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Abstract

Relevance. The relevance of this study is due to the fact that in the process of implementing the competency-based
approach, students' research activity becomes one of the leading ones in the structure of the future teacher's preparedness
for professional activity.

Purpose. The purpose of this article is to reveal the process of formation of research competence in biology students in
the process of mastering the discipline of "Biology Practice". The question of the formation of research competence is
put forward as one of the most relevant requirements for graduates of higher education who train specialists in pedagogical
specialties.

Methodology. In the course of the study, theoretical methods such as analysis, synthesis, generalization and empirical
methods were used, consisting of questionnaires and tasks aimed at determining the level of experience in research
activities, helping to consider the situation in the study of the formation of research competence of biology students,
leading to a comprehensive review of the situation in the study of the formation of research competence in biology
students.

Results. During the ascertaining stage of the study it was found that students have low and average levels of research
competencies. To solve the problem of research training of biology students, a laboratory practice was developed and
introduced into the educational process, by the end of which the students of the experimental group showed an increase
in the level of research competencies. The role of laboratory practice in the formation and development of research
activities of undergraduate biologists is determined. The data obtained are compared with international practice.

Suggested Citation:
Ungarbayeva G, Ibadullayeva S, Balykbayeva G, Nazarova G, Berdenkulova A. Research competence in the context of training future biology
teachers. Sci Herald Uzhhorod Univ Ser Phys. 2024;(56):94-102. DOL: 10.54919/physics/56.2024.9kdt4

*Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
— Creative Commons Attribution License 4.0 (https:/creativecommons.org/licenses/by/4.0/



Research competence in the context of training future biology teachers

Conclusions. The conducted research gives grounds to conclude that the developed laboratory practice helped students
to master research competencies, which are represented by methodological knowledge and skills, as well as the technique

of conducting the most important laboratory research.

Keywords: research activity; research competencies; laboratory competencies; activity component of research

competence; educational process.

Introduction

The formation of research competence is one of the most
important tasks of the education system of the Republic of
Kazakhstan, since today the higher school is engaged in the
implementation of the competency-based approach in
education into practice. In view of improving the quality of
education in the country, the need to strengthen the training
of competent future teachers who are ready for successful
professional and personal fulfillment becomes a priority.

Along with this, recently with the increased focus on
the professional activities of teaching staff, much emphasis
has been placed on the formation and development of
research qualities of teachers. According to the legislation
[1], there are several qualification categories of employees
of the educational sphere, of which the highest level is
occupied by the category of "teacher-researcher".

One of the criteria of this category is to ensure the
development of students' research competencies. To
accomplish these objectives, it is necessary to create a
special formative environment in higher education, where
the future teacher is given the opportunity to learn from
personal experience the basics of research activities that
lead to the formation of research competence.

The problem of the formation of research competence
is not new, today there are a lot of studies on this issue, in
which research competence in education is considered as
the main component of the professional competence of a
teacher [2-9].

Along with these studies, there are works devoted to the
issue of the formation of research activity in teaching
biology in higher education, which considers the process
of forming research competence with the help of
educational and research practice in botany [10-12], during
field practice in natural sciences, in a university botanical
garden, when organizing independent project-research
activities [13; 14], in the study of insects [15-18].

The problem of formation of students' research
competence is addressed by many Russian and local
scientists. Thus, S.N. Lukashenko [19] considers research
competence as an integral quality of personality, which is
expressed in the ability and readiness to independently
solve research problems and in the possession of research
technology; as the necessary skills and experience for
conducting research [7]; as the ability and readiness for
research [8; 20; 21].

According to L. Agustin et al. [9], the main elements of
research competence are a set of knowledge, skills and
values. Based on the literature review, they determine the
knowledge, skills and values that are part of the research
competence.

Given the many definitions, in this article authors
understand the research competence of an undergraduate
biologist as the presence of a positive attitude and
sustained interest of the student in research activities,
possession of a set of necessary methodological knowledge
and technologies of research activities, which is manifested
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in the readiness and ability to conduct research on the study
of living things.

However, the analysis of the above-mentioned works
and the study of the state of the problem of training
specialists in the field of biological education for research
competence led to the conclusion that the role of laboratory
practice classes in the formation of future biology teachers
of research competence has not been disclosed.

The purpose of research is to study the process of
formation of research competence in future biology
teachers in the process of mastering the discipline of
"Biology Practice".

