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Annotation. This article discusses the ways of forming the research competence of students in the
process of teaching the course "Microbiology and Virology" at the university. The purpose of the research
work is to develop the scientific thinking, experimental skills and analytical abilities of students by
introducing elements of research into the process of teaching microbiology. In the course of the study, the
content of microbiological experiments, methods of organizing laboratory work were analyzed. The research
work was carried out with the aim of developing the scientific thinking of future biologists, improving the
skills of microbiological research and conducting experiments, identifying the problem and considering ways
to solve it. The effectiveness of research and teaching technologies was also described, and models for
developing research competencies through microbiological experiments were presented.

During the experimental work, students improved their research skills by completing tasks related to
the isolation, cultivation, and morphological analysis of microorganisms. As a result, students developed a
greater interest in research activities and improved their abilities to analyze, observe, and draw conclusions
independently. The proposed methodological approaches contribute to enhancing the quality of professional
training for future biology teachers.

Keywords: microbiology, virology, research competence, research work, laboratory practice, higher
education institution, microorganisms, nutrient medium, microscopy.

Introduction. In the higher education system, it is important not only to limit the
professional training of future specialists to theoretical knowledge, but also to develop their
research competence. The main goal of teaching biological disciplines in modern universities is to
form a scientific worldview and develop students' research abilities. In this context, the concept of
research competence is particularly important. It describes a student's ability to identify scientific
problems, form hypotheses, and conduct experiments to prove and analyze the results. In other
words, research competence reflects the level of a student's ability to organize practical work based
on scientific thinking.

Biological disciplines, including the course "Microbiology and Virology," allow students to
develop their research skills. This is because microbiology is a science that requires not only the
mastery of existing theories, but also the use of experimental evidence and methods. Additionally,
since microbes are ubiquitous in nature, it is easy to conduct research. This process fosters scientific
thinking, logical analysis, and the ability to provide evidence. During the course, students not only
study the morphology and physiology of microorganisms, but also conduct actual experiments in
the laboratory, learn methods of sterile work, cultivation and observation of bacteria, and various
research methods [7].

Practices such as studying the properties of microorganisms, working with sterile
equipment, and isolating and culturing bacteria increase students' research interest and provide
opportunities for practical application of scientific methods. In today's era of increasing concerns
about biological safety, environmental sustainability, and antibiotic resistance, the importance of
microbiological research is becoming increasingly significant [9]. As future biology teachers, it is
crucial for them to not only possess the necessary skills to work with microorganisms but also to
develop scientific thinking and research abilities. In addition, the course on microbiology and
virology plays a special role in shaping students' scientific worldview. This is because
microorganisms are essential participants in the cycle of matter and energy in nature. By studying
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microorganisms, students gain a deeper understanding of the unity of life, the interconnectedness of
ecosystems, and the role of humans in the biosphere. This level of knowledge enhances students'
environmental awareness and provides a more comprehensive understanding of biological
principles. The scientific activity of students is increased by purposefully introducing research
elements into the content of the microbiology course. For example, observing the growth of
microorganisms under the influence of various factors, conducting experiments to change the
composition of the nutrient medium, and comparing the morphology of bacteria under a microscope
develop the student's research abilities by applying their theoretical knowledge in practice [10].
These activities not only enhance the understanding of biology for future teachers but also provide
opportunities for students to engage in research-based activities.

In the context of modern globalization, biological sciences, including microbiology and
virology, are becoming increasingly important in society. The spread of infectious diseases, the
emergence of antibiotic-resistant microorganisms, the discovery of new viruses, and the growing
importance of biosecurity issues are fundamentally changing the requirements for the training of
future specialists in universities. This situation requires students to go beyond theoretical
knowledge and acquire research skills, scientific thinking, and the ability to make independent
decisions in laboratory settings [11].

In traditional approaches to education, courses in microbiology and virology are often
focused on the acquisition of ready-made information, while independent research activities by
students take a backseat. In such circumstances, students do not develop a sufficient interest in
scientific thinking, analysis, and experimental activities. However, the modern job market and
scientific environment require future professionals to be more than just executors of standard
instructions; they must be capable of conducting research, making scientific discoveries, and
thinking creatively.

