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Abstract: The article examines modern pedagogical approaches to teaching the disciplines of 

Microbiology, Virology, and Immunology in medical and biological universities. The study analyzes both 

traditional and innovative teaching methods, including digital technologies, interactive learning formats, 

simulation-based methodologies, and competency-based approaches. Special attention is given to the 

specific features of teaching microbiology as a fundamental discipline that requires the integration of 

theoretical knowledge and practical laboratory skills. The experience of Russian and international 

universities in implementing active learning methods, distance learning technologies, and rating-based 

systems for knowledge assessment is systematized. The study concludes that the integration of traditional 

and innovative teaching approaches is essential for the development of professional competencies of future 

specialists. 
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Introduction 

The modern system of higher medical and biological education is undergoing a period of 

significant transformation driven by global processes of digitalization and evolving requirements 

for the professional competencies of graduates. The discipline Microbiology, Virology, and 

Immunology occupies a special place in the training of physicians, biologists, pharmacists, and 

veterinary specialists, as it forms fundamental knowledge about the interaction between 

microorganisms and macroorganisms, the mechanisms of infectious processes, and the body's 

protective immune responses [1,4]. 

The relevance of improving pedagogical approaches to teaching this discipline is determined 

by several factors. First, the rapid development of microbiological science, the emergence of new 

data on the pathogenesis of infectious diseases, and the discovery of previously unknown 

microorganisms require continuous updating of educational content. Second, the COVID-19 

pandemic demonstrated the necessity for specialists to possess skills in rapid diagnosis and 

prevention of infectious diseases, which is impossible without high-quality basic training. Third, 

the informatization of the educational environment and the introduction of distance learning 

technologies create both new opportunities and challenges for educators [2,3]. 

The purpose of this article is to analyze modern pedagogical technologies used in teaching 

microbiology, virology, and immunology in higher education institutions and to identify the most 

effective approaches to organizing the educational process. 

 

Research Methods  

The study employed a комплекс of research methods, including theoretical analysis of 

scientific and methodological literature on the teaching of microbiological disciplines; 

generalization of the experience of Russian and international universities; systematization of 

pedagogical technologies used in microbiology departments; and comparative analysis of 
traditional and innovative teaching methods. 

The research materials included scientific publications, methodological guidelines, 

educational programs, and practical developments of microbiology departments of several 
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medical and biological universities in the CIS countries, as well as international experience in 

implementing digital educational technologies. 

 

Results 

Traditional Teaching Methods and Their Evolution 

The traditional system of teaching microbiology includes three main components: lectures, 

practical (laboratory) classes, and students’ independent work. The lecture course is intended to 

provide a fundamental theoretical basis, explaining the patterns of morphology, physiology, and 

genetics of microorganisms, as well as the mechanisms of immune responses [3]. 

Practical classes aim to develop students’ skills in microscopy, preparation of microscopic 

specimens, cultivation of microorganisms, and conducting serological reactions. Independent 

work, which accounts for up to 60% of the time allocated to the discipline, includes studying 

literature, preparing for classes, and completing research tasks [3]. 

Researchers note that the traditional model, in which the student acts as a passive recipient of 

knowledge (listening and observing), allows for the transmission of a large volume of information 

within limited time frames; however, it does not sufficiently stimulate cognitive activity and 

creative thinking [3]. 

 

Innovative Pedagogical Technologies 

An analysis of the practice of teaching microbiology in modern universities has made it possible 

to identify several directions of innovative pedagogical technologies. 

 

Digital and Multimedia Technologies 

The introduction of multimedia lectures significantly increases the informativeness and visual 

clarity of the presented material. The use of presentations, video fragments, and 3D models of 

microorganisms allows students to better perceive and understand complex morphological and 

physiological processes [4]. 

Electronic textbooks and learning modules contain updated information and interactive elements 

that facilitate more effective knowledge acquisition [4]. 

Distance learning platforms such as Coursera, edX, and specialized university learning 

management systems enable students to study material at their own pace, which is particularly 

important for part-time and blended learning formats [5]. According to Federal Law No. 273 “On 

Education in the Russian Federation,” electronic learning and distance educational technologies 

may be used in implementing educational programs in any form; however, final and intermediate 

assessment in microbiology should be conducted through direct interaction with the instructor [6]. 

 

Virtual Laboratories and Simulation Technologies 

Virtual laboratories are becoming increasingly important in microbiological education, as they 

allow the simulation of processes such as the cultivation of microorganisms, diagnostic reactions, 

and DNA analysis without requiring physical presence in a real laboratory. This significantly 

reduces the costs associated with consumables and laboratory equipment while minimizing risks 

when working with pathogenic microorganisms. 

Simulation technologies make it possible to model complex biological processes, which is 

especially important when studying highly dangerous infections, work with which is often 

restricted in educational laboratories. 

 

Interactive Teaching Methods 

Modern pedagogy considers interactive methods to be among the most effective approaches for 

developing professional competencies. In interactive learning, the student transforms from a 

passive object of instruction into an active subject of interaction, directly participating in the 

cognitive process. 

Role-playing and business simulation games allow the modeling of various professional 

situations, such as admitting a patient with an infectious disease, conducting a consultative 

examination, or participating in a medical laboratory consultation. The instructor defines the tasks 

http://creativecommons.org/licenses/by/4.0)


International Journal of Integrative and Modern Medicine 

Copyright © 2026 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License 

(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium provided 

the original work is properly cited. 
145 

 

 

and problems and distributes roles among participants (emergency physician, nurse, 

bacteriologist, infectious disease specialist, primary care physician, epidemiologist). 

