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Training future physics teachers to develop critical thinking of
students

Abstract. Training future teachers of Physics for the development of critical thinking of learners
is a key point to properly orientate in their future professional activities, to adapt flexibly in the
world of science, in the new system of education and management, and only the transition to
new information and communication technologies of training can achieve this goal. The aim of
the research was to study the features of critical thinking at students (future physics teachers) in
the conditions of working in a team and to find ways to develop it within the educational process.
The researchers used the following methods: theoretical (analysis, synthesis, classification,
generalization, deduction, induction, analogies, modeling); empirical (observation, survey,
questionnaire, interviewing, conversation); experimental (experiment-ascertaining, forming,
diagnostic), statistical (statistical data processing, qualitative and quantitative analysis of

research results).
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Introduction

“The Strategy for the development of
education in the Republic of Kazakhstan until
2020» defines the development of critical
thinking at future specialists in the conditions of
professional training as a priority task [1].

The most important factor influencing the
implementation of these tasks is training based
on the development of students’ critical thinking.
Because of this, the relevance of the research
topic is primarily dictated by the need to solve
the social problem of educating a well-developed
personality capable of actively working in
various areas of public and state life, science,

and culture. The solution to these complex tasks
depends entirely on the teacher and the quality
of his training. (Bryushinkin V. N. (2003), Koneva
V.S.(2002).

Physics is the fundamental science of nature,
its fundamental nature is that by studying the
simplest and most general properties of the
material world, it also studies very complex
phenomena and objects, establishing universal
laws, the validity of which is confirmed not
only in earthly conditions, but also in the entire
universe.

The current stage of development of all
natural sciences is characterized by a particularly
intensive development of «borderline» sciences
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that occur at the «crossroads» of different
disciplines: radio astronomy, biophysics, physical
chemistry and physics etc., is also crucial for the
development of the dialectical-materialist ideas
about processes and phenomena occurring in
nature, on the General laws of its development
and existence, which is the basis for the formation
of the scientific worldview, i.e., natural-scientific
picture of the world.

Thus, the ways of development of many
Sciences, especially natural ones, and any branch
of modern production are closely intertwined
with Physics. its laws and research methods are
widely used by chemists, biologists, in astronomy,
in courses
engineering, material resistance, in Cybernetics,
in various technological courses, etc.

It is necessary for all mankind to realize the

of heat engineering, electrical

role of natural science in the modern world,
since the development of natural Sciences, in
addition to the above, is the basis of scientific and
technical progress of the entire world civilization,
determining the political, economic, and military
power of any people, any state. Therefore, when
teaching Physics and other natural Sciences, the
development of critical thinking of learners is
extremely necessary and is associated with the
scientific picture of the world.

The authors aim to study the features of critical
thinking at students (future physics teachers) in
the conditions of working in a team and to find
ways to develop it within the educational process.

The Object of research: critical thinking of
learners.

The Subject of research: features of the
development of critical thinking in students
(future teachers) in the educational process of the
University.

Methodology

Various methods were used during the research:
theoretical (analysis, synthesis, classification,
generalization, deduction, induction, analogies,
modeling); empirical (observation, survey,
questionnaire, interviewing, conversation);
experimental (experiment-ascertaining, forming,
diagnostic), statistical (statistical data processing,

qualitative and quantitative analysis of research
results).

The hypothesis of the research was the assumption
that if professional training of future specialists
is organized using interactive teaching methods
aimed at developing their critical thinking and
considering identified features in the conditions
of working in a team, it can help to increase
the level of critical thinking of students in the
educational process of the University.

The scientific novelty of the research consists in
finding a solution to the problem under study
through the development, scientific justification
and experimental verification of a set of interactive
teaching methods aimed at developing students’
critical thinking within the educational process
of the University, based on the identified features
in the conditions of working in a team.

The theoretical significance of the research lies in
the fact that the analysis of the problems of critical
thinking of students in the educational process of
the University; based on the analysis summarizes
the characteristics of the concept of «critical
thinking skills», developed and scientifically
substantiated range of interactive teaching
methods in terms of teamwork of students aimed
at the development of critical thinking.

The practical significance of the research is that
the methodological support for a complex of
interactive teaching methods in the conditions
of teamwork of students aimed at developing
critical thinking has been developed.

We conducted experimental work with
students of the specialty «Training of future
teachers of Physics», «Social pedagogy» of the L.
N. Gumilyov Eurasian National University and
Sh. Ualikhanov Kokshetau State University. The
reliability of the results obtained was ensured
by using a set of methods that correspond to
the subject of the study and the tasks set, and by
combining qualitative and quantitative analysis
of the results.

