT JKYPri3y, MaTeMaTHKAIBIK CTATUCTUKA 9JIICTePIMEH
MEeIarOTUKAIBIK SKCICPUMEHT HOTHXKEJIEPIH OHIEY CHSAKTHI TEOPHSUIBIK 3epTTey
omicTepi KOMTAHBUIALL l[lemarormkanblK IKCIEPUMEHTTIH OpTYpJli Ke3eHICpiHe
15 okpiTymbl sxoHe 437 ¢usuk 3 xoHe 4-Kypc CTYIEHTTEpi KaTBICTHL. 3epTTey
HOTHXECIHC (U3UK CTYACHTTEPIIH 3€PTTEY KY3bIPETTUTIKTEPiHIH KYPHUIBIMIBIK
KYpaMbl MEH KaJIBINTacy KOPCETKIIITEPI aHBIKTAIIBI, TPHOOJOTUSHBIH (PU3UKAJIBIK
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Heriznepi OOWBIHINIA 3epTXaHAIBIK IPAKTHKYM MIeHOEpiHIe IKYpri3iieriH
IIaFBIH 3€PTTEYAEPIiH omicTeMeci d3ipieH/li koHe eHri3inai. bomamak ¢usnka
MaMaHAapbIHBIH 3€PTTEy KY3bIPETTEPiH KaJbIITACTBIPY O6NiriHae 3epTXaHalbIK
MPaKTUKyM  IIEHOepiHAe  IKYPTi3iIeTiH  MUHHU-3EPTTEYIACPIOiH  93ipJCHTEH
o/licTeMeNepiHiH THIMIUII SKCOEPUMEHTAIBl TYpAE TEKCepunai. 3epTTeyliH
NPAKTUKAIBIK ~ MaHBI3ABUIBIFBI  OHBIH ~ HOTWDKENEpl  O/iCHAMAlBIK  Heri3xi
KaMTaMachl3 €TETIHIITIMEH >KOHE TPHUOOJIOTHS KoHE Oacka ma OeHiHIIK MOHIEP
HeTizzepl OOWBIHIIA 3epTXaHAJBIK NMPAKTUKYM TarlChIpMaJIapPbIHBIH TaKbIPHIOBIH
KEHEHTy apKbUIbI OONaImaK MaMaHAAPABIH 3ePTTeY KY3BIPETTEPiH KaJIBIITACTHIPY
MYMKIHIIKTEpiH €A9yip apTThIpyFa MYMKIHAIK OepEeTiHAIriMEH aHBIKTAIAIbI.
Tyiiin ce3mep: OKbITY, TpHOOJOTHUSHBIH (MU3UKAIBIK Heri3uepi, Oonarmrak
MaMaHap, KaCiOM Ky3bIPETTLIIIK, )K00aay-3epTTey KbI3METI, TPAKTUKAIIBIK )KYMBIC.

M.M. Hypusunosa'*, I1I.JK. Pamankymnos?, M.K. CkakoB'
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2«Mex1yHapOIHBIN Ka3aXCKO-TYPEIKHI YHHBEPCUTET UM. Axmena ScaBuy,
Typkecran, Kazaxcran.
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OIIEHKA MEPEJIOBbIX TEXHOJIOT U1 ®OPMUPOBAHU A
HCCJIETOBATEJIbCKUX KOMIETEHIUA CTYIEHTOB-®U3UKOB
B OBJIACTHU TPUBOJIOI'NU