Literature Review

In the works of scientists such as J.A. Skurikhina et al.
[21], N.M. Edwards and S.I. Osipova [22], V.G. Sotnik
[13; 23], A.D. Syzdykbaeva [24], T.A. Levchenko and
L.E. Ageeva [25] research competence is considered in the
categories of "activity", "research", "research activity".
According to which the study of research activity is
considered from different perspectives:

— formation of cognitive activity and motivation for
research activities;

— increasing research interest when performing
independent work, in order to increase the level of
knowledge gained;

— organization of educational activities aimed at
developing research competencies;

— drawing up a scientifically-based structure of the
methodology of experimental research;

— development of creative activity aimed at solving
problems and tasks of a research nature.

The authors consider research activity to be a necessary
condition for the formation of students' research
competence.

Through the engagement of students in research
activities, research competence is formed and developed.
To date, there are many definitions of the concept of
"research activity". For example, in the works of A.V.
Bagachuk and LE. Kizelevich [26], research activity is
understood as personally and socially significant cognitive
activity that is carried out in the educational process of the
university in accordance with the logic of scientific search,
the product of which is subjectively new knowledge for the
student about the object under study.

According to I.V. Kleshcheva and A.Sh. Bagautdinova
[27] as the main features of research activity, they
distinguish mastering by students not only factual
knowledge, but also methods of active independent
cognitive activity, disclosure and consideration of
individual capabilities and characteristics of the student, as
well as the presence of internal motivation and special
structural components.

Thus, research activity presupposes the need for
knowledge achieved in a specific field of research and the
ability to independently extract new knowledge, apply it to
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obtain new scientific knowledge based on personal
experience.

The basis of research activity is the specific skills
necessary to perform research tasks. The study and
generalization of the literature on the topic of the study
showed that there is no consensus on the definition of the
concept of "research competencies". Based on the analysis
of various definitions, authors have identified several
approaches to the definition of "research competencies".

Next step would be to consider the most important
definitions that were emphasized during study.
ILA. Zimnyaya and E.A. Shashenkova [28] consider
research competencies as the result of research activities
that allow students to master the methods of scientific
cognition in the course of educational activities, contribute
to the development of interest and need for research
activities. Under the research competencies N.O.
Vaganova and V.M. Lopatkin [29] understand readiness
for analytical mental activity, which is manifested in the
ability to perform actions necessary to solve tasks or
problems.

According to V.A. Anisimova and A.A. Nain [30],
0.V. Bakhlova et al. [31], research skills are defined as the
ability to take the actions necessary to perform research
activities. Having studied a number of works and having
defined the essence of the concept of '"research
competence", according to the logic of the study, authors
reveal the features of the organization of the process of
formation of the problem under discussion.

In modern literature, the idea of organizing students'
research activities in biological disciplines through
laboratory classes is traced. For example, D.I. Hanauer et
al. [32] propose the introduction of short-term research into
traditional laboratory classes, then G. di Trapani and F.
Clarke [33] propose the creation of an introductory
autonomous laboratory course, which is dedicated to the
development of basic practical skills through the
application of experimental methods used in biological
sciences.

There is also the work of researchers, which suggests
the development of research laboratory courses with
distinctive features of the course research experience of
students (discovery, iteration, collaboration) [34-37].
These researchers claim that laboratory work has a great
opportunity in introducing students to science and is a
valuable experience for them [34; 38].

The authors also point out that the participation of
students in research laboratory courses has a significant
impact on the continuation of a research career by students
[35], and of course participation in research courses helps
students achieve the same results as during a research
internship [39-41].

The authors of recent publications have proven that
students' participation in research and research experiences
are fruitful for them, contribute to students' inclusion in the
research community, and along with this it has been
suggested that obtaining meaningful new discoveries can
be an important factor in students' development of research
skills [39; 42; 43].

Thus, the researchers identified the potential of
laboratory classes, which can be used to form the research
competence of biology students.
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Materials and Methods

Spontaneous teaching of some research skills during
traditional laboratory classes cannot serve as a basis for the
formation of research competence. In this regard, for a
deeper formation of research skills, it is necessary to
introduce a special laboratory practice that allows not only
detailed acquisition of knowledge in biological disciplines,
but also mastering methodological knowledge and skills,
as well as the technique of conducting the most important
laboratory research.

Based on the research of scientists and own teaching
experience, authors introduced the discipline "Biology
Practice" into the educational process of the specialty
"Biology", the content and structure of which is based on
the provisions of the updated curriculum and the sequence
of studying topics keeps a logical-systematic approach.

The formation of students' research competence occurs
through the gradual development of its structural
components motivational, cognitive and activity
components, where laboratory practice is an organizational
form of their formation and development.

