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Abstract. This article presents issues related to improving the methodology of teaching
biophysics in higher medical education institutions through innovative pedagogical
approaches. The relevance of the study is determined by the need to enhance the quality of
biophysics education in modern medical education, develop students’ competencies in
integrating theoretical knowledge with practical activities, and effectively utilize digital
educational technologies. During the research, the impact of problem-based learning, clinical
case-based teaching, project-based learning, virtual laboratories, e-learning platforms, and
interactive teaching methods on the effectiveness of biophysics education was investigated.
The results of the pedagogical experiment demonstrated that the systematic implementation of
innovative teaching methods significantly improves students’ academic achievement,
independent thinking, clinical reasoning, and professional competencies. The findings confirm
that integrating traditional teaching approaches with modern pedagogical technologies is an
important factor in improving the quality of biophysics education.
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AHHoTanusA. Yoy mMakojazna oiui THOOMI TabnuM Myaccacanapuja ouodpusuka GpaHuHHu
VKUTHII METOTUKACHHA WHHOBAIIMOH TENaroruk €HJanryBiIap acoCcHaa TaKOMUJLIAIITHPHUIII
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Macajanapy EpuTuiarad. TaJKUKOTHUHT A013apOJIMry 3aMOHaBU THOOMH TabJIMM LIAPOUTHAA
ouodpusuka GaHUHU YKUTUII CU(ATHHM OIIMPHUII, TanadaJapHUHT Ha3zapuil OMIMMIIAPUHU
amManuil QgaonuATr OWiaH MHTErpauusiIall KOMIETECHIMSUIADUHM PUBOMKIAHTHUPUII XamJa
paKamIIi TabJIUM TEXHOJOTHsIIApUIaH caMapaiiy (oiiJaiaHuI 3apypaTu Onnan OeNruiaHau.
TagkukoT 7aBoMHIa MyaMMOJIU TabJIUM, KIMHUK Ba3UsATIapra acocjaHraH YKUTHIL, Jloiuxara
acoCIaHTaH TabJIMM, BUPTyaa JlabopaTopusulap, JIEKTPOH TabJIUM IUIaTdopMaaapu Ba
uHTepGhaoa YKUTUII METOJUIApUHUHI Ouodu3MKa TabIMMU CcamMapajopiurura TabCUPU
Vpranwnau. Ilenaroruk Takpu0Oa-CMHOB HaTH>KajJapy HMHHOBALMOH YKUTUII METOJJIapUHU
TU3MMIIM paBUILJA KOPUHM 3TUII TanaballapHUHT Y3JAITHPUII KYpCaTKUWIapH, MYCTaKuII
¢bukpram KOOWIMATH, KIMHUK TadakKypd Ba KacOWH KOMIETEHIMUIAPUHU CE3WIIapIu
JapaxkaZga PUBOXKIAHTUPULIMHU KypcaTau. ONMHTaH HaTHKalap aHbaHaBUM YKUTHUII
EHIANIyBIAPHHNA 3aMOHABHI TMEIAarOrMK TEXHOJIOTHsIap OWJIaH MHTETpanusiam Onopu3nuka
TabJIUMH CU()ATHHU OLUMPUIITHUHT MyXUM OMHJIM SKAHIUTUHH TacIUKIIaiIu.