Results and discussions
Modern psycho-pedagogical research shows

that the problem of studying critical thinking in
learners in the educational process is extremely
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multifaceted (Korzhuev A.V. Popkov V. A,
Ryazanova E. L. (2001), Bakhareva S. (2005).

Each learner uses meanings, ideas, concepts,
analogies, metaphors, models, theories, and
explanations to express the course of their
thoughts, to understand, reason, and manage
their thoughts. It also uses meanings and concepts
to deny, contradict, distort, stereotype, etc.

Critical thinking is defined by the American
Philosophical Association as «a purposeful, self-
regulating that
interpretation, evaluation, and
interactivity, as well as
the obvious, conceptual, methodological, or
contextual considerations on which this judgment
is based»( Ellis A., Lange A.,1997).

D. Klooster in the article « What is critical

judgment culminates in
analysis,

an explanation of

thinking?»in  the
highlights the following parameters of critical
thinking;:

journal «Peremena» [7]

1) critical thinking is independent thinking;

2) information is the starting point, not the
end point, of critical thinking;

3) critical thinking begins with asking
questions and figuring out the problems that
need to be solved;

4) critical thinking tends to make a convincing
argument; critical thinking is social thinking
(Klooster D.,2001).

To effectively solve the problem under
consideration, we consider it appropriate to model
the process of developing critical thinking at students,
bringing this process into a certain system that
should ensure that the maximum possible
efficiency is achieved when implementing this
model.

In our research, we relied on the conclusions
of the authors (Kovalev S.V. (1990), who note that
more correct modeling of pedagogical systems
and their effective use can be facilitated by the

Motivational-purposeful component

Aim:
development of students' critical thinking

Principles of

science, continuity, and consistency, integration, interdisciplinarity, etc.

\

Content-related component

content of education in accordance with with a students' specialty

\d

Activity component

using interactive learning methods in a team-work

environment

¥

Performance-analytical component
Result:

developed critical thinking

Figure 1 - Model of the process of developing students’ critical thinking
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features that distinguish pedagogical systems
from each other: pedagogical goals (upbringing,
education, training, personal development in a
certain direction), the content of education, the
contingent of learners (learners or students),
means, forms, methods, and results.

By modeling the process of developing critical
thinking at students, we mean bringing this
process into a certain structure that can achieve
the maximum possible beneficial effect from the
implementation of this process. Based on the
knowledge of modeling as a method of scientific
knowledge and analysis of pedagogical reality,
we have developed a model of the process of
developing critical thinking at students, which is
presented in this work (figure 1).

The presented model of the process of
developing critical thinking at students reflects
its general structure and consists of the following
main components:

- motivational-purposeful (main goal, tasks, and
principles);

- content (corresponding content)

- activity (implementation technology);

- performance-analytical (results of the process,
their analysis).

1. Motivational-purposeful component is a set
of goals and main motives of the process of
developing critical thinking in students. The
main goal is to develop critical thinking among
students in the educational process of the
University, as well as the development of positive
sustainable motivation that would encourage
them to persistent, systematic work not only
to improve professional knowledge,  skills,
and abilities in the conditions of professional
training, but also to develop critical thinking in
this process.

The analysis of the principles of professional
education allowed us to identify the most
important of them for the development of
students’ critical thinking: scientificity, continuity,
systematicity, interdisciplinarity, integration, etc.:

- the principle of scientificity;

- principle of continuity;

- the principle of consistency;

- the principle of integration;

- the principle of interdisciplinarity.

2. The content component of the process is a
set of professional knowledge, skills, abilities
and skills, as well as a certain level of theoretical
and practical educational activities of future
specialists.

3. The activity component is a set of tools for
implementing the main goal of the process of
developing students’ critical thinking, which
includes: the activities of teachers and learners,
the methods used in this process, organizational
forms and means of training, which together
represent the technology of training.

4. Performance-analytical component

- these are the results obtained in the process
of developing critical thinking at students and
their analysis.

As can be seen from the presented model of the
process of developing critical thinking in students,
it has an integrated system of organization with
a complex hierarchical structure, the purposeful
action of which is carried out through the
generalized functioning and development of all
its components.

Development of students” critical thinking in
the context of teamwork in the framework of the
educational process of the University

When working as a team, you can always
organize a discussion that allows students
to develop and evaluate their thinking in
comparison with the thinking of others. When
working as a team, egocentricity is possible.
Since all people are socialized, egocentricity is
partially developed within the framework of
sociocentricity.

It is necessary to teach each team member to
think (reflect) on their conclusions and behavior;
make assumptions (assumptions) unambiguous
and analyze critically.

