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Methodical foundations of the use of project-based technologies in teaching
physics to students of technical specialties of higher education institutions

The presented work is devoted to the issues of using project technologies of training in higher education
institution based on information technology. The training of highly qualified competitive specialists is the
main task for all higher educational institutions. In other words, a graduate of a higher educational institu-
tion should design highly efficient, technically advanced engineering systems, analyze the effectiveness
of a project in comparison with other projects. The question arises of how to prepare such a specialist
in the conditions when the current educational system often lags behind the processes taking place in
the global space. Inthis regard, the authors attach special importance to mini-projects that can be
carried out in a short time, while these projects build students' skills such as group work, teamwork
management, project reporting, design and research skills. The paper also proposes a general structure of
the educational project for one semester. This describes the experience of using the computer program
Electronics Workbench version 512 in teaching physics to students of technical specialties. The questions
of the effectiveness of innovative creativity of students in the performance of tasks of the mini-project in
the course of physics are considered on the example of the simulation of the operation of oscillatory cir-
cuits — serial and parallel.

Keywords: project-based training technology, educational project, serial oscillation circuit, parallel
oscillation circuit, resonance.

Introduction

The bachelor in the technical field needs to not only possess professional knowledge and skills in its
field, but also to have professional competence in design and management activities, that is, be able to ap-
ply knowledge and design methods and project management elements when solving professional prob-
lems. The attitude to the future specialty is largely determined by the nature of the educational work in
which future professional activity must be modeled in a certain way.

Therefore, for the successful formation of bachelors’ professional competence, project-based training
is the most suitable technology. The basis of this technology is the development of cognitive, creative
skills, the ability to independently construct their knowledge, the ability to navigate in the information
space, the development of critical thinking.

Main part

Currently, training in higher education involves the wide use of innovative educational technologies:
credit, modular, design, problem, etc., which act as methodological foundations of the educational process
in a modern university. The idea of project-based training is becoming increasingly popular in the univer-
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sity environment. Many authors are developing project models of teaching at the university, which involve
the technology of project-based training and building individual trajectories [1, 2].

The project technology is based on the theoretical concepts of «pragmatic pedagogy», which was
founded by the eminent American philosopher and educator John Dewey (1859-1952). According to his
theory, true and valuable is only that which is useful to people, which gives practical results and is di-
rected to the benefit of the whole society. The main provisions of J. Dewey’s theory look as follows:

— in ontogenesis, the child follows the mankind path in cognition development;

— the assimilation of knowledge is a spontaneous uncontrollable process;

— for the assimilation of knowledge, students should be exposed to problem-solving tasks that are real

life and meaningful for him;

— training should be conducted through the students’ appropriate cognitive and project-based activi-

ties, consistent with their personal interests;

—the child learns the material, not just while listening or perceiving the senses, but also due to his

need for knowledge.

In natural science undergraduate programs, laboratory work in the general course and special sections
of physics plays a very important role. The main idea of laboratory work is the unity of theoretical and
practical knowledge, the development of research skills, and the ability to demonstrate acquired
knowledge while doing laboratory work. Nevertheless, researchers consider that the traditional method of
laboratory work set uphas a number of didactic imperfections. They are as follows: when performing and
defending laboratory works, the students do not work independently; the exchange of research results is
only between two students, that is, the participants in the laboratory class are isolated [3]; the requirements
for the preparation of various categories of graduates are not fulfilled [4]. In this regard, the authors pro-
pose the following solutions to this didactic problem — the use of elements of design training technology in
the organization of frontal works; conducting a multi-level laboratory workshop using the project-based
method.

The concepts and laws of physics studied in the logic of other training courses are not foreign to their
conceptual system and cannot be perceived as secondary. It can also be argued that teaching physics is a
basic component of the content of the preparation of a future engineer, economist, physics teacher, etc.
This means that the following didactic formula applies to it: every basic component of education, for ex-
ample, as a composite physical practicum, is included in the content of education as a special didactic tool,
and not as «additives» in separate chapters and sections. And in this regard, the question arises about how
to improve the concept. That is, the improvement on the basis of computer technologies of teaching meth-
ods in traditional disciplines of subject preparation of the future engineer based on the internal and exter-
nal level of coordination of the fundamental and general disciplines of technical specialties of a higher ed-
ucational institution (physics, chemistry, computer science, mathematics, foreign language, economics,
etc.). The internal level is understood as the coordination of separate sections, symbolic designations, the
contents of work programs. The external level of coordination contains the psychological and didactic as-
pects of choosing one or another approach to learning (problem-oriented, project-oriented, context-
sensitive, etc.) [5]. The use of computer applications, technologies not only contributes to a more complete
implementation of the fundamental goals of these disciplines, but also leads to a more complete and in-
depth analysis of physical phenomena and understanding of physics and, in essence, changes the content
of training.