Since early publications discussed other components
and criteria for the formation of the research competence
of a bachelor biologist [44], in this article authors will
focus only on the activity component and activity criteria,
which are characterized by learned generalized methods of
research activity, the basis of which are research skills. The
study was conducted in the period from 2017 to 2020. The
study involved 113 students of 1-3 years of the Korkyt Ata
Kyzylorda University, specialty 5B011300-Biology.

Research competence diagnostics according to the
activity criterion was focused on identifying the level of
research skills and included the following methods:
questionnaire "Possession of Research Knowledge and
Skills" and performance of tasks to determine the level of
experience in research activities.

During the survey, students were offered 10 statements
and answers "I am unfamiliar with the subject",
"I'm lacking in knowledge on the subject” and "I am well
familiar with the subject". Each answer corresponded to a
certain level of formation of research competence. For
example, the answer "I am unfamiliar with the subject”
corresponds to a low level; the answer "I'm lacking in
knowledge on the subject" corresponds to medium level;
the answer "I am well familiar with the subject"
corresponds to a high level of formation of research
activity.

Considering the opinion that students do not always
adequately assess their achievements, additional
diagnostics in the form of assignments were conducted to
determine the level of personal experience in research
activities.

During the assignments, students had to choose one of
the proposed topics and determine and substantiate the
scientific apparatus of the research work, draw up a plan of
action and determine the methods of collecting information
and processing the collected materials.

Each correctly defined item was evaluated with 1-3
points, the amount of points scored corresponded to a
certain level of formation of research competence. Thus, 1-
10 points — low level; 11-20 points — medium level; 21-30
points — high level of research experience for a bachelor
biologist.
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The choice of these methods is aimed at a more detailed
diagnosis of the research activities of biology students
during the study of the discipline "Biology Practice".
Based on the above opinions of a number of scientists, by
research skills authors mean students' knowledge of the
methods of practical and intellectual actions that allow
conducting research activities or its individual stages, and
which are formed in the presence of appropriate
knowledge, skills and abilities. Along with this, authors
tried to identify the types of research skills that can be
formed during the training of future biology teachers:
the ability to see the problem, to put forward
hypotheses, to plan a system of actions aimed at solving
the problem;

the ability to work with different sources of
biological information;

the ability to analyze and evaluate information,
and to convert information from one form to another;

the ability to identify, classify, compare and
structure biological material;

the ability to provide evidence, to identify a
cause-and-effect relationship between living organisms
and the environment;

the ability to conduct observations and set up
experiments to study the vital activity of biological objects;

the ability to draw conclusions;

the ability to ask questions, explain, prove, defend
their ideas.

Results and Discussion

The study involved 113 students of 1-3 years of the Korkyt
Ata Kyzylorda University, specialty 5B011300-Biology.
According to the results of the questionnaire, it was found
that students have a medium level of research skills (Figure
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Figure 1. Students' self-assessment of their research
competencies formation (%)
Note: CG — control group; EG — experimental group.

When summarizing the answers, it turned out that the
students rated the following skills the lowest:
to substantiate the research topic;

to generalize and systematize the results of their
own research activities;

—  to select research tools and methods;
to formulate conclusions and recommendations
based on the results of the study.

Students gave higher rates to such skills of their as: to
select the appropriate literature necessary to comprehend
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the research topic; to conduct surveillance; carry out an
experiment; to formalize research work in accordance with
the relevant rules.

In order to fully diagnose and exclude inadequate
assessment of indicators of the level of proficiency in
research skills of the activity criterion of research
competence, an additional study was conducted to identify
the presence of experience in research activities among
biology students (Figure 2).
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Figure 2. Levels of experience in research activities
(%)

The results of the assignment showed that most
students in both groups are unable to substantiate the
relevance of the research, define the purpose and objectives
of the study, identify research methods and the significance
of the research, as well as identify methods of collecting
information and processing the collected materials. The
analysis of the results of the questionnaire and the
assignment showed the predominance of low and medium
levels of research competence and the need to implement
the "Biology Practice".

The purpose of laboratory practicum was to give
students the opportunity to master the basic methods used
in science in general and biology in particular, both
independently and by working in a group. The laboratory
workshop was organized for 3rd year students who already
have some experience in research activities.

Since at the ascertaining stage of the study the results
of students with low and medium levels were analyzed,
according to which it was revealed that the subjects are able
to independently apply the acquired knowledge in familiar
conditions of activity for them, but have difficulties in
applying knowledge in a new situation, and the task
requires the participation of a teacher, the tasks authors
developed were focused on greater independence of
students.