Using interactive methods to develop students’
critical thinking in a teamwork environment.

Interactive learning (from English interact —
interact, be in interaction, act, influence each
other), learning through participation,
interaction as part of changing groups
(Kairabaeva A. E., Akisheva S. N. (2003)..

The main forms of interactive learning can
be called dialogue, group work, educational
discussion, etc. we Offer a generalized scheme
of using interactive methods in the process of

i.e.
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developing critical thinking in students (figure
2).

The purpose of using interactive methods is
to develop future teachers’ critical thinking. This
goal canbe achieved during educational activities,
because of which future pedagogues acquire
the necessary knowledge, skills, and abilities.
Professional training of future pedagogues at the
University is a multi-sided system that combines
independent, but interconnected
subsystems of training, i.e., its main directions:
theoretical and methodological, practical,
research and extracurricular. Each component of
the process performs its specific tasks.

relatively

Theoretic-methodological training provides
future pedagogues with the basics of scientific
knowledge, social phenomena, and processes in
the dialectical unity of the «man-society» system,
the methodology of knowledge of the world,
the phenomena of social life, and the dialectical
approach to knowledge and transformation
of reality. Using intersubject connections of
Physics with other forms of social consciousness-
philosophy, morality, art, and aesthetics.

Practical training of future pedagogues ensures
the formation of practical skills in the conditions
of training sessions and pedagogical practice.

Research  training of future pedagogues
provides for mandatory participation in
scientific research, research projects, real project
pedagogical developments, which contributes
to the development of a creative approach to
research in the context of teaching activities.

Extra-curricular training of future pedagogues
is carried out using various extra-curricular
organizational (preparation for the
Olympiad, robotics, ~ STEM
technologies, conferences, debates, group work,
etc.). it allows you to use all the pedagogical
knowledge, skills and abilities obtained based on
other components of training.

forms
excursions,

Conclusions

Thus, the combination
of pedagogical the
development of critical thinking at future
pedagogues in the context of actual problems
of school education and increase professional

components
training contribute to

interest that contributes to the manifestation of
creative abilities in teaching activities.

The results of the research made it possible to
draw the following conclusions: 1. The presence
of critical thinking is necessary for a graduate of

Interactive methods

¥

Purpose of application:

development students’ critical thinking in a teamwork environment

T
Types of educational activities
Theoretico- Practical scientific-research Extracurricular
methodological work of students
¥
PesyabTaTnn:

Development of critical thinking

Readiness for critical activities

Figure 2 — Application of interactive methods in the process of developing students’ critical thinking
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a modern University, regardless of the specialty,
but it is especially important for pedagogues
of the natural cycle, psychologists, social
pedagogues, etc., because in the sphere of their
professional activity, critical thinking contributes
to the development of effective solutions and the
creation of new technologies.

During the study, the characteristic of the main
concept of the process under study is generalized.
Critical thinking is disciplined, self-directed,
and self-regulating thinking that illustrates the
perfections of thinking that correspond to a
specific way or area of thought.

2. The task of modern understanding the
modernization of professional education relates
to the development of critical thinking of students
as future specialists, through the expansion of the
boundaries of the entire educational process using
information and communication technologies,
new interactive teaching methods and methods
of teamwork.

The essence of the process of developing
students ‘critical thinking is to organize the
educational process in the University, design a
scientifically based model of the process under
study (specifying goals and objectives, designing
content, methods using modern learning
technologies, monitoring, and analyzing the
results achieved). For this purpose, a model
has been developed that consists of four main
components: motivational-target (main goal, tasks,

and principles) content (corresponding content),
activity (implementation technology — interactive
training), and performance-analytical (process
results, their analysis).

Readiness for critical activity acts as a social
and professional position of the pedagogue’s
personality. The basis of the future pedagogue’s
training is the critical worldview as a system of
critical knowledge, skills, beliefs, and views.

During the experiment, three levels of critical
thinking were determined: high, medium, and
low, developed in accordance with its structural
components. The effectiveness of scientific and
pedagogical developments of the study was
confirmed by the results of the pedagogical
experiment.

The results of the research allow us to offer the
following recommendations:

-introducea developed and scientifically based
«model of the process of forming students” critical
thinking in a teamwork environment’, consisting
of four main components: into the educational
system of the University motivational-target,
content, activity, and performance-analytical;

- use the proposed method of forming critical
thinking among students in a team environment,
based on the use of interactive learning methods.