Laboratory works are an effective environment for implementing the technology of project-based
teaching physics in technical specialties of a higher educational institution. Their use contributes to the
formation of a sustainable engineer methodologically motivated and oriented interest in teaching physics,
the ability to reclaim and use its scientific content as a methodological experimental and technological
means of innovative engineering activity. Despite the high significance of the problem, its comprehensive
solution does not exist until now. The organization of a methodological orientation of the educational pro-
cess in physics is required in that part that concerns the support of an experiment that substantially ex-
pands the scope of training and educational research of students.
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V. Larionov and A. Leader in their works argue that the combination of virtual and real experiment and
simulation in a physical workshop is the main element of the project activity and is necessary in the educa-
tional laboratory of the new generation educational laboratory in physics [6]. Taking into account the specif-
ics of a technical specialty when teaching students in physics, which lasts for 2 semesters, educational pro-
jects can be compiled on topics that form the professional competencies of the future engineer. The number
of participants in mini-projects may consist of 3-5 students. Students themselves can choose the group where
they would like to work together and carry out the project. Of course, the teacher, given the abilities of each
participant, can make changes in mini-groups. The purpose of the educational project is to create conditions
under which students, working in various mini-groups, develop:

— communication skills;

— problem-solving skills;

— the skill of finding information from various sources [7];

—research skills, which include such issues as identifying problems, collecting information, observing,

conducting experiments, analyzing, building hypotheses, generalizing);

— systems thinking skills.

In this regard, we propose a general structure of the educational project (Fig. 1).

The use of design technologies with the use of information technologies in teaching physics is given in
the works of N. Shiyan, 1. Kiseleva, O. Alykova, and others [8—10].

Using this structure of the mini-project, various works were performed by students of the specialty In-
strument Making and Information Systems. Let us show one example on the topic «Oscillatory circuit. Free
and forced electromagnetic oscillations. Resonance». Electronics Workbench system was used as an applica-
tion program. With the help of the Electronics Workbench system, students developed a virtual model of the
operation of oscillatory circuits — serial and parallel type [11].

The scheme for determining the amplitude-frequency characteristic of a parallel circuit is shown in Figure 2.
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Figure 2. The scheme of obtaining the amplitude-frequency response of the serial
circuit and the amplitude-frequency response of the serial oscillating circuit

The quality factor and the resonant frequency of the serial circuit with the parameters shown in the diagram:
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The diagram for determining the amplitude-frequency characteristic of a parallel circuit is shown in
Figure 3. Quality factor and resonant frequency of the serial circuit with the parameters indicated on the dia-
gram:
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Figure 3. The scheme of obtaining the amplitude-frequency characteristics of the parallel oscillatory circuit

Amplitude-frequency characteristic of a parallel circuit on the screen of a virtual oscilloscope is ob-
tained (Fig. 4).
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Figure 4. Amplitude-frequency characteristic of the parallel circuit

Conclusion

Thus, the student, working in the information system of modeling Electronics Workbench and showing
innovative creativity in the design and modeling of the principle of operation of various electrical circuits,
shows sufficient performance of the mini-project.

Of course, at the laboratory work it is impossible to develop a full educational project. Therefore, clas-
ses are conducted as full-scale laboratory work, the results of which are used in the implementation of the
educational project for comparison with the results obtained on virtual instruments. At the laboratory work,
the main methodological guidelines are provided for the educational projects.The main part of the mini-
project is performed during the tutorial.
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A.b. HckakoBa, A.K. Kaupbaesa

7KoGaJbIK TEXHOJIOTUSJIAPABI KO0-HbIH TEXHUKAJIBIK MAaMaHAbIKTAPbIHIA OLTiM
aJIaThIH CTyJeHTTepre (PU3NKaHbI OKBITY1a KOJIAHYAbIH dicTeMeJIiK Heri3aepi