In order to achieve the goal and set tasks for the
formation of research skills, students, in addition to
independent work, also performed group tasks, during
which they applied in practice theoretical and empirical
biological research such as observation, experiment,
analysis, comparison, finding  cause-and-effect
relationships, putting forward new hypotheses, modeling.

The results of repeated diagnostics of the activity
criterion of research competence of biology students after
studying the course "Biology Practice" showed the
effectiveness of the methodology used and an increase in
the level of research skills, the interpretation of which is



Ungarbayeva et al.

presented below. The results of the questionnaire to
identify the level of operating research skills are shown in
Figure 3.
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Figure 3. Students' self-assessment of their research
competencies formation (%)

When interpreting the answers, it turned out that the
students rated the following skills the lowest: to
substantiate the research topic; to generalize and
systematize the results of their own research activities. In
their answers, the students gave a higher rating to following
skills: to select the appropriate literature necessary for
understanding the research topic; to select research tools
and methods; to conduct observation; to carry out an
experiment; to formalize research work according to the
appropriate  rules; to formulate conclusions and
recommendations based on the results of the study.

According to students' self-assessment, it is possible to
state the predominance of medium and high levels of
research skills among students of the experimental group.
A comparative analysis of the indicators of both groups at
the beginning and at the end of the pedagogical experiment
showed the following picture (Table 1).

Table 1. Comparative survey indicators at the beginning and at the end of experimental work

Levels |Control group The Experimental group The
Ascertaining experimentlControl experimentdifference|{Ascertaining experiment [Control experiment|difference
qty % qty % in resultsqty % qty % in resultg

o %

Low |17 30.35 |17 30.35 |0 15 26.31 7 12.28 -14.03

Medium[26 46.42 28 50 3.58 29 50.87 31 54.38 3.51

High I3 23.31 |11 19.64 |-3.67 13 22.8 19 33.33 10.53

The results of the control stage of the study revealed an
improvement in the indicators of the experimental group: a
decrease in the number of students who possess research
skills at a low level (by 14.03%) and an increase in the
indicators of the medium by 3.51% and the high level by
10.53% compared with the ascertaining stage of
experimental work. The same result was shown by a
repeated task to identify the presence of experience in
research activities among biology students (Figure 4).

64
° 50.87

m CG

® EG

medium

low
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Figure 4. Level of experience in research activities (%)

The interpretation of the results of the task revealed an
improvement in the definition and substantiation of the
scientific apparatus of the research work of the students of
the experimental group compared with the data of the
ascertaining phase of the study. When analyzing the
answers, it was determined that the control group students
find it difficult to determine the relevance, hypothesis,
goals and objectives, as well as the theoretical and practical
significance of the study.

All respondents of the experimental group easily coped
with drawing up an action plan and determining the method
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of collecting and processing information, which indicates
the formation and development of students' ability to
research. The results of the control stage of the experiment
allowed to state a deeper formation and development of
research skills among students who studied in the
experimental group.

Naturally, the formation of research skills does not
happen immediately. It requires a lot of repetition. In their
work G. di Trapani and F. Clarke [34] point out that most
students achieved competence in laboratory exercises after
the first classes, while others needed more time and
repetition to achieve the same result.

The process of forming students' research skills was
under the constant supervision of teachers in the classroom,
and was also analyzed based on the results of student
feedback, which was organized after each lesson, and by
the results of the midterm examination.

According to observations, by the end of the semester,
most of the students were ready and able to independently
apply theoretical knowledge to perform research tasks, that
is, they moved from the medium level to the high level. A
similar result is noted in the work of D.R. Caprette et al.
[45], where, after a modular laboratory course, students
achieved various levels of competence.

Conclusions

The research competence of biology students is one of the
main elements of their future professional activity and is
the result of competently planned research activities. For
the formation and development of research competence of
biology students authors have developed and implemented
in the educational process laboratory practice, which
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allowed to master the methodological knowledge and
skills, techniques of the most important laboratory
research, the effectiveness of which has been proven in the
scientific research.

During the practice, students were presented with
individual and group tasks aimed at forming research
activities. Summing up the results of the work done, it can
be stated that the methodology used by the authors, aimed
at establishing research activities among future biology
teachers, has yielded positive results.