AnHoTauusi. B crartbe uccieqoBaHbl BONPOCH! OMpEeICHHsI BO3MOKHOCTEH
JTa0OpaTOPHOTO TMPAKTHKyMa I10 TPUOOJIOTHH ISl (OPMHUPOBAHHUS HCCICHIO-
BaTCJIbCKUX KOMHCTGHHHﬁ, BBIABJICHHUU COACPIKAHUA, MCETOAUKU U CPCACTB
71a00paTOPHOro MPAKTHKYMa MO TPUOOJIOTHHU, CIIOCOOCTBYIONIHE (HOPMUPOBAHHIO
HCCIIEI0BATEILCKUX KOMITETCHIIMA U CHCTEMATHU3alliu JIMAarHOCTHUKH CPOPMHUPO-
BAaHHOCTH HCCIIEIOBAaTEIbCKUX KOMICTEHIMH CTyAEHTOB-QH3UKOB. Llenbio
WCCIIEIOBAHUS SIBIISIETCSI pa3paboTKa METOIUKH (POPMUPOBAHHUS HCCIIEIOBATELCKUX
KOMIETEHIIMH CTYACHTOB-(HU3MKOB, KOTOpas COACPKUT MHTEPECHBIC MaTepHalIbl
Ui pasHooOpasust GopM JIeSITeIbHOCTH, HAMpPAaBICHHBIX Ha (OPMUpPOBAHUE U
pa3BUTUC OGOGHICHHBIX U 3HAYUMBIX OJIs1 CTyIIeHTOB-(i)I/ISI/IKOB HCCIICA0OBATCIBbCKUX
yMEHUW. ABTOpaMH TPEUIOKEH OAMH W3 BAPUAHTOB YCIOBHS (OPMHPOBaHUS
ACATCIIBHOCTU CTYACHTOB Ha IMPAKTHYCCKUX 3aHATUAX I10 (1)I/ISPI‘-ICCKI/IM OCHOBaM
TpHOOJIOTHH.

JIJist TOCTHOKEHHUS [IEJTH MCCIICIOBAHUST HAMH ObLTH IPUMEHEHBI TAKUE METOJIBI
TEOPETUYECKOTO HCCICAOBaHMS, KaK aHAJIN3 U CHHTE3 Hay4HO-IIearorHuecKoi,
METOUYUCCKON JTUTEPATYpPhl, HAOMIOICHHE, HHTEPBHIOMPOBAHUE, aHKETUPOBAHHE,
MPOBEJICHUE TMEArornYeckoro KCHepUMeHTa, 00paboTKa pe3yJbTaroB Menaro-
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THYECKOTO  OKCIepUMEHTa METOJaMH  MaTeMaTH4ecKoi cratuctuku. Ha
pPa3HBIX 3Talax IEeAaroru4eckoro SKCIEpUMEHTa NPUHUIM ydacThe 15 mpero-
nasateneit 1 437 cryneHToB-pu3nKoB 3 U 4 KypcoB. B pesynbrare uccienoBanus
BBISIBIIGHBI CTPYKTYpHBIH COCTaB W TIOKa3aTenn C(pOpPMHUPOBAaHHOCTH HCCIIe-
JIOBaTENbCKAX KOMIICTCHIMH  CTYACHTOB-(OM3UKOB, pazpaboTaHa W BHeIpeHa
METOAIMKa MHWHH HCCIIEIOBaHHA, NMPOBOIMMBIX B paMKax J1a0OpaTOpHOTO Tpak-
THKyMa TI0 (PU3NUECKUM OCHOBaM TPUOOJOTHH. DKCIEPHUMEHTAILHO MPOBEpeHa
3 PEeKTUBHOCTH pa3pabdOTaHHBIX METOJUK MUHHM HCCICAOBAaHWN, MPOBOAUMBIX B
pamKax J1a00opaTopHOTO MPAKTHKYMa, B YaCTH (POPMHUPOBAHUS UCCIIETOBATEIHCKUX
KOMIETEHIIMKA Oyaymux crenuanuctoB ¢usuku. [lpakTuyeckas 3HaYUMOCTH
WCCIIEZIOBAHUS OIPEJENACTCS TeM, YTO €T0 Pe3yJbTaThl 00eCIeunBaIOT METO/0-
JIOTHYECKYI0 OCHOBY M TIO3BOJISIET CYIIECTBEHHO YBEIMYHTH BO3MOXKHOCTHU
(hopMUpOBaHHS HCCIEIOBATENBCKIX KOMIETCHIINH OyIylIMX CIEIHaINCTOB
ITyTeM PacHIMPEHHsI TEMATUKU 33aHN TaOOPaTOPHOTO MPaKTHKyMa M0 OCHOBaM
TPHOOJIOTUU U APYTHX MPOPUILTHPYIOMINX AUCIUTLTIH.

KuaroueBbie ciioBa: oOydeHue, (HM3MUECKHE OCHOBBI TPHOOIOTHH, OyTyITHE
CHELUHUAUCTBI, MpOopEeCcCHOHaNbHAs KOMIIETEHTHOCTh, MPOEKTHO-MCCIIEeI0Ba-
TeJIbCKasl IeATeIbHOCTb, TPaKTHYeCcKas padoTa.