Kamut cy3nap: Ounodusuka, THOOMI TabIMM, WHHOBAIMOH IENAroTWK TEXHOJOTHSIIAP,
uHTep(haoa YKUTUII METOUIapH, KIMHHUK Ta(akkyp, KOMIETEHLUUSABUN EHIAIIYB, pakaMiiud
TabJIUM, BUPTyal JabopaTopusl.
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MOJIXO/10B IMPU MPENOJIABAHUU
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AHHOTauus. B 1aHHOI cTaThe paccMaTpUBaIOTCS BONPOCHI COBEPIIEHCTBOBAHUS METOIUKU
npernoaBaHusi OMOQU3WKKA B BBICIIMX MEIUIIMHCKHX O00pa30BATENbHBIX YUPEKICHHUSIX Ha
OCHOBE MHHOBAIIMOHHBIX I€JarorHYeCKUX TMOAXOMOB. AKTYalbHOCTb HCCIIEOBAHUS
00yci0oBJIeHa HeOOXOAMMOCTHIO TIOBBIIIEHHS KAYeCTBA MPET0IaBaHMs OMOPHU3UKH B YCIOBHUIX
COBPEMEHHOI'0 MEIUIUHCKOIO OO0pa3oBaHMs, PA3BUTUS Y CTYIEHTOB KOMIIETCHIIMH I10
WHTETPAIIN TEOPETUICCKUX 3HAHWH C MMPAKTHYECKON I TEFHOCTHIO, a TaKkKe () (HEeKTUBHOTO
MCMOJIb30BaHUs IIM(PPOBBIX 00pa3oBaTENbHBIX TEXHOJIOTHH. B X0/1€ nccnenoBanus n3yyanoch
BIIMSTHHE TIPOOJIEMHOTO 00Y4YeHHs, 0Oy4YEeHHUSI Ha OCHOBE KIIMHUYECKUX CITy4aeB, MPOEKTHOTO
o0y4yeHHs, BHUPTYaIbHBIX Ja0OpaTOpHid, 3JIEKTPOHHBIX O00Opa30BaTENbHBIX IUIATGOPM U
MHTEPAKTUBHBIX METOJOB IMpernojaBaHusi Ha dJ(PQPEKTUBHOCTh OO0y4yeHHs Ouodusuke.
Pe3ynbTaThl mearornyeckoro 3KCHepUMeHTa MOKa3ajih, YTO CHCTEMAaTHYeCKOe BHEApPEHHE
WHHOBAIlMOHHBIX ~ METOJIOB  OOYYEHHS CIIOCOOCTBYET 3HAYUTEIHHOMY  ITOBBIIICHHUIO
aKaJIeMUYECKON yCIIeBa€MOCTH CTYJCHTOB, DPAa3BUTHIO CAMOCTOSTEILHOTO MBIIIJICHUS,
KIIMHAYECKOTO MBIIIICHUS M TMPOPECCHOHATBHBIX KOMITeTeHIMHA. [lorydeHHbIe pe3yIbTaThl
MOJITBEPKIAIOT, YTO MHTErpalys TPaJUIUOHHBIX MOAXOI0B K 00Y4YEHHIO C COBPEMEHHBIMU
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MEeIarOTHYECKUMU  TEXHOJIOTHSIMHU SIBIISICTCS Ba)KHBIM (DAKTOPOM TIOBBIIIEHUS] KadyecTBa
npernoiaBaHusi 0MO(QU3UKH.

KiaroueBbie ciaoBa: Ounodusuka, MEAWIIMHCKOE  O00Opa3oBaHWE, HWHHOBAIIMOHHBIC
MeIarOrMYeCKUe TEXHOIOTUH, HHTEPAKTHUBHBIE METOJIbI O0YUYEHNUs, KIMHUYECKOE MBIIIICHHE,
KOMITETEHTHOCTHBIN TI0J1X0/1, IM(poBOE 00pa3oBaHuEe, BUPTyaIbHAS JIaA0OpaTOPHS.
Introduction

In recent years, ongoing reforms in higher medical education have identified the
development of future physicians’ practical skills, clinical reasoning, independent decision-
making abilities, and professional competencies, alongside theoretical knowledge, as one of
the primary objectives of the educational process. Achieving these goals requires strengthening
the role of fundamental sciences, particularly biophysics. As a discipline that studies the
physical principles governing biological systems, biophysics provides the scientific foundation
necessary for understanding physiology, pathology, medical diagnostics, biomedical
engineering, and modern medical technologies.

The rapid development of modern healthcare systems and the widespread
implementation of advanced diagnostic and therapeutic technologies have introduced new
requirements for the quality of medical education. Effective use of medical technologies such
as magnetic resonance imaging (MRI), computed tomography (CT), ultrasonography,
electrophysiological diagnostic techniques, laser technologies, and medical devices
incorporating artificial intelligence requires students to possess a comprehensive understanding
of biophysical principles. Therefore, improving both the content and teaching methodology of
biophysics in accordance with contemporary educational requirements has become an
important scientific and pedagogical challenge.

Educational practice indicates that teaching biophysics solely through traditional
lectures and reproductive teaching methods is insufficient to stimulate students’ interest in the
subject. When complex physical concepts and mathematical models are presented without
connection to clinical situations, students often experience difficulties applying theoretical
knowledge in their future professional practice. Consequently, there is a growing need to
strengthen the integration of biophysics with clinical disciplines and to introduce innovative
pedagogical technologies into the educational process.