In this context, an urgent problem is to strengthen the research focus in teaching the course
of microbiology and virology, and to systematically introduce elements of research activities into
the educational process. The organization of laboratory work of a research nature, the presentation
of problem assignments, the implementation of small-scale scientific projects, and the scientific
analysis of experimental results allow to improve the professional training of students [12]. At the
same time, these approaches increase the students' interest in the subject and create conditions for
their involvement in research activities.

Currently, the introduction of research elements into the educational process at universities
is one of the most effective ways to improve the quality of education. The use of research methods,
especially in the teaching of microbiology and virology, not only increases students' interest in the
subject, but also helps them develop their ability to conduct scientific research as future
professionals. Therefore, methodological research and pedagogical solutions in this area are
currently relevant. In this sense, the study of microbiology is considered not only an academic goal,
but also important for professional and personal development. Through microbiological
experiments, students improve their ability to provide scientific evidence, analyze results, compare,
and draw conclusions.

Thus, determining the ways of forming students' research competence in the course
"Microbiology and Virology" is one of the current problems of the modern higher education
system. Solving this problem will not only increase the professional competitiveness of future
specialists, but also contribute to the development of the country's scientific potential [13].

Research materials and methods. The research was aimed at determining the ways of
forming students' research competence when studying the course "Microbiology and Virology". In
accordance with this goal, the following methods were used:

Theoretical methods: the analysis of pedagogical and methodological literature, domestic
and foreign research revealed the essence, structure and ways of forming research competence.

1. The curriculum and the content of the discipline "Microbiology and Virology" are
analyzed, the scientific and methodological foundations of the introduction of research elements are
systematized;



2. Innovative technologies and methodological approaches to laboratory work are compared
and analyzed, which can be used in the learning process.

Empirical methods: observation method: analyzed by systematically monitoring the
activity, independence, and creativity of students during laboratory classes and research
assignments; questionnaires and interviews: conducted to identify students' interest in the
microbiology course, their readiness to participate in research activities, and their difficulties;
pedagogical experiment: aimed at developing research competencies in the process of teaching
microbiology and virology, implemented using a specific methodology. The results obtained during
the experiment were compared between the control and experimental groups.

Statistical methods: the results of the experiment were processed quantitatively and
qualitatively, the effectiveness was proven, and conclusions were drawn.

Independent completion of laboratory work by a student helps to acquire practical skills for
conducting microbiological research, analyze the results obtained, and gain a deeper understanding
of the role of microorganisms in nature and human life. The skills acquired through laboratory
experiments will enable students who hold positions in scientific institutions to organize research
work in microbiology [14]. When teaching the course of microbiology and virology, various forms
of research can be used. The main mechanism for developing students' research competence is the
effective organization of research work [6]. This work is carried out in accordance with the content
of the educational process and the interests of students, as well as the equipment of the university's
research laboratory. The figure shows the forms of research that are organized during the lesson

(Fig. 1).
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Figure 1 — Scheme for organizing research work

By conducting such experiments, the student independently designs the experiment and
learns how to process the results. The content of the Microbiology subject provides students with a
unique opportunity to master research methods. The course's main topics cover various subjects,
ranging from safety guidelines for working in a microbiology laboratory to methods for quantifying
microorganisms. During the laboratory classes, students will have the opportunity to study the
morphological and cultural properties of microorganisms, prepare nutrient media, obtain pure
cultures of microorganisms, perform microbiological control of air and soil, determine the
sensitivity of bacteria to antibiotics, study enzyme activity, and familiarize themselves with the
applications of microorganisms. For example, when isolating a strain of Bacillus subtilis from soil
and studying its growth dynamics, students will learn the entire process of the microbiological
method. This process fosters research thinking and enhances accuracy, responsibility, and analytical
skills [15].