Introduction. Currently, one of the main goals of higher education is the
professional and personal development of a specialist and the development of his
competitiveness as a competent specialist (Boiko, 2021). Achieving this goal will
allow an individual to successfully solve the problems of employment, professional
adaptation, socialization in the conditions of the growth of knowledge-intensive
industries. However, teaching physics to students at universities today has no
theoretical justification from the point of view of education focused on the industrial
and technical sphere. In particular, the issues of the need to train future physicists
in the field of tribology and the formation of their professional competencies in this
field have not been resolved.

The concept of tribology is found in all spheres of our life. That is, tribology
is a science that studies and describes contact interaction in the relative motion of
highly deformable bodies, one of the specific areas of physics (Bharat Bhushan
2013).

Tribophysics as a branch of modern physics studies the processes and
phenomena occurring in real systems of bodies (tribosystems), where bodies
contact each other in conditions of mutual displacement. Tribophysics considers
problems of thermodynamics, statistical physics, electrodynamics, kinetics and
others that go beyond mechanics and materials science. The current stage of
development of tribophysics is characterized by a comprehensive approach to the
study and cognition of phenomena of processes occurring on surfaces and in the
surface layers of interacting bodies, the use of highly effective physical, chemical
and mathematical research methods and computer technology (CRC Press, 2020).

Analysis of the results of experimental and theoretical studies has made it
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possible to achieve significant progress in understanding the nature of friction and
wear of various materials under various external conditions and different states of
interacting surfaces (Bougoffa et al., 2021; Guo et al., 2022).

Disciplines on tribology for physics students should be considered as
interdisciplinary, innovative in nature, which aims the graduate to solve modern
and advanced problems of quality development and enhanced properties of modern
technical systems, for example, when performing final qualifying work, as well
as in further professional activity. The study of such disciplines aims to assimilate
students' knowledge of the basics of tribology and tribotechnics so that in practical
work they can assign measures to ensure the durability of friction units of machines
and equipment at the design, manufacture and operation stage. To achieve this goal,
a competence-based approach occupies a special place in training.

Today, the urgent task of world education is to improve the quality of
education, both general and professional. To solve this problem, the goals and
results of education are being rethought, its content is changing and the concept of
“professional competence” is being increasingly used (Bienzobas & Barderas, 2010;
Antera, 2021), which includes such concepts as “qualification”, “professionalism”,
“professional readiness”, etc. The purpose of the competence approach is to
establish a correspondence between the knowledge and skills acquired by university
graduates and the requirements for professional qualities imposed by the labor
market, smoothing the difference between educational and professional activities
(Keindnen & Kairisto-Mertanen, 2019).

There are several definitions of the concept of competence, which formed the
basis of our research. For example, Al jamal, Prabhakar, Saleem, Farley, (2019)
defines competence as the ability to successfully respond to individual or societal
requirements or perform a task. Knyazev, (2021) believes that competence is
an alienated, predetermined requirement for human training. It includes a set of
interrelated personality qualities (knowledge, skills, skills, ways of activity), set in
relation to a certain range of subjects and processes and necessary for high-quality
productive activity in relation to them.

Despite the constant growth of publications devoted to the development of the
competence approach in education, the degree of development of this problem in
the field of teaching natural sciences, in particular physics, is low. There are still
discrepancies in the concept of “competence” and there is also no unified diagnostic
system for the formation of certain competencies and the methodology for their
formation. Despite a number of works devoted to the analysis of the formation of
students' competencies (Tsvetkova M., Saenko N., Levina V., Kondratenko L. &
Khimmataliev D., 2021); this issue is far from being resolved.

Our research is aimed at the formation of research competencies, since the
organization of the educational process, during which the student would have the
ability to explore emerging problems of various kinds, is an important pedagogical
task. These skills are formed in the university during the educational and research
work of students. When performing educational research, students learn to
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independently conduct experiments of one kind or another, apply their knowledge
in solving specific scientific problems. Since the experiment is a very important
and integral part of teaching physics, the presence of research skills among physics
students is a prerequisite for their high professionalism. In this regard, the problem
of forming the research competence of physics students becomes urgent. Therefore,
it is necessary to analyze the concept of "research competence", interpreted by
scientists in different ways. Garay-Argandona, Rodriguez-Vargas, Hernandez,
Carranza-Esteban, Tuero, (2021) research competence means the ability and
research skills related to the analysis and evaluation of scientific material.
Tastanbekova, Abenova, Yessekeshova, Sagaliyeva, Abildina, (2021) in her
research built a model for the formation of students' research competence, which
she based on research competence as a component of value-semantic, personal
self-improvement, social and labor, educational and cognitive, general cultural,
informational, communicative competencies.

