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Abstract. The article considers the application of digital technologies as an
effective tool for facilitating knowledge transfer within an integrated approach to
teaching a professional discipline. The aim of the study was to conduct a theoretical
analysis of the effectiveness of digital technologies as a tool for implementing an
integrated approach to the professional training of master's students in
biotechnology in a blended learning environment, using the discipline "Modern
Methods of Research of Biological Objects" as a case study. Methods. The study was
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conducted at the Department of Medicinal Chemistry and Toxicology at Bogomolets
National Medical University. The methodological basis of the study was an
integrated approach to teaching implemented using digital technologies. The
educational process was organized in a blended learning format, combining
traditional classroom instruction with a distance learning component. The
LikarNMU educational platform was used to provide digital support for learning,
offering access to teaching materials, interactive tasks, educational resources,
communication tools, and assessment instruments. Results. The essence of the
integrated approach is theoretically substantiated, and its role in the formation of
professional competencies among higher education students is defined. In this
context, the tools for information exchange across various components of the
discipline are described, including educational platforms, data visualization tools,
and communication technologies within a blended learning environment. The
didactic potential of digital tools, particularly virtual laboratories and cloud-based
services, is examined. It is emphasized that these tools primarily support
asynchronous communication, which is conditioned (better replaced) by their
reliance on client—server architecture as a fundamental principle of the global
network infrastructure. The study demonstrates that the integration of the integrated
approach with blended learning facilitates the development of a holistic system of
professional competencies required for careers in biotechnology, biomedicine, and
pharmacy, while also enhancing graduates' competitiveness in the modern labor
market. The implementation of this approach necessitates the transformation of
traditional pedagogical practices, the modernization of didactic models, the
digitalization of educational and methodological support, and the adoption of tools
for automating educational processes. Conclusions. Further development of the
integrated approach is associated with the implementation of artificial intelligence
technologies, the use of adaptive learning platforms, and the creation of

interdisciplinary digital educational environments. At the same time, it is emphasized
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that, alongside the advantages of asynchronous forms of interaction, synchronous
methods of knowledge transfer remain highly relevant and are evolving within the
digital environment.

Keywords: IT technologies, distance learning, biotechnology education.
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Anomauia: Y cmammi po3ensioacemvcsi MoO0elb SUKOPUCMAHHA YUPDPOBUX
mexHono2il AK  eeKkmusHUuli IHCmpyMeHm nepeoayi 3HAHbL )  KOHMEKCmI
IHMe2po6ano2o0 nioxo0y y BUKIAOAHHI OUCYUNIIHU NPOPeCitiHo20 CNpSAMYBAHHSL.
Mema 0ocnioxcenns - meopemuyHo nPoaAnaLizy8amu eqeKmusHiCms GUKOPUCIAHHSL