1. Laboratory research. Laboratory classes-the basis of the course of microbiology. Here
students solve specific scientific tasks: isolate microorganisms, master the methods of staining,
make vaccinations in a nutrient medium, control the growth dynamics. Laboratory and practical
works of research orientation in the discipline of Microbiology not only improve the practical skills
of students, but also form a scientific vision. In such classes, the student acts not only as a learner,
but also as a small researcher [3]. As a result, the efficiency of mastering the microbiology course
increases, and the abilities for scientific thinking, observation, and analysis develop. Students
participate in research work in groups of 3-4 people. This table systematizes the relationship
between each research topic and the learning goal, as well as the methods and tools used. By
incorporating research elements into the learning process, the structure and content of each
laboratory assignment allow students to conduct independent research [5]. Students develop their
scientific research skills by studying the structure of microorganisms, growth patterns, and
development in a nutrient medium. Table-1 below shows examples of lessons aimed at developing
students' research skills:

Table 1 — Research Topics and Methods in Microbiology

No. | Lesson Topic

Research Content

Methods and Tools Used

1 Study of the morphology of

Identification of bacterial shapes

Microscopy, staining methods

microorganisms (cocci, bacilli, spirilla) (Gram staining, etc.)

2 Preparation of  nutrient | Cultivation of bacteria on nutrient | EPA, EPG, Petri dishes,
media and cultivation media incubation

3 Effect of temperature and | Study of bacterial growth depending | Incubation, observation,
pH on physical factors counting methods

4 Effect of antibiotics Investigation of the effect of various | Disk diffusion method

solutions on bacterial growth

5 Observation of mold and | Study of the microscopic structure of | Sabouraud medium,

yeast fungi prepared fungal specimens microscopy

2. In practical classes, students analyze the theoretical material and then develop and
summarize the results of their practice. For example:

e plotting the growth curve of bacteria and describing each phase;
e assessing air pollution based on microbiological indicators;
e conducting statistical analysis of the results obtained.

Effective ways to introduce a research element in practical classes:

e analysis of a microbiological problem caused by a real-life situation (e.g. causes of an eating
disorder, mold cases);

e Individual report or small study (each student is provided with their own subject);

e Mutual comparison of observation results and group discussion.

3. Problem-solving tasks and situations: The use of problem-solving tasks and situations
in teaching microbiology and virology plays an important role in developing students' research
thinking, analytical, and evidence-based abilities. The problem-solving method helps students to
become not just recipients of ready-made knowledge, but researchers who strive to solve scientific
problems independently. In microbiology, problem-solving situations are often based on specific
biological phenomena and laboratory experiments. For example, students can be given the
following tasks:

o Why is Bacillus subtilis resistant to high temperatures, but Escherichia coli is not? How is
this difference related to cell construction?

e The growth of microbes was observed in some nutrient media during the sterilization
process. What could be the reason, and how can this problem be solved?:

e Why do antibiotic-resistant bacterial strains form? Analyze the biological and ecological
significance of this phenomenon.



These problem situations not only increase students' interest in the subject, but also improve their
skills in scientific analysis, experimentation, and conclusion-making.

Discussion of Results. As part of the course in microbiology and virology, in order to
develop the research competencies of students, a workshop was held to identify morphological
features. During the practice, students study microorganisms E. coli, Staphylococcus sp., Bacillus
sp., Lactobacillus sp. examined under a microscope and described their shape, grouping and
features of the colony. The purpose of the laboratory session is to familiarize students with the main
morphological forms of bacteria and to conduct research using microscopic methods.

The objectives of the laboratory session are as follows:

e Studying the main forms of bacteria (cocci, rods, spirals, etc.).

e Preparing infections from bacterial cultures.

e Determining the shape, size, and arrangement of bacteria under a microscope.

Morphological characteristics include features such as cell shape and size, and the presence
of endospores and exospores. Preparations were used to study morphological characteristics. The
morphological characteristics of a culture depend on the composition of the environment and the
growing conditions. Bacterial cells can be spherical (cocci), rod-shaped, or spiral [2]. The grown
colonies are first examined with the naked eye, and then examined using a magnifying glass or a
small microscope. Morphological features are described according to the following scheme: cell
shape and size, cell connection, motility, filament arrangement and number, spore formation, type
of spore formation, capsule formation, auxiliary substances, and color in grams. Cultural properties
are characteristic of each species of microorganisms, and therefore they are an important diagnostic
feature of microorganisms [4].