Analyzing the above, we can conclude that there are contradictions between
the need for future specialists capable of solving new professional tasks and an
insufficiently developed system of preparation for their solution. Thus, the "research
competence" in this study is understood as a combination of special human qualities
with research and skills, allowing the student to perform laboratory practice at a
high level.

Onipko & Sherstiuk, (2020); Anti, Kuswanto, Mundilarto, Rosa, (2019); Cheng,
Tong & Tai, (2022); Bakhytkul, (2018) and other scientists have proposed methods
for the formation of research skills in the framework of a laboratory workshop. A
number of works are devoted to the methodology of organizing educational and
research activities during laboratory work as a form of quasi-professional activity,
including the use of "non-standard" materials.

Despite the considerable interest of researchers in the forms of organization and
content of the laboratory workshop in physics, the question of its implementation
in the courses has not been studied enough. The study of the process of teaching
physics in higher school, the survey of students of VSU and MKTU teachers and
their own experience of pedagogical activity allowed to reveal contradictions
between:

- the need for high-quality training of future specialists to solve the problems of
research activities and underestimation of the possibilities of forming their research
competencies not only in courses, in particular, in the framework of a laboratory
workshop on tribology;

- the potential possibilities of the tribology laboratory workshop and the
insufficient development of its content and methodology for the formation of
research of each physics student;

- the need to diagnose the formation of research competencies of physics
students and the uncertainty of their structural composition.

Thus, the problem of research is to find the answer to the questions:
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- what are the possibilities of a laboratory workshop in general physics for the
formation of research competencies of physics students in junior courses?

- what are the contents, methods and means of a laboratory workshop in
general physics that contribute to the formation of research competencies for all
undergraduate physics students?

- what should be the diagnosis of the formation of research competencies of a
physics student?

Methods and materials. The following methods were used in the course of the
research: analytical and synthetic consideration of philosophical, psychological,
pedagogical, methodological literature, dissertations, scientific publications
and normative documents devoted to the problem of research; observation,
interviewing, questioning, generalization of positive teaching experience; modeling
of the educational process, abstraction; pedagogical experiment; processing of the
results of pedagogical experiment by methods of mathematical statistics; method
of reconstruction of pedagogical experience; analysis and generalization of
experimental work.

The study of the problem was carried out in three stages: The ascertaining
pedagogical experiment at the educational institution "International Kazakh-
Turkish University named after H.A. Yassavi" and "East Kazakhstan University
named after S. Amanzholov" was aimed at determining the level of formation of
research competencies of physics students at different levels of education, as well
as the search for means and methods to increase the level of formation of research
competencies of junior physics students. At different stages, 15 teachers and 437
physics students of the 3rd and 4th courses took part in the pedagogical experiment.

During the ascertaining experiment, the following tasks were solved: determining
the level of formation of research competencies of future physics teachers;
determining the degree of readiness of senior students for independent research
work. When conducting a ascertaining pedagogical experiment, the following
methods were mainly used: attending laboratory practice classes and specialization
disciplines, talking with leading teachers, questioning teachers and students,
filling out diagnostic cards and student self-development cards, conducting control
sections.

The search pedagogical experiment was carried out in order to clarify the
hypothesis put forward, to select effective methods, forms, means of forming research
competencies and to search for optimal diagnostics of research competencies.

During the search experiment, the following tasks were solved:

- approbation and verification of the developed creative tasks for mini-studies,
clarification of the methodology and technique of their implementation;

- selection and verification of the effectiveness of diagnostics of the formation
of various levels of research competencies;

The level of formation of students' research competencies was determined by
the results of a series of control sections, questionnaire analysis, and evaluation of
special seminars.
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The next stage of our research was a formative pedagogical experiment, the
purpose of which was to confirm the hypothesis of the study.

The experiment lasted four years: from 2018 to 2021.

During the formative experiment, the following task was solved: to test
the effectiveness of the developed methodology for the formation of research
competencies of undergraduate physics students in the framework of a laboratory
workshop (using mini-studies).