Yupposux mexHono2i SAK IHCMPYMeHmy peanizayii IHme2posano2o nioxooy y
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npogheciiinil ni02omosyi mMazicmpig-0iomexHon02i8 8 YMO8AX 3MIULAHO20 HABYAHHS
(Ha npuknadi euknadanusa oucyuniinu « CyyacHi memoou 00CHiONHceHHs: 6ioN02TUHUX
00 ’exmisy). Memoou. Jlocniodcenns nposoounocs Ha Kageopi Ximii nikie ma
Jikapcekoi  mokcuxonoeii  Hayionanenoco — meouunoco  yHigepcumemy — im.
0.0.bocomonvys. Memo0oono2iunoo 0CHOB0I0 OOCHIONCEHH CMA8 IHMe2POBAHUL
nioxio 00 BUKIAOAHHSA, peanizoearuil 3a O00NOMO20K YUPDPOBUX MEXHONOILL.
Haesuanvnuii npoyec 6ye opeanizoganuii y ¢hopmami 3MIilLAHO20 HABUAHHA, WO
NOEOHYBA8 MPAOUYiliHe AYOUMOPHE HABYAHHA 3 OUCMAHYIUHUM KOMHOHEHMOM. [
yugposoi niOmpumMKU  HABUAHHS  BUKOPUCMOBYBANACS  OC8IMH  naamgopma
LikarNMU, saxa 3ab6e3neuye oOocmyn 00 HABYAILHO-MEMOOUYHUX Mamepianis,
IHMepaKmusHUx 3a60aHb, [HMEPAKMUBHUX OCBIMHIX pecypci8, KOMYHIKAYIUHUX
iHcmpymenmie ma 3acodi8 OYiHIO8aHHs pe3yibmamis HaeuaHnus. Pezynomamu.
Teopemuyno 0OIPYHMOBAHO CYMHICMb [HME2POBAH020 NIOX00Y MA BUSHAYEHO U020
ponb y hopmysanui npoghecilinux KomnemeHmuocmeu 3000y8auis euujoi oceimu. B
YbOMY KOHMEKCMI ONUCAHO 3acobu 0OMiHYy iHpopmayiero 051 Pi3HUX KOMNOHEHMI8
BUBYEHHS OUCYUNJIIHU, 30KpeMa OocC8imHi niamgopmu, 3acobu gizyanizayii Oauux,
3acobu KoMyHiKayii mowjo, 3a ymo8 3miulanoi ¢opmu Hasuauus. lIpoananizoeano
OUOAKMUYHULL NOMEHYIal YUPDPoBUX IHCMPYMEHmI8, 30Kpema 8ipmyalbHUX
aabopamopiii. ma xmapHux cepgicig. lliokpecnoemves, wo yi iHCmpymeHmu
NepeBastCHO peanizyioms ACUHXPOHHY KOMYHIKAYII0, WO 3YMOGIEHO GUKOPUCHAHHAM
KIIEHM-CEPB8EPHOI apXimeKkmypu K 6a308020 NPUHYUNY (DYHKYIOHYBAHHS 2100ATbHOTL
cucmemu 83aEMON08 ‘sa3anux mepedxc. llokazano, wo nNOEOHaHHA [HME2POBAHO20
nioxo0y 3i 3MIWAHUM HABYAHHAM 3abe3nedye HopmMyeaHHs YinicHOI cucmemu
npogheciinux — KomMnemeHmHocmeu, HeoOXiOHUx 011  OisibHocmi Yy cghepi
biomexHonoeii, OiomeouyuHu ma  Gapmayesmuku, a MAKOHC  NIOBUWLYE
KOHKYDPEHMOCHPOMONCHICMb ~ BUNYCKHUKIB ~ HA  CYYACHOMY  DUHKY  Hpayi.
Iunnemenmayisn  3a3nayeno2o nioxody 3YMOGNIOE HeO0OXIOHICMb mpanchopmayii

MpaouUyYitiHuX nNeoa2ocivHuUx NpPaKmux, MoOepHizayii OUOAKMUYHUX MOoOeell,
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yugposizayii HaABUANLHO-MEMOOUYHO20 3a0e3NeUeHHs, A MAKONC BNPOBAONCEHHSL
iHcmpymenmie — asemomamu3zayii  oceimHuix npoyecie. Bucnoexku. [llodanvue
B800CKOHANEHHS ITHME2POBAH020 NIOX00Y N0 A3aHe 13 6NPOBAONCEHHAM MEXHOJIO02Il
WMY4H020 [HMeNeKmy, GUKOPUCMAHHAM AO0AnMUHUX OCBIMHIX niam@opm ma
p030y008010  MINHCOUCYUNTIIHAPHUX Yupposux oceimuix cepedosuy. Boounouac
HA20JIOWYEMbCA, WO Nopsad i3 nepesazamu  ACUHXPOHHUX (Gopm  83aEMOOIL
30epicacmvCsi AaKmMyaibHiCMb CUHXPOHHUX CNOCO0I8 nepeoadi 3HaHb, AKi HAOY8armo
HO8UX (hopm Y yugpposomy cepedosuiyi.

Knrouosi cnosa: IT-mexnonoeii, oucmanyitine HA8YAHHA, OIOMEXHOIO2IUHA

oceima

Introduction. Modern higher education is undergoing structural transformations
driven by the development of information and communication technologies and their
integration into the educational environment. One of the key directions in the
modernization of the educational process is the implementation of blended learning,
which combines traditional pedagogical approaches with the use of digital
educational platforms, learning management systems, remote interaction tools, and
learning analytics instruments This learning model contributes to increased flexibility
and adaptability of the educational process, enhances its practical orientation and
alignment with contemporary educational standards, and promotes the development
of students’ digital and professional competencies, thereby increasing their
competitiveness in the modern labor market [1, 2].