An example is the business simulation “Microbiological Diagnosis of Diphtheria,” during which 

students sequentially master all stages of the diagnostic process: collecting medical history, 

obtaining biological samples, transporting them to the laboratory, conducting bacteriological 

analysis, interpreting results, prescribing specific therapy, and implementing anti-epidemic 

measures at the infection site [4]. 

Case-based technologies (situational tasks) involve analyzing real or simulated clinical situations. 

Students examine a problem (for example, an outbreak of an infectious disease or a case of 

antibiotic resistance), propose possible solutions, and discuss the results within a group [3,5]. This 

contributes to the development of clinical reasoning and decision-making skills in complex 

situations. 

Training sessions are aimed at mastering specific practical skills. For instance, a training session 

on advanced bacterial staining techniques (Gram staining, Ziehl–Neelsen staining, Ozheshko, 

Burri–Gins, and Neisser methods) enables students working in small groups to sequentially learn 

staining procedures, differentiate microorganisms, and interpret laboratory results [6]. 

Discussions and round-table sessions contribute to the development of communication skills, 

critical thinking, and the ability to defend one’s viewpoint. Students analyze scientific articles, 

discuss recent discoveries in microbiology, and solve problem-based tasks [7]. 

Problem-based learning (PBL) involves solving real or simulated microbiological problems such 

as analyzing the causes of infectious disease outbreaks, developing diagnostic methods, or 

studying mechanisms of antibiotic resistance [7]. This method develops students’ skills in 

independent information search and the application of theoretical knowledge in practical contexts. 

 

Knowledge Assessment System 

Modern approaches to assessing students’ knowledge in microbiology involve a multi-stage 

system that uses various forms of evaluation [8]. 

Current assessment is conducted during each laboratory session in the form of short tests (usually 

no more than ten questions) and oral questioning requiring systematic knowledge of the lecture 

material. 

Module assessment is carried out after completing major sections of the discipline and includes 

testing (50–70 questions), evaluation of practical skills, and the defense of laboratory protocols. 

Test tasks may include different formats such as single-choice questions, multiple-choice 

questions, matching tasks, and graphical questions [9]. 

The rating system of knowledge assessment has become widely adopted in modern higher 

education. For each module, learning objectives, tasks, levels of knowledge mastery, the sequence 

of studying the material, as well as forms and deadlines for assessment are defined. Based on the 

number of rating points obtained, both the instructor and the student can objectively evaluate the 

level of preparedness [9]. 

Portfolio assessment as a cumulative evaluation method is gradually being introduced into the 

educational process. A portfolio represents a working file containing documentation of the 

student’s experience and achievements. It focuses not only on assessment but also on self-

evaluation, contributing to the development of reflective skills, professional competencies, and a 

deeper approach to learning [10]. 

 

Discussion 

The conducted analysis demonstrates that effective teaching of microbiology, virology, and 

immunology requires a balanced combination of traditional and innovative approaches. 

Traditional methods ensure the fundamental and systematic nature of knowledge, whereas 

innovative technologies promote the development of creative thinking, professional 

competencies, and learning motivation. 

It should be noted that the implementation of innovative methods must be pedagogically justified 

and correspond to the goals and objectives of a specific lesson. Researchers emphasize that 

innovative activity is closely connected with the scientific and methodological work of instructors 
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and the research activities of students [11]. 

Particular importance is attached to the competency-based approach, in which the teaching of 

microbiology is organized according to a systemic model that takes into account the individual 

characteristics of students and focuses on preparing them for future professional activity [12]. The 

competencies developed include the ability to analyze socially significant problems, readiness to 

establish diagnoses based on laboratory examination results, proficiency in using modern 

equipment, and the ability to conduct anti-epidemic measures [13]. 

The issue of implementing online learning in microbiology education requires special 

consideration. On the one hand, distance technologies expand access to educational resources and 

allow the development of individualized learning trajectories. On the other hand, the acquisition 

of practical microbiological skills is impossible without direct interaction with instructors and 

practical work in real laboratories [14]. Therefore, the most optimal approach appears to be a 

blended learning model integrating traditional teaching methods with digital technologies. 

Another promising direction is the development of students’ research competencies through their 

involvement in real scientific projects, participation in student scientific conferences, and the 

preparation of course and graduation theses related to current problems in microbiology [15]. 

 

Conclusion 

Modern methods of teaching microbiology, virology, and immunology significantly expand 

opportunities for both students and instructors, promoting deeper and more active knowledge 

acquisition. Digital technologies, interactive methods, and problem-based approaches make the 

learning process more flexible, engaging, and practice-oriented. 

The most effective pedagogical technologies in teaching these disciplines include: 

• multimedia lectures and electronic educational resources; 

• virtual laboratories and simulation technologies; 

• role-playing and business simulation games modeling professional situations; 

• case-based technologies and problem-based learning; 

• practical skills training sessions; 

• rating systems of assessment and portfolio evaluation; 

• blended learning with elements of distance education. 

Further improvement of microbiology teaching should focus on finding an optimal balance 

between fundamental knowledge and practical orientation, between tradition and innovation, and 

between classroom instruction and students’ independent learning activities. An essential 

condition for the success of the educational process is the continuous professional development 

of instructors and their readiness to master and implement new educational technologies. 
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