The levels of formation of research competencies of undergraduate physics
students were determined by the results of a series of control sections, questionnaires,
seminars, analysis of diagnostic charts.

Results. Within the framework of our research, based on the study of the
practical side of the problem under consideration, 4 main components of the
professional research activity of a bachelor of physics are identified: planning and
organizational; diagnostic and prognostic; inventive and rationalizing; experimental
and measuring. The analysis of psychological and pedagogical literature and the
selected components made it possible to systematize the research competencies of
the Bachelor of Physics (Figure 1).

g g - knowledge of the methodological foundations of research work and scientific
/ s modeling;
E = - possession of experience in scientific and bibliographic works, annotation,
= 5 abstracting;
°© - knowledge of information technologies for the formation and processing of
research data arrays;
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Figure 1. Bachelor's research competencies-Physics

The educational program of higher professional education highlights general
cultural (OK) and professional competencies (PC), which must be formed by
bachelors in the direction of 6B01510 and 6B05348 - physics.

When starting to study the research competencies of physics students, we took
into account that by this time a certain level of research competencies had already
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been formed at school and in the first year of the university. The measurement of this
level, as well as its change during the pedagogical experiment, must be carried out
on the basis of established indicators. It turned out to be rational to distinguish three
levels of formation of research competencies: "low", "medium", and "high". The
indicators on the basis of which it is possible to determine the levels of formation
of research competencies are presented in Table 1.

Table 1 — The level of formation of research competencies

Indicators The level of formation of research competencies
Low Medium High
positive motivation for occupation by manifestation of | manifestation of active
research activities in the necessity, unstable interest, turning
field of tribology without interest interest into a hobby

sustained interest in
working with scientific
sources of information on
the physical foundations of
tribology

lack of independent
interest in sources

containing scientific
information; work
with the proposed

scientific information

manifestation of
unstable interest
in sources of
scientific information;
search for necessary
information with
some help

showing a steady
interest in sources of
scientific information;
independent
search for necessary
information

activity in the search
and solution of research

conducting research
and solving research

conducting research
and solving research

conducting research
and solving research

activity on the physical
foundations of tribology

problems of tribology problems under the problems with the problems
guidance of a teacher | partial assistance of a independently
teacher
conscious and rational the sequence is the sequence is not performing
implementation chaotic, not rational well thought out all operations
of the stages of research consistently,

thoughtfully, rationally

Competent analysis of
the results of laboratory
work in the course of
tribological processes

lack of analysis of
the solution and
the result obtained

a superficial analysis
of the solution and
the result obtained

in-depth analysis of
the solution and
the result obtained

Perseverance when
performing operations
with installations in the
laboratory

the search for a
solution can easily
be interrupted

finding the only
solution, inability to
find an alternative
solution

dissatisfaction with the
result obtained, search
for new solutions

competent and logical
presentation and protection

presentation and
protection of the

the presentation and
protection of the

independent competent
and logical

connect the future with
the field of tribology
profession with research
activities

activity is associated
with the fulfillment
of the circle of
designated duties

link the future
profession with
research activities

of the results obtained obtained obtained presentation and
in determining the results is carried out | results is carried out protection
tribological characteristics | under the guidance with the partial of the results obtained
of materials of a teacher help of a teacher
constant striving to future  professional | the desire to partially | A steady desire to link

his profession
with research activities
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To determine the level of formation of students' research competencies,
diagnostic tasks were developed, the formulation of which is divided into three
levels. The tasks of the first level are the most difficult. They only indicate the
problem. For second-level tasks, the problem remains the same, only the wording
has been changed so that it contains hints.

The third level of tasks is simplified as much as possible, its formulation contains
even more hints, but elements of creativity are still present in it. The following
requirements were imposed on the tasks: accessibility to students of this stage of
study, equivalence of options, availability of devices and materials when performing
tasks, availability of necessary literature, ease of performing experiments, the ability
to do work in one lesson (50 minutes). The division into three levels of formation
of research competencies is based on the degree of independence of performing a
diagnostic task.

High level - the student independently performs a creative task of the first level
of complexity, does not use help cards to complete the task.

Intermediate level - the student performs a task of the second level of complexity,
uses one or two help cards to complete the task.

Low level - the student performs a task of the third level of difficulty, when
completing the task, he uses more than two help cards.