Microscopic preparation: students are introduced to the microscope and the principles of
its operation. Students, following the rules of sterile technique, took samples from the culture, then
placed them on a slide and prepared a dried, stained preparation according to the instructions [1].

Morphological study: the cell shape, size, grouping pattern, and colony shape of each
microorganism were examined under the microscope. Students compared the morphology of
different bacteria and identified their characteristics:

e FE. coli are rod-shaped and arranged individually or in pairs;

e Staphylococcus sp. - spherical, in clusters;

e Bacillus sp. - long rod, sometimes spores are formed;

e Lactobacillus sp. - short rod, characteristic group arrangement.

During the practice, students studied the morphological features of microorganisms,
determined the shapes, sizes and group characteristics of various bacteria. Such practical work
allows combining theoretical knowledge with practice, forms the research competence of students.

In the experimental part, the students completed a practical task based on the results
obtained (Fig.2).

Type of sign Description
Shape, color
Size
Side view, edge
Consistency
Structure
Morphological features
Gram coloring
Mobility

Figure 2 — Scheme for describing microorganisms based on their cultural properties

The students completed a task to identify the morphological features of microorganisms.
During this task, each student or group recorded the characteristics of the colonies, such as shape,



color, edge shape, and surface texture. This activity allowed the students to observe the diversity
and characteristics of microorganisms in practice, creating an opportunity to combine theoretical
knowledge with practical skills [8]. Additionally, the practical work encouraged independent
learning and the correct use of scientific terminology.

Conclusion. The systematic use of experimental and research elements in the process of
developing students' research competencies in the course of microbiology and virology has
significantly improved their professional training. Practical work, microscopic observations, and
methods of cultivating and identifying microorganisms allowed students to combine theoretical
knowledge with real-world experience. These methods have developed students' analytical thinking,
scientific reasoning skills, and the ability to plan and execute experimental activities.

During the practical classes, students performed specific research activities, such as
determining the morphological features of microorganisms, cultivating and observing cultures,
which strengthened their experimental skills and formed a scientific mindset. Additionally, the
systematic organization of research work fostered a research culture among students and enhanced
their professional competence.

Thus, the introduction of research elements into the course "Microbiology and Virology" is
an important tool in developing students' research competencies. These comprehensive methods
allow students to combine their theoretical knowledge with practice, improve their scientific
thinking, and develop their professional skills. In the future, the widespread use of practical and
research approaches will further enhance the quality of microbiology teaching, make the
educational process more innovative, and elevate students' professional training to a higher level.
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«MHUKPOBHOJIOI'UA ’KOHE BUPYCOJIOI'USA» KYPCBIH OKbBITYJA CTYAEHTTEPIIH
SEPTTEYHIUIIK KY3BIPETTIIITI'TH KAJIBIIITACTBIPY 7KOJIJAPBI

Aamac A.E., 7M01517 — buonorus bbb 2-11i kypc MaructpaHTh
HoanyanaeBa C.JK., Ouoiorus FeUIBIMAAPBIHBIH JOKTOPEIL, Ipodeccop