Innovative educational approaches transform students from passive recipients of
knowledge into active learners who explore, analyze, and apply knowledge in practical
contexts. Problem-based learning, clinical case analysis, project-based learning, virtual
laboratories, simulation-based training, digital learning platforms, and interactive assessment
methods contribute to the development of independent thinking, increased professional
motivation, and deeper understanding of educational content. In particular, virtual modeling of
abstract physical phenomena in biophysics facilitates a clearer and more accessible
understanding of complex theoretical concepts.

A review of the scientific literature indicates that numerous studies have addressed
improvements in the methodology of teaching biophysics. However, insufficient attention has
been paid to the comprehensive integration of biophysics with clinical sciences, the
implementation of innovative pedagogical technologies within a unified methodological
framework, and the comprehensive statistical evaluation of their educational effectiveness.
This situation highlights the necessity of developing scientifically grounded methodological
recommendations in this field.
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The aim of this study was to improve the methodology of teaching biophysics in higher
medical education institutions through innovative pedagogical approaches and to evaluate the
educational effectiveness of the developed methodology based on the results of a pedagogical
experiment.

2. Materials and Methods

This study was conducted through pedagogical experimental research aimed at
improving the methodology of teaching biophysics in higher medical education institutions
using innovative pedagogical approaches and evaluating their impact on educational
effectiveness. A comprehensive research methodology was employed, including pedagogical
observation, questionnaires, achievement testing, assessment of practical assignments,
statistical analysis, and comparative evaluation.

2.1. Study Design

The research employed a quasi-experimental study design. Experimental and control
groups were established to compare the effectiveness of different instructional approaches. The
experimental group received instruction based on a newly developed innovative
methodological framework, whereas the control group studied biophysics using the
conventional curriculum and traditional teaching methods routinely implemented in higher
medical education institutions.

2.2. Study Participants

A total of 740 students participated in the pedagogical experiment, including:

« Experimental group — 500 students;
« Control group — 240 students.

The experimental and control groups were comparable in terms of their initial level of
academic preparedness, academic performance, and fields of specialization. Particular attention
was given to ensuring that both groups were equivalent regarding the educational program,
year of study, curriculum, and course workload.

2.3. Developed Methodological Model
The experimental group was instructed using a competency-based methodological model
specifically developed for teaching biophysics. The model incorporated the following
components:
+ Problem-based learning (PBL);
« Case study-based instruction using clinical scenarios;
+ Project-based learning;
+ The Flipped Classroom model;
+ Collaborative learning in small groups;
« Virtual laboratory activities;
+ Learning Management System (LMS)-based instruction;
»  Multimedia educational resources;
« Interactive presentations;
+ Digital assessment technologies.
These instructional approaches were designed to integrate the theoretical foundations of
biophysics with clinical disciplines, promote students’ independent learning, and facilitate the
development of practical professional skills.
2.4. Educational Content
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The innovative methodology was implemented in teaching the following major topics of
biophysics:
- Transport of substances across biological membranes;
+ Bioelectrical phenomena;
« Bioenergetic processes;
« Fundamentals of hemodynamics;
« Medical applications of optical phenomena;
« Ultrasound diagnostics;
« Laser technologies;
» Fundamentals of medical electronics;
« Fundamentals of biomedical signal and medical image processing.
Each topic was reinforced through clinical case-based assignments, laboratory exercises, and
interactive classroom discussions closely related to medical practice.
2.5. Assessment Criteria
A multidimensional assessment system was employed to evaluate students’ knowledge
and professional competencies. The evaluation covered the following domains:
+ Level of theoretical knowledge;
+ Quality of practical task performance;
« Ability to analyze clinical cases;
+ Independent learning skills;
« Teamwork competency;
+ Critical and logical thinking;
« Ability to integrate biophysical knowledge into clinical disciplines.
Students' achievements were assessed using written examinations, standardized tests, practical
laboratory performance, project work, presentations, and oral examinations.
2.6. Data Collection
During the pedagogical experiment, the following data were collected:
« Results of pre-test and post-test diagnostic assessments;
+ Students' performance scores obtained during the educational process;
« Effectiveness of practical laboratory sessions;
+ Students' motivation toward learning biophysics; ¢ Expert evaluations provided by
nstructors;
+ Results of student questionnaires.
All collected data were entered into a unified electronic database and prepared for subsequent
statistical analysis.
2.7. Statistical Analysis
The collected data were analyzed using mathematical and statistical methods. Statistical
analyses were performed using IBM SPSS Statistics software. Differences between the
experimental and control groups were evaluated using the Chi-square () test. Statistical
significance was established at p < 0.05. To compare the final learning outcomes of the
experimental and control groups, the observed and expected frequencies for each achievement

level were calculated, and the y? statistic was determined using the following formula:
2_yk (0i-ED’
X =iz E;

Here:
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« O; — Observed frequency;
« Ei — Expected frequency
The calculated y* value was compared with the critical value to determine the statistical
significance of the differences between the groups.