Here is an example of creative tasks using non-standard materials.

We have developed tasks that use a liquid magnetizing medium - a magnetic
liquid. Senior students in classes in the discipline of specialization study various
properties of this unique, widely used in various fields of engineering and
tribophysics. Therefore, it is useful to introduce them to some of its properties in
advance.

Here is a methodology for using creative tasks with the use of MF in the
framework of a laboratory workshop. First of all, it is necessary to conduct an
excursion to the scientific laboratory of "Physics of Magnetic Phenomena". To talk
about the properties of magnetic fluid, the fields of application of magnetic fluid, to
accompany interesting presentations of problems of electrodynamics - one of the
considered problems of tribophysics.

To acquaint with the scientific literature available at the department and in
the library of the university concerning the problems related to MJ. It is useful to
visit, together with junior students, the research center "Surface Engineering and
Tribology" created at the S. Amanzholov East Kazakhstan University. Here are
examples of creative tasks using magnetic fluid.

For example, after completing the laboratory work "Domain structure of a
ferromagnet", it is proposed to perform the following task:

Task 1. The first level of complexity: to investigate the influence of the magnitude
of the intensity of the external magnetic field directed perpendicular to the layer of
a two-phase magnetic fluid on the dimensional parameters of the labyrinth and
hexagonal structures arising in the magnetic field.

To complete this task, the student must: 1. having studied the scientific
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literature, to identify the conditions for the formation of labyrinthine and hexagonal
structures; 2. to develop an experiment plan; 3. to select the necessary devices; 4.
from the proposed variants of the magnetic fluid to choose a suitable sample - a two-
phase magnetic fluid; 5. to think about how to create and measure a homogeneous
magnetic field directed perpendicular to the sample layer; 6. to think over ways to
reduce errors; 7. to measure and process the results; 8. to conclude, present and
protect the results obtained.

The second level of complexity: to investigate the effect of the intensity of the
external magnetic field directed perpendicular to the layer of a two-phase magnetic
fluid on the dimensional parameters of the labyrinth and hexagonal structures
arising in the magnetic field using a microscope with an ocular micrometer and
Helmholtz coils.

With this formulation of the task, the student will not have to independently select
the necessary equipment, which can help him in completing the task. However,
he must independently: 1. determine the price of dividing an ocular micrometer
by one of the known methods (for example, using a diffraction grating); 2. using
a microscope, find a two-phase magnetic fluid; 3. calibrate Helmholtz coils, for
example, using a teslameter; 4. obtain structures whose dimensional parameters
are small, and find a way to measure their linear dimensions, the error of which
is minimal. For example, by measuring the total linear size of several periodic
structures, divide by their number. Figure 2 shows photos of labyrinth structures
obtained by students while performing this task.

UGS,

Figure 2. The labyrinth structure obtained by students when performing the task

The third level of complexity; to observe qualitatively the influence of the
magnitude of the intensity of the external magnetic field directed perpendicular
to the layer of a two-phase magnetic fluid on the dimensional parameters of the
labyrinth and hexagonal structures arising in the magnetic field.

When solving a task of the third level of complexity, the student needs to fix
the qualitative influence of the magnitude of the magnetic field on the size of the
emerging labyrinth and hexagonal structures. To do this, you need: 1. Observe a
two-phase magnetic liquid with a microscope; 2. Create a magnetic field using
Helmbholtz coils, the induction of which is directed perpendicular to the sample
layer; 3. By changing the magnitude of the external magnetic field, observe the
change in the dimensional parameters of labyrinth and hexagonal structures. 4.
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Draw conclusions, present the results and explain the observed phenomenon. Such
tasks are very interesting, students are happy to do them. They contribute to the
development of research competencies regardless of abilities.

Help cards. It is not always possible to formulate a creative task in three levels
of complexity. In such cases, students may be offered help cards in turn, which help
to find the right solution. Tasks with help cards differ from multi-level tasks in that
they are simpler. The help card is not a solution algorithm, but rather an indirect
hint (of a creative nature). It is necessary that the help card be offered to the student
on time, not too early or too late, otherwise interest in solving the creative task may
be lost. Therefore, it is necessary for the teacher, having completed each task in
advance, to carefully consider the actions of the student and make suggestive hints
that do not give a direct answer, so that the task is simplified, but remains creative.
If a student has proposed a solution that differs from the teacher's solution, it must
be carefully considered, if it is incorrect, impossible in laboratory conditions or
technically cumbersome, invite the student to think about a more rational solution.
If the student's idea deserves attention, discuss the details of the solution and give
the student the opportunity to bring the solution to the end.