Kopxvim Ama amvindaser Kvizvinopoa ynusepcumemi, Koizviiopoa K., Kazaxcman

Anparna. byn makana >KOFapbl OKy OpHbIHAa «MHKpOOHOIOTHS KOHE BUPYCOJIOTHS KYpPCBIH
OKBITY OapbhICBIH/IA CTYACHTTEP/IH 3ePTTEYIIUIIK KY3bIPETTUIITH KaJBIITACTHIPY JKOJIIAPBIH KapacThIPaIbl.
3epTTey KYMBICHIHBIH MAaKCaTbl — MHUKPOOUOJNOTHSIHBI OKBITY YVJAEpiCiHE 3epTTey DIEMEHTTEpIH eHTi3y
apKbUIBI OLTIM aJTyIIbUIapIbIH FRUIBIMU OWJIAybIH, SKCIIEPUMEHTTIK JAFIbUIapbIH KOHE Tanjay KaOileTTepin
JIAMBITYFa HETi3/IeNreH. 3epTTey OapbhIChIHIa MUKPOOUOIOTHSIIBIK TOXIpUOEnepliH Ma3MyHBI, 3€PTXaHAIbIK
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JKYMBICTAPABl VHBIMAACTBIPY OAICTepi TalmaHIbsl. 3epTTey JKYMBICH Oomamak OWOoJIOr MaMaHIaAPIbIH
FBUIBIMH OWJIAYBIH JaMBITyFa, MHKPOOWOJOTHSIIBIK 3€pTTEy JAFAbUIAPBIH JKETULNIPYre >KOHE TXipHuOe
JKYPTi3y apKbLUTbI MOCEJICHI aHBIKTAI, OHBI IICITY JKOJIAPhIH KapacTeipyFa OarbiTTamasl. CoHmai-aK, 3epTrey
JKOHE OKBITY TCXHOJOTHSUIAPBIHBIH THIMJIUII CHIIATTAIBIN, MUKPOOMONOTHSIIBIK TIKIpUOETep apKbLIbl
3epTTEYIIUTIK KY3BIPETTUTIKTI JaMBITy VATiepl YCHIHBUIABL. OJKCHEPUMEHTTIK JKYMBIC OapBICHIHIIA
CTYIEHTTEp MHUKPOOPTaHU3MIEpi 0ol amy, ecipy >KoHe oJapAbslH MOP(OIOTHSIIBIK KAaCHETTEPiH 3epTTey
TaIChIpMAJIapblH OPBIHJAY aPKBUIBI 3ePTTEYNIUNK AaFAbUIAPBIH KETULAipai. HoTmxkeciHne CTyaeHTTEepaiH
FBUIBIMH-3EPTTEY 1C-OpeKETIHE KhI3BIFYIIBUIBIFEI apThII, JepOec Tanaay, Oakpuiay jKoHEe KOPBITBIHIBI JKacay
KabimeTTepi JaMbIIbl. ¥ CBIHBUIFAH OICTEMENIK TOocUIaep Oosamrak OMOJIOTHS ITOHI MYFaIIMICPIH KOCiOH
JaspiayJblH CalachblH apTThIpyFa MYMKIHIIK Oepeni. 3epTTey HOTIKENIepi MHKPOOUOJIOTHUSHBI OKBITYIa
3epTTEYLIUTIK TacunaepAl kyieni Komgany OiiM adylbUIapAblH FBUIBIMA MOICHUETIH KaJIBINTACTHIPHII,
KYpZeni OMOJIOTHSUTBIK YaepicTep/Ii TepeH TYyCiHyiHe BIKIal eTeTiHIH KOPCEeTTi.

Tipek ce31ep: MHKPOOHOJIOTHS, BHUPYCOJNOTHS, 3€PTTEYLIUNIK KY3BIPETTLTIK, FBUIBIMH-3EPTTEY
JKYMBICHI, 3ePTXaHAJIBIK TOKIPUOE, )KOFAPBI OKY OPHBI, MUKPOOPTaHU3MJIEP, KOPEKTIK OPTa, MUKPOCKOTIHSL.

MYTH ®OPMUPOBAHUSA UCCJIEJOBATEJBCKON KOMIIETEHTHOCTH CTYJIEHTOB
IIPU U3YYEHUU KYPCA <MUKPOBHNOJIOTHUA U BUPYCOJIOI'US»

Aamac A.E., marucTpanr 2-ro kypca obpazoBaTenbHOl nporpammbl 7MO01517 — «buonorus
Hoanyanaesa C. 7K., ToKTOp OMOIOTHYECKHUX HAYK, TIpodeccop