Makxasna »oFaprbl OKYy OPHBIH/IA )KO0AJIBIK TEXHOIOTHSUIAP/IbI AKIAPATTHIK TEXHOJIOTHSIAP HEeTi3iHAe KOoJiany
Macenenepine apuanrad. Ka3ipri yakpITTa )orapbIOinikTi, 6acekere KadineTTi MaMaHIap/pl Jasipiiay OapIibik,
JKOFapFbl OKY OPBIHIAPHIHBIH ¢H 0acThl MIHIETTEpiHIH Oipi 0ok TaObuIaabl. backamia aliTkaHma, KOFapFbI
OKY OPHBIHBIH TYJIEri THIMJIUITI JKOFapbl TEXHUKAJBIK JKaFbIHAH MIHCI3 OOJATHIH MHXEHEPIK KyHenepal
xobanaif, >ko6aHbIH Oacka sko0aTapMeH CabICTRIPFaHaFs! THIMAIITIHE Tanaay skacaii 6imy kepek. OcbHIal
MaMaH/apbl Kajail Jaspray KepeKTiri »kaiiel cypak TybiHmaiapl. Con cebenti aBTOpiap KbICKa yakbIT
apaJIbIFBIH/IA JKYPTi3yre OoslaThiH, MUHIKOOAIAPIBIH HETI3ri epeKienikTepine aca koHin 6enai. CoHbIMEH
KaTap aBTOpPJap YCHIHBUIBII OTBIPFAaH >XOOAIap[blH CTYICHTTEpAiH OOMbIHAA TONITa KYMBIC )Kacail Oiiy,
YKBIMIBIK TONTHl Oackapa Oiny, >ko0aHbIH eceOiH maiibiHAail Oury, KOOANBIK-3epTTEYIILUTIK iC-9peKeT
JaFIbUIapbIH KAJIBIITACTBIPYFa MYMKIH/IK OepeTiH MHHOBALMSIIBIK TEXHOJIOTHSIAPAbIH Oipi eKeHIIr Kailibl
aifransl. bynm xobamapael Oip ceMecTp apaibFbIHAA OpPBIHAAYABIH JKAdIbl KYPBUIBIMBI KENTipiimi.
TexHUKaNIBIK MaMaHIBIKTaphIHAA OLTIM alaThlH CTYAEHTTEpiHe (U3MKaHBI OKBITY OapbichiHma Electronics
Workbench 512 xonmanGansl KOMIBIOTEPIIiK OaFiapiaMachH KOJIJaHyIbIH TOXKIpHOeci KenTipiii.

Kinm ce30ep: ®o0anbIK OKBITY TEXHOJOTHSACHL, OKY >k00achl, Ti30ekTi TepOenMeni KOHTYp, Hapaiienb
TepOenMeni KOHTYp, pE30HAHC.

A.b. Uckakosa, A. K. KaupbaeBa

MeToandecKkne OCHOBBI MCII0JIb30BAHUS MMPOECKTHBIX TEXHOJIOTUH npu
Oﬁy‘lEHI/II/I (l)n3m<e CTYACHTOB TCXHUIECCKUX cnenuaJabHOCTel BYy3a

CraThst IOCBAIIIEHA BONIPOCAM HCIOJIB30BAHUS POEKTHBIX TEXHOJIOTHI 00yUeHNUS B BRICIIEM y4eOHOM 3aBe-
JICHUH Ha OCHOBE MH(OPMALMOHHBIX TEXHOJIOTHH. [IoAroTOBKa BBICOKOKBAIM(UINPOBAHHBIX KOHKYPEHTO-
CHOCOOHBIX CIELHATHCTOB SBISETCS OCHOBHOM 3a1aueil [y BCeX BBICIIMX Y4eOHBIX 3aBeneHHU. pyrumu
CJIOBaMH, BBIITYCKHUK BBICIIETO y4eOHOTO 3aBEICHHUS JODKEH NPOEKTUPOBATH BHICOKOA()(EKTHBHbIE, TEXHHU-
YEeCKH COBEPILICHHBIC MHXXCHEPHBIC CHCTEMBbI, aHAIM3UPOBaTh 3()(HEKTHBHOCT NPOEKTa B CPABHEHHUH C IPY-
TrUMU IIpoeKTaMu. Bo3HuKaeT Bonpoc 0 TOM, Kak HOATOTOBUTh TAKOIO CIELUAINCTa B YCIOBUAX, KOTJa Aei-
CTBYIOIIAs cUcTeMa 00pa30BaHMs HEPEIKO OTCTAET OT HPOLECCOB, IPOUCXOASAIINX B MHPOBOM IIPOCTPAHCTBE.
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B cBsA31 ¢ 3TUM aBTOPEI yAETAIOT 0c000€ 3HaUEHHE HA MUHUIIPOEKTHI, KOTOPhIE MOXKHO MPOBOAUTH 33 KOPOT-
KO€ BpeMs, TIPH 3TOM 3T NPOEKTHI (POPMHUPYIOT y CTYACHTOB TaKHe HABBIKH, Kak paboTa B IpyIIe, ynpasie-
HHE KOJUIEKTUBHON paboTOM, cOCTaBIeHHE OTUETA MPOEKTa, HABBIKH NIPOEKTHO-UCCIEA0BATENLCKON AEATENb-
HocTH. Taroke B paboTe mpeyIoxkKeHa o0mast CTPYKTypa MPOBEJCHHUs yIeOHOTO IPOSKTa Ha MPOTSHKCHUH Of-
HOTO cemecTpa. [IpyM 5TOM ONHUCHIBAaeTCS ONBIT HCIOJIB30BaHUS KOMIBIOTEpHOHW mporpammsl Electronics
Workbench Bepcun 512 B 00y4deHun (u3MKe CTyJEHTOB TEXHHYECKUX ClienuaabHocTed. PaccMoTpeHs! Bo-
TIpockl 3P PEKTHBHOCT MHHOBAIMOHHOTO TBOPYECTBA CTYACHTOB IIPU BHIIOJHEHHUHU 3aJlaHUH MUHUIIPOEKTA
no aucuumnHe «@Pusnka» Ha MpUMepe MOAEIUPOBaHUS PabOThI KOJIEOATENBHBIX KOHTYPOB — IOCIEI0Ba-
TENBHOTO Y MapaielbHOr0 TUIIOB.