The work of students was checked by both teachers leading the disciplines of
specialization and leading classes in laboratory practice. The purpose of the double
check is to reduce the possible subjectivity in assessing the level of formation of
research competencies. The control and experimental groups contained the same
number of students.

The results of the input control section conducted among the second-year
students in the experimental and control groups are presented in Table 2.

Table 2 — Results of the control section of the second year students (entrance section)

Task The level of formation of research competencies, %
number | Level I (high) Level II (medium) Level II1 (low)
Control group | Experimental | Control |Experimental | Control Experimental
group Group group Group group

1 10,3 8,6 39,5 40,6 50,2 50,8

2 9,5 9,7 44,5 47,2 46,0 43,1

3 11,3 10,7 53,2 57,3 35,5 32,0

4 9,2 9,5 49,5 39,4 41,3 51,1

To evaluate the results of the formation of research competencies of physics
students, the X? criterion was used, which allows comparing not the absolute average
values of some quantities before and after the experiment, but the percentage
distributions of data.

The formula of the X>—criterion looks like this:

m
2 = 1 Z (n;05q — nk0;1)?
njnk )

rje
Okl + Oj]
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nj — is the number of students in the experimental group,
nk— is the number of students in the control group,
Oxl— the number of control group students who fell into category I,

0ji— is the number of students of the experimental group who fell into category i,

m— is the total number of groups into which the results of the experiment were
divided. In our case, n is equal to 3, because we compared high, medium and low
levels of formation of research skills.

The criterion allows us to test the null hypothesis about the reliability of the
coincidence of the initial level of formation of research competencies in the
experimental and control groups. Table 3 shows the data obtained when calculating
the X? criterion.

Table 3 — X>— CRITERION (input section)

Task number X2 — criteria
1 0,98

2 0,012

3 0,55

4 224

The critical value of the criterion for the significance level p = 0.05 and the
number of degrees of freedom v = 2. Thus is inconsistent, the difference in the
results in the experimental and control groups at the initial stage of the experiment
is not statistically significant. Prior to the experiment, no statistically significant
differences were found between the control and experimental groups of students.

The analysis of the results of the control cross-section conducted among the
second-year students allowed us to draw the following conclusions:

* 42.5% (control group), 43.1% (experimental group) of subjects showed a low
level of research competencies formed during their studies at school and in the first
year of university; average level — 47.3% (control group) 46.8% (experimental
group) of subjects; high level - 10.2% (control group),10,1% (experimental group)
of subjects;

Thus, the ascertaining experiment revealed:

» insufficiently high level of formation of research

competencies among junior, senior and graduate students;

* the traditional method of conducting a physical workshop is insufficient for the
formation of a high level of research competencies.

The next stage of our research was a formative pedagogical experiment. During
the formative experiment, the following task was solved: to test the effectiveness
of the developed methodology for the formation of research competencies of
undergraduate physics students in the framework of a laboratory workshop (using
mini-studies). The levels of formation of research competencies of undergraduate
physics students were determined by the results of a series of control sections,
questionnaires. The results of the control section carried out after the experiment
for 2nd-year physics students are presented in Table 4.

148



Reports of the Academy of Sciences of the Republic of Kazakhstan

Table 4 — Results of the control section of the second-year students (after the experiment).

The level of formation of research competencies, %

Task Level I (high) Level II (medium) Level III (low)

number | Control Experimental | Control Experimental | Control group | Experimental
group group group group Group

1 15,7 18,1 41,5 48,6 42,8 33,3

2 13,5 16,0 49,7 57,2 36,8 26,8

3 18,4 21,8 57,6 66,3 24 11,9

4 12,9 15,2 51,5 59,5 35,6 253

The data obtained during the calculation of the X? criterion are presented in Table 5.

Table 5 — X>— CRITERION (2nd course)

Task number X2— criteria
1 6,25
2 6,33
3 6,10
4 6,13

As a result of statistical processing of the slice carried out at the control stage
of the pedagogical experiment, the value of the X? - criterion equal to 6.18 was
obtained. Since the results obtained during the experiment indicate significant
differences between the samples, i.e. the proposed methodology contributes to
improving the level of formed research competencies of students.