Kwuizviiopournckuil ynusepcumem umenu Koprxwim Ama, e. Kvizvinopoa, Kazaxcman

AnHoTtanusi. B nmaHHOW cTaTbe paccMaTpHBArOTCS ITyTH (OPMHUPOBAHHS HCCIEI0BATENHCKOM
KOMIICTEHTHOCTH CTY/ICHTOB B Mpoliecce MpenoaaBanus Kypca « MUKpOOHOIOTHS U BUPYCOJIOTHS» B BY3€.
Llenb wmccnenoBaTenbCKol pabOThl — Pa3BUTHE HAYYHOT'O MBINUICHUS, YKCIIEPUMEHTAJIBHBIX HABBIKOB H
AHAINTHYECKUX CIIOCOOHOCTEH OOYYarOIIMXCsl IyTeM BHEAPECHUS 3JEMEHTOB HCCIECIOBAaHHS B IPOLECC
o0yueHuns: MUKpoOHonoruu. B xoze nccrienoBanus MpoaHAIN3UPOBAHO COACPKAHUE MUKPOOHOIOTUIECKUX
OIIBITOB, METOJII OpPraHMU3alluK J1abopaTOpHBIX padot. MccienoBarenbckas paboTa MPOBOIMIACH C LIENBIO
pa3BUTHA HAayYHOTO MBIIUICHHS OyIyIIMX CIENUaTNCTOB-OMOIOTOB, COBEPUIICHCTBOBAHUS HABBIKOB
MHUKPOOHOJIOTHYECKUX HCCIIEAOBAHUI W TPOBEICHHS DKCIIEPUMEHTOB, BBISBICHUS MPOOJIEMBI M CIIOCOOBI
nyTH ee perreHus. Taxke Obuta onucaHa 3(h(HEeKTUBHOCTD UCCIIEA0BATEIBCKUX M 00YYaIONINX TEXHOIOTHH 1
NPE/ICTaBICHBl MOJEIH DPA3BUTHUSI HCCIEIOBATEIBCKUX KOMIICTEHIIMH C MOMOIIBI0 MHKPOOMOIOTHYECKHX
OKCIIEPUMEHTOB. B Xome  dKcrepuMeHTanbHOW  pabOTBl  CTYAEHTHI  COBEPLICHCTBOBAIM  CBOM
MCCJIe/IOBATEILCKIE HABBIKH, BBIMIOJIHSS 3aJIaHUs 110 BBIICICHHIO, KYJIbTUBHPOBAHUIO MHKPOOPraHU3MOB U
M3YYCHUIO MX MOpP(OJOrHYecKUX CBOWCTB. B pesynbTare y CTYJICHTOB BBIPOC HHTEpEC K HaydHO-
MCCIIEIOBATEILCKOMN JIESITEIbHOCTH, PA3BIIIMCHh CIOCOOHOCTH K CAMOCTOSITEIIEHOMY aHAIIN3Y, HAOIIOICHUIO 1
MOJIBEICHUIO UTOTOB. [lpennaraeMble METOJMYECKHE TIOAXOABI MO3BOJIAIOT IOBBICHTH KayeCTBO
npodecCHOHANBEHON TIOATOTOBKH OYyAyIIUX y4uuTened Ouonoruu. Pe3ynbTaTel UCCIeIOBaHUS MTOKA3ad, YTO
CHCTEMHOE IPUMEHEHHE HCCIIeI0BATEIbCKUX MOJX0/I0B B 00y4eHUH MUKPOOHOIOrH GopMHUpyeT HayYHYIO
KyJbTypy OOYyYaromIMXCS M CIIOCOOCTBYeT OoJyiee TIyOOKOMY IOHHUMAHHMIO CIOXKHBIX OHOJOTHYECKHX
MPOLIECCOB.

KaioueBble ciaoBa:  MHKpPOOMOJOTHS, BHPYCOJOTHS, HCCIENOBAaTEIbCKas  KOMIIECTCHIIUS,
uccienoBarenbckas pabora, saboparopHash NMpPaKTHKA, BBICIIEE Yy4eOHOE 3aBeieHHE, MHKPOOPTaHWU3MBI,
nUTaTeIbHAs Cpejia, MUKPOCKOIIHSI.