Kniouesvie cnosa: TEXHOIOTUS IPOEKTHOTO 00yUYEHHs, yueOHBIH MPOEKT, MOCIEA0BATENbHBIN KoneOaTenbHbIH
KOHTYp, apaJuIeNbHbINA KoJeOaTeabHbIN KOHTYD, PE30HAHC.

References

1 Dvoretzsky, S. (2003). Formirovanie proektnoi kultury [Formation of project culture]. Higher Education in Russia, No. 4,
15-22 [in Russian].

2 Ilyin, G. (2001). Proektivnoe obrazovanie i stanovlenie lichnosti [Projective education and the formation of personality].
Higher Education in Russia, no. 4, 85-92 [in Russian].

3 Starodubtzov, V.A. (2012). Laboratornyi praktikum po kursu fiziki kak proektnaia obuchaiushchaia sreda [Laboratory Work-
shop on Physics as a Project Learning Environment]. Vestnik THPU — Bulletin of Tomsk State pedagogical university 4, 151-154
[in Russian].

4 Maslova, Yu., Rumbeshta, E., & Kokhanenko, A. (2015). Professionalnaia podhotovka studentov radiofizicheskoho fakulteta
v ramkakh laboratornoho kompleksa «Volokonno-opticheskie linii sviazi» [Professional training of students of the Faculty of Radio
Physics in the framework of the laboratory complex «Fiber-optical communication lines»l. Vestnik THPU — Bulletin of Tomsk State
pedagogical university, No. 8, 120—125. Retrieved from https://elibrary.ru/item.asp? id=24075535 [in Russian].

5 Larionov, V., Pisarenko, S., & Leder, A. (2007). Laboratorno-proektnye raboty v sisteme fizicheskoho praktikuma
tekhnicheskikh universitetov [Laboratory and design work in the system of physical practicum of technical universities]. Physical
education in universities, Vol. 13, No. 2, 69-77. Retrieved from https://elibrary.ru/item.asp? id=9935952 [in Russian].

6 Larionov, V., & Leder A. (2013). Sozdanie universalnoho standarta dlia vypolneniia proektno-orientirovannykh
laboratornykh rabot po fizike [Creating a universal standard for performing design-oriented laboratory work in physics]. Basic re-
search, No. 6, 985-989. Retrieved from https://elibrary.ru/item.asp? id=19043030 [in Russian].

7 Zainullina, F. (2016). Proektnyi metod obucheniia v formirovanii motivatsii obrazovatelnoho protsessa studentov [Project
training method in shaping the motivation of the educational process of students]. Vestnik KAZHUKI — Bulletin of Kazan State Uni-
versity of culture and arst, No. 4, 164-166 [in Russian].

8 Shiyan, N.V. (2005). Sistemnye izmeneniia obuchenia fizike v usloviiiakh obnovleniia obshcheho obrazovaniia [Systemic
changes in teaching physics in the context of updating general education]. Doctor’s thesis. Saint-Petersburg [in Russian].

9 Kiseleva, I.A. (2011). Razvitie poznavatelnoho interesa studentov na osnove klasternoho podkhoda v proektnoi deiatelnosti
[Development of students' cognitive interest based on a cluster approach in project activities]. Candidate’s thesis. Tambov [in Rus-
sian].

10 Alykova, O.M., Likhter, AM., & Smirnov V.V. (2013). Proektnyi metod kak sredstvo podhotovki k budushchei
professionalnoi deiatelnosti [Project method as a means of preparing for future professional activities]. News of the Russian Academy
of Sciences. Physical series, No. 10, 1499-1502. Retrieved from https://doi.org/10.7868/S0367676513100037 [in Russian].

11 Godse, A.P. & Bakshi, U.A. (2010). Electronic Cicuits — II. India: Technical Publications. ISBN 9788184317688.

Cepusi «dunsukay. Ne 3(95)/2019 77