60

Before the experiment
50 ey Control group

40 Before the experniment
Experimental group
30
After the experiment
Experimental group

After the experiment

10 . m Control group

I-level 11 - level III - level
(high) (medium) (low)

Figure 3. Dynamics of the formation of research competencies (according to the 1st task)

The results obtained allow us to conclude that the experimental group, even
with further training, shows a higher level of formation of the Bachelor of Physics
research competencies than the control group. Repeating the comparative diagnosis
several times, as a result of which similar results were obtained, enhances the
reliability of the results obtained.

Discussion. Galustyan, Borozdin, Pleshakov, Askhadulina, Radchenko, (2020)
under research competence means the abilities and research skills related to the
analysis and evaluation of scientific material. Thus, "research competence" in this
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study is understood as a combination of special human qualities with research skills
that allows an individual to perform any type of research activity at a high level.

In our study, we adhere to the opinion of Amirova, (2020) who believes that
when designing students' research activities, the model and methodology of research
developed and adopted in the field of science over the past few centuries is taken
as the basis. This model is characterized by the presence of several standard stages
present in any scientific research, regardless of the subject area in which it develops.
At the same time, the main purpose of educational research, from a functional point
of view, is fundamentally different from that in the field of science. In the field of
science, the main goal is the production of new knowledge in a general cultural
meaning, and in education, the goal of research activity is to acquire students a
functional research skill as a universal way of mastering reality through increasing
motivation for learning activities and activating the student's personal position in
the educational process, the basis of which is the acquisition of subjectively new
knowledge (i.e. independently acquired knowledge, which are new and personally
significant for a particular student) (Leonard & Wibawa, 2020).

The main method of teaching the experience of creative activity, as a result of
which, in our opinion, the formation of research competencies is most effective, is
the research method. However, 1.Ya. Lerner emphasizes that in accordance with the
law of piecemeal assimilation of any new and complex content of the experience of
creative activity can be assimilated only piecemeal and operationally.

Nacu, Martin, & Pinkard, (2018) proposed a transition from a research method to
a heuristic one, which, in our opinion, is most suitable for the formation of research
competencies of undergraduate physics students and is taken by us as a basis. It
consists in the following: "Students' difficulties in solving a problem problem are
overcome by dividing it into a series of subtasks, replacing a complex task with a
similar, but simpler one, in order to then return to the first one."

The analysis of literature and educational practice led to the conclusion that the
purposeful formation of students' research competencies is not given due attention.

In previous works, a reliable understanding of the complexity and patterns
of the general learning experience of physics students was developed through a
combination of a contextual model of competence formation, categories of random
competencies and student accounts that form narrative trajectories through learning
(Schneider, 2019; Savrasova-V'un, 2021). Our study examines these results from
the point of view of their significance for education in the field of tribology.

Conclusion. Research competencies of undergraduate physics students as a
special personality trait, representing a balanced combination of stable motivation
to conduct physical research and the ability to perform research work using
physical methods, it is advisable and possible to form, using mini-studies as part
of a laboratory workshop in general physics.The organization of such mini-studies
increases the level of formation of research competencies of physics students of
junior courses and prepares them for independent research work at the senior
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courses of the university. As a result, this increases the level of formation of research
competencies of university graduates (Magaji, 2021).

The structural composition of the bachelor's research competencies- physics and
indicators of their formation are revealed: positive motivation for research activities;
sustained interest in working with sources of scientific information; activity in
finding and solving research problems; conscious and rational implementation of
the stages of research activities; competent analysis of research results; reasonable
determination of the place and meaning of the result; competent and logical
presentation and protection of the results obtained; a steady desire to link the
future profession with research activities. The revealed structural composition and
indicators of research competencies made it possible to develop diagnostics of the
process of their formation in physics students.

The results obtained allow us to conclude that the organization of mini-
studies in combination with reproductive methods within the framework of a
laboratory workshop in physics contributes to the effective formation of research
competencies of undergraduate physics students and, as a result, the formation of
bachelor-physicists, which fully corresponds to the modern ideology of higher
professional education. The methodology has been introduced into the educational
East Kazakhstan University named after S. Amanzholov, as well as (partially) into
the educational process of the International Kazakh-Turkish University named after
H.A. Yassavi.
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