According to the students' self-reflection at each lesson,
their skills became clearer and distinct, they began to
understand what they were doing, how they were doing and
why they were doing, which was confirmed by the results
of the midterm examination and the results of the control
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stage of the study. Undoubtedly, this research will
contribute to solving the problems of formation and
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methods for its implementation.
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AHoTanist

AKTYaJIbHICTh. AKTYaJIbHICTb JOCTIHDKEHHS MOJISTa€e B TOMY, 1[0 B IPOLIEC] BIPOBAPKEHHS KOMIIETEHTHICHOTO X0y
JUSUTBHICTB CTY/ICHTIB y cpepl HaAyKOBUX JOCII/PKEHb CTA€ OJHIEI0 3 MPOBIAHUX Y CTPYKTYPI MIATOTOBKU MaiOyTHHOTO
BYMTEIs 10 PodeciiiHOl AisITBHOCTI.

MeTta. MeTot0 11i€1 CTaTTi € pO3KPHUTTS MpoLiecy POpMYBaHHS JTOCHITHUILKOI KOMIIETEHTHOCTI y CTYICHTIB O10JOTTYHUX
cnenianpHOCTed y mporeci BuBuYeHHs mucuumutind "[lpaktuka Giosorii". TlutanHs (opMyBaHHS TOCHITHUIBKOT
KOMIIETEHTHOCTI BHCYBA€TbCs K OJWH 13 HAWOUIBLI aKTyaJbHUX BHMOTI JO BHITYCKHUKIB BHIIOI OCBITH, SKi
MIJTOTOBIIOITH (PaxiBIliB MEJArOr YHUX CIICI[IaIbHOCTEH.

MeTtonoJiorisi. Y X0/l JOCIIKSHHS! OyJIM BUKOPUCTAHI TEOPETUYHI METO/IHU, TaKi SIK aHali3, CHHTE3, y3arajlbHEHHsI, Ta
EMIIipUYHI METO/IH, 1110 BKITIOYAJIN aHKETYBAHHS Ta 3aBJaHH 3 METOIO BU3HAYEHHS PiBHS AOCBIAY y HAYKOBIH AisITBHOCTI,
110 JOTIOMOITIM PO3MJISSHYTH CUTYallil0 Y BUBUCHHI (DOPMYBaHHS JOCIIAHUIIBKOT KOMIETEHTHOCTI Y CTY/JICHTIB 010JI0T11,
110 MTPHU3BEJIO JI0 KOMILIEKCHOTO OTJISIIy CUTYAIlil Y BUBYEHHI (DOPMYBaHHS JOCHIIHUIIHPKOT KOMIIETEHTHOCTI Y CTYICHTIB
6iosmorii.

Pe3ynbrartn. [1ig 9ac KOHCTaTyIOYOTO eTaITy JOCHTIHKEHHS OyJI0 BCTAaHOBIIEHO, IO CTYACHTHA MAOTh HU3BKHUH 1 cepenHiit
PiBHI JOCHTI THUIIBKAX KOMITIETEHTHOCTEH. J[71s1 BHpitIeHHs mpo6ieMu JOCIi THUIIBKOI i ATOTOBKH CTYIEHTIB 6i0JI0Tii Oyia
po3poliieHa Ta BIPOBa/KEHA J1a0OpaTopHa MPAKTHKA, IMiJ{ Yac SIKOT CTYJCHTH SKCIIEPUMEHTAIIBHOI IPYIH MOKa3aiu
3pOCTaHHS PIiBHSI JIOCHIHUIBKMX KOMIIETCHTHOCTEH. BU3HAa4YeHO poIb J1a00paTopHOi MpakTUKH y (opMyBaHHI Ta
PO3BHUTKY JOCIITHUALIEKOI MisTTBHOCTI CTYACHTIB-010s0TiB. OTpHMaHi 1aHi MOPIBHIOIOTHCS 3 MIXKHAPOIHOIO TPAKTHUKOIO.

BucnoBku. IlpoBenene mocmiKeHHS a€ MiACTaBH 3pOOMTH BHCHOBOK, IO PO3poOJieHa TabOpaTOpHA MpaKTHKa
JTOTIOMOTJIA CTYACHTaM OBOJIOIITH TOCIiAHUIIBKUMHI KOMITETEHTHOCTSIMH, SIKi IIPEICTABIICHI METOI0JIOTIYHUMH 3HAHHSIMUA

Ta HABHYKAMH, a TAKOK TEXHIKOIO MPOBEICHHS HAMBAXKIMBIIINAX TA00PATOPHUX JTOCHIIKECHb.

KirouoBi cioBa: HaykoBa MiSUTBHICTH, JOCTIIHUIBKI KOMIETEHTHOCTI, JTAOOpATOPHI KOMIIETEHTHOCTI; KOMIIOHEHT
JUSUTBHOCTI TOCIi THUIIBKOT KOMITETEHTHOCTI; OCBITHIH TTPOIIEC.
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