2.8. Reliability of the Study

The reliability of the study was ensured by teaching both the experimental and control
groups using the same curriculum, applying standardized assessment criteria, verifying the
obtained results through mathematical and statistical analyses, and reanalyzing the
experimental findings at multiple stages of the study.

3. Results

The effectiveness of the innovative methodology for teaching biophysics, developed on
the basis of innovative pedagogical approaches, was evaluated by comparing the outcomes of
the experimental and control groups. The analysis comprehensively examined students'
theoretical knowledge, practical skills, clinical reasoning abilities, and competencies in
integrating biophysical knowledge with specialized medical disciplines.

The results of the diagnostic assessment conducted before the pedagogical experiment
demonstrated that there were no statistically significant differences between the experimental
and control groups in terms of their initial level of academic preparedness (p > 0.05). This
confirmed the comparability of the groups and provided a reliable basis for evaluating the
effectiveness of the implemented teaching methodology.

At the conclusion of the experiment, students who were taught using the innovative
instructional methodology demonstrated significantly higher achievement in biophysics than
those who received traditional instruction. The proportion of students achieving a high level of
academic performance reached 96.8% in the experimental group, compared with 81.7% in the
control group. These findings indicate that the innovative methodological framework
substantially improved the effectiveness of teaching biophysics.

3.1. Students' Academic Achievement in Biophysics
The levels of academic achievement in biophysics among students in the experimental and
control groups are presented below.

Control groups after B gpEalE] groups
. o after the experiment
the experiment (%) o
(%)
{&czfdemlc performance 81.7 96.8
indicator
fAcztdemlc quality 31,7 57.4
indicator
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The data presented in the table indicate that the proportion of students who achieved a
high level of academic performance in the experimental group, where innovative pedagogical
technologies were implemented, was 15.1 percentage points higher than that of the control
group.

Students’ participation in practical classes and the quality of laboratory task
performance also improved significantly. The students in the experimental group demonstrated
superior ability to relate biophysical phenomena to clinical situations, explain the operating
principles of medical equipment, and apply physical laws in practical medicine.

3.2. Dynamics of Competency Development

During the pedagogical experiment, the development of the following competencies
among students was observed:

- ability to integrate theoretical knowledge with practical applications;

«  ability to analyze clinical cases;

- ability to explain biophysical processes based on scientific principles;

- ability to explain the operating principles of medical diagnostic devices;
«  teamwork and scientific communication skills;

«  ability to plan and organize independent learning activities.

The majority of students in the experimental group achieved high levels of performance
in independently solving complex biophysical problems, analytical thinking, and drawing
scientifically justified conclusions.

3.3. Results of Statistical Analysis

The differences between the outcomes of the experimental and control groups were
evaluated using the Chi-square (%) test. The statistical analysis yielded the following results:

«x>=15742

«df=3

*p<0.05
The calculated y* value was substantially higher than the critical value of > = 7.81 at the 95%
confidence level.
57.42>17.81
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Therefore, the null hypothesis was rejected, confirming that the differences between the
experimental and control groups were statistically significant.

3.4. Effectiveness of the Innovative Teaching Methods

Pedagogical observations revealed several positive outcomes resulting from the
implementation of innovative teaching methods:

- increased student participation during classroom activities;

- more effective organization of independent learning time;

- improved understanding of complex biophysical processes through virtual
laboratories;

- enhanced ability to solve clinical case scenarios;

- improved understanding of interdisciplinary integration;

- increased motivation toward studying biophysics.

Furthermore, the use of electronic learning platforms and digital assessment tools
enhanced the transparency of the educational process and expanded students' opportunities for
self-assessment and self-monitoring.

3.5. Overall Results

The findings of the pedagogical experiment demonstrated that the implementation of
the innovative methodological model significantly improved the effectiveness of teaching
biophysics. The obtained results confirmed the durability of students' knowledge, the
successful development of practical skills, and the enhancement of their professional
competencies.