The research prospects are to find new ways to
improve the process of forming students’ critical
thinking in accordance with the progressive
speed of development of professional education
in the context of globalization.
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2«Oparey» Axmora o0Avicor OotiviHua Oiaikmirikmi apmmuipy uncmumymuol, Kexuemay, Kasaxcmar,
3OA-Dapabu amorndazel kasax yammuolx yrusepcumemi, Aamamot, Kasaxcman

Boaamax ¢pusyka MyraaiMAepiH OKYIIBIAapABIH CHIHM TYPFLICHIHAH
oiiaay KabiaeTiH gaMBITyFa yiipeTy

Angartna. boaamax ¢usnka MyraaiMaepiH OKyIIBLAapABIH CBIHM TYPFBICHIHAH OJiAaybIH AaMBITYFa Aaii-
BIHAQY MyFaaiMAepAiH Keaelekreri KociOu KpIsmMeTiHe AypbIc OardapaayablH OacThl OarbIThl DOAyMeH KaTap,
FBIABIM 94eMiHge, OiaiM OepyJe >koHe OackapyablH >KaHa >KylieciHAe MKeMAl OeiliMAeAyAiH Herisri HyKTeci
Ooablll TaObLAaABL 3epTTeyAiH MaKcaThl CTyAeHTTepAiH (6oaamrax ¢pusmka MyradiMAepi) KOMaHAAABIK Op-
TajaFpl CBIHN Ollday epeKIIeAiKTepiH 3epTTey >KoHe OHBI OKYy IIpOIieciHAe AaMBITy KOAJapblH Taly. 3eprre-
yIiaep Keaeci agicrepAi KOAAaHABL: TeOPUAABIK (TaaAay, CUHTe3, KiKTey, >KaAllblAay, AeAyKUVsI, MHAYKIUS,
aHaJAo0TMsA, MOJe/AbAey); SMIUpPUKaAbIK (Dalikay, cayalHaMa, cayadHaMa, CyxOaT, oHIiMe); SKCIIEPUMEHTTIK
(ToxipmOe >kacay, KaABIITaCTHIPY, AMATHOCTUKA); CTaTUCTUKAABIK (IIPOLIECTIH CTaTUCTUKAABIK MaJdiMeTTepi,
3epTTey HOTVDKeAepiHiH CaHABIK SKoHe CallaAblK TalAayebl).

Tynin ce3gep: $usuka Myraaimaepi, CbIHM oiiday, OKy IIporieci, KociOn AaifbIHABIK.
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OOydenne Oyaymmx yumreaei (QGUBMKM pPasBUTUIO KPUTHMUECKOTO MBIINIAEHUS YIeHUKOB

Annotamsa. O0ydeHne 6y AyIux yanTeaeil pU3UKU A4S0 Pa3BUTI KPUTUIECKOTO MBIIIAEHILS - HTO
OCHOBHOM MYHKT AAsl IPaBUABHOTO OPMEHTUPOBaHUSA B OyAyIell ImpodeccMoHaAbHON AeATeAbHOCTH, AAs
rMOKOI ajanTalyy B MUpe HayKM, B HOBOI cucTeMe 0Opa3oBaHNs M MeHeAXXMeHTa, U TOAbLKO HOBbIe KOMMY-
HIKaIMOHHBIE TeXHOAOTUU MOTYT COAEINCTBOBATh B AOCTMIKEeHUM DToil Ieam. Lleap mccaejosanms - msyde-
HIle OCOOEHHOCTEel KPUTUYECKOTO MBIIIAeHNUs CTyAeHTOB (OyAyliux yumreaell PpU3MKM) B yCAOBUAX pabOTHI
B KOMaH/e ¥ ITOMCK ITyTell ero pa3BuTusA B IIporiecce oOyueHms. VIcroap3oBaHbl cAeAyIOIe MeTOABl: Teope-
TUYeCKMit (aHaAM3, CUHTe3, KAacCuPUKas, TeHepaAu3aus, AeAyKIs, WHAYKIUSA, aHaAOTUM, MOJEAVHT);
SMIIMPUIECKNi (HabAI0AeHNe, OIIPOC, BOIIPOCHMK, MHTEPBLIOMpPOBaHNe, Oecela); DKCIIepUMeHTaAbHEIN (9KC-
MepUMeHT-KOHCTaTas, (pOpMIUpOBaHIe, AMarHOCTUKA); CTaTUCTUIECKUi (CTaTICTIIeCcKe JaHHEIe IpoIiec-
Ca, KaueCTBeHHBI U KOAMYEeCTBeHHBII aHaAU3 Pe3yAbTaToB MICCAeA0BaHNA).

Karouesble caoBa: yunreass GpU3MKM, KPUTUIECKOe MBIIILAeHMe, IIpoljecc 0OydeHns], mpodeccroHaabHas
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