4. Discussion

The findings of this study confirm that teaching biophysics in higher medical education
institutions through innovative pedagogical approaches has a positive impact on students'
learning outcomes. At the end of the pedagogical experiment, students in the experimental
group demonstrated a higher level of academic achievement in biophysics than those in the
control group, and statistical analysis confirmed that this difference was significant (y*> = 57.42;
p < 0.05). These findings provide scientific evidence supporting the effectiveness of the
proposed methodological model.

The innovative teaching methods implemented during the study facilitated the
integration of the theoretical content of biophysics with clinical practice. In particular, problem-
based learning, clinical case analysis, project-based learning, and the use of virtual laboratories
enabled students to better understand complex biophysical processes. This educational
approach promoted active learning and enhanced students' abilities to independently acquire,
analyze, and apply knowledge in practical clinical situations.

Pedagogical observations indicated that students became active participants in the
learning process when innovative teaching methods were employed. Group discussions,
clinical case-based activities, and the use of digital learning platforms contributed to the
development of students' communication skills, teamwork abilities, and professional
motivation. Consequently, students perceived biophysics not merely as a theoretical discipline
but as an applied science closely integrated with clinical medicine.

The results also support the principles of the competency-based approach widely
emphasized in contemporary educational theory. Students who participated in learning
activities based on innovative instructional methods not only acquired knowledge but also
developed competencies in analyzing, synthesizing, applying knowledge to clinical situations,
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and drawing scientifically justified conclusions. As a result, the integration of biophysics with
other medical disciplines was strengthened, and students' understanding of interdisciplinary
relationships was significantly improved.

Furthermore, the study demonstrated the advantages of using virtual laboratories and
electronic educational resources. These technologies enabled the simulation of complex
physical processes, repeated performance of experiments, and visual presentation of
educational content. Such tools proved particularly valuable in educational settings with
limited laboratory equipment, helping to maintain the effectiveness of practical training.
Students successfully related the experience gained in virtual laboratory sessions to real clinical
practice.

Another important feature of the proposed methodological model is its systematic
integration of biophysics with specialized medical disciplines. The inclusion of examples from
physiology, pathophysiology, medical technology, diagnostics, and clinical sciences during
instruction highlighted the practical significance of biophysical principles. Consequently,
students increasingly recognized biophysics as a fundamental scientific discipline essential for
their future professional practice.

Nevertheless, the present study has several limitations. Since the pedagogical
experiment was conducted in a limited number of higher medical education institutions and
within a specific period, caution should be exercised when generalizing the findings to all
medical universities. In addition, the successful implementation of innovative teaching
methods depends on instructors' methodological competence, the availability of appropriate
educational resources, and the quality of digital infrastructure.

Future research should focus on integrating artificial intelligence-based adaptive
learning systems, immersive virtual reality technologies, augmented reality applications, and
individualized learning pathways into the teaching of biophysics. Furthermore, investigating
the applicability of the proposed methodological model to other fundamental and clinical
medical disciplines would have both scientific and practical significance.

Overall, the findings demonstrate that innovative pedagogical approaches are effective
tools for improving the quality of biophysics education, enhancing students' professional
competencies, and strengthening the practice-oriented nature of medical education.

S. Conclusion

Based on the findings of this study, the following conclusions can be drawn:

1. Organizing the teaching of biophysics in higher medical education institutions
through innovative pedagogical approaches provides greater effectiveness in developing
students' theoretical knowledge, practical skills, and professional competencies compared with
traditional teaching methods.

2. Integrating biophysics education with problem-based learning, clinical case analysis,
project-based learning, virtual laboratories, and digital educational technologies positively
influences students' understanding of interdisciplinary relationships, independent thinking, and
clinical reasoning.

3. The results of the pedagogical experiment demonstrated that students who studied
using the innovative methodological model achieved significantly higher academic
performance in biophysics than those in the control group. Statistical analysis (> = 57.42; p <
0.05) confirmed that the observed difference was statistically significant.
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4. The proposed methodological model integrates the theoretical foundations of

biophysics with clinical disciplines, thereby preparing students to understand modern
diagnostic and therapeutic technologies and developing the professional competencies required
for future medical practice.

5. The systematic implementation of innovative pedagogical technologies improves the

quality of biophysics education, promotes a student-centered learning environment, and
expands opportunities for the effective use of digital educational resources.
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