Contemporary military events in Ukraine and worldwide, epidemics, and other
modern challenges are shaping new requirements for the organization of the
educational process, particularly the need to ensure its continuity through digital
technologies. Under these conditions, blended learning is regarded as a fundamental

model for organizing the educational environment, as it enables asynchronous access
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to educational resources, supports synchronous interaction, and facilitates the
integration of communication and collaborative tools. Within blended learning, an
integrated approach is a key factor that ensures a balance between academic rigor and
the flexibility of the educational process [3, 4]

Literature review. Educational transformations resulting from the digitalization of
society and the rapid advancement of scientific and technological industries,
particularly biotechnology, underscore the need to update the content, forms, and
methods of training future specialists. In the context of the digitalization of education,
the integrated approach is gaining particular importance, as it involves combining
fundamental theoretical knowledge with practical skills, as well as fostering
interdisciplinary integration through the use of modern IT solutions [5-7]. Digital
technologies serve as a key instrument for implementing an integrated approach to
training master's-level specialists in biotechnology, facilitating the integration of
fundamental biological knowledge, engineering skills, and modern information tools
(bioinformatics and Al). In particular, the use of virtual laboratories, simulation
environments, cloud-based services, and intelligent learning support systems
enhances the effectiveness of mastering complex scientific concepts and contributes
to the development of students’ research and analytical skills [8, 9]. The
implementation of such an approach not only improves the efficiency of learning
outcomes but also facilitates the formation of an integrated system of professional
competencies that corresponds to the current requirements of higher education.

The rapid development of biotechnology requires specialists not only to
possess solid theoretical knowledge but also to be able to select appropriate methods
for the analysis, isolation, and purification of biological agents, operate modern
laboratory equipment, and implement the latest scientific advances in practice.
Competencies in molecular biology, genetics, cell technologies, and bioinformatics
are also essential, as they enable the integration of knowledge and skills needed to

solve complex scientific and applied problems in pharmaceutical, medical, and
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industrial biotechnology [10-13]. In this context, the course "Modern Methods for the
Study of Biological Objects" (MMSBO) plays a key role in the development of
professional competencies in master's students in biotechnology. The course involves
mastering advanced methods, analytical tools, and laboratory practices, thereby
fostering critical thinking, practical skills, and readiness to apply scientific advances
in high-tech industries.

Identification of previously unresolved aspects of the general problem. The
relevance of the study is determined by the need to identify effective ways of
implementing an integrated approach to teaching biochemistry within the context of
blended learning framework, particularly in the course “MMSBO” for master's-level
students in the specialty G21 "Biotechnology and Bioengineering" within the field of
knowledge G "Engineering, Production, and Construction" and the development of

professional competencies of master's-level biotechnologists in this course.

Purpose of the article (problem statement).

The purpose of the study is to theoretically substantiate and analyze the
effectiveness of using digital technologies as a tool for implementing an integrated
approach in the professional training of master's-level biotechnologists within
blended learning, using the example of teaching the course “MMSBO”

Formulation of the objectives of the article (research tasks):

1. to theoretically substantiate the essence of the integrated approach and
determine the role of digital technologies in its implementation within blended
learning;

2. to analyze the capabilities and didactic potential of digital technologies in
the professional training of master's-level biotechnologists;

3. to characterize a model for the use of digital tools in teaching the course
“MMSBO;

4. to identify prospects for improving the integrated approach based on the

digitalization of the educational process.
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The study was conducted at the Department of Medicinal Chemistry and
Toxicology of Bogomolets National Medical University. The methodological basis of
the study was the integrated approach to teaching the course “MMSBO, implemented
through the use of digital technologies. The educational process was organized in a
blended learning format that combined traditional classroom instruction with a
distance learning component. For digital support of learning, the educational platform
LikarNMU was used, providing access to teaching and methodological materials,
interactive assignments, interactive educational resources, communication tools, and

means of assessing learning outcomes. [14] The study employed the Action Research

methodology (practice-oriented research) [15].

Results of the study.

This study, within the framework of blended learning, considers the integrated
approach as a system-forming component of the digital educational environment that
ensures the congruence of educational content, digital tools, learning methods, and
learning technologies (Figure 1). The implementation of the integrated approach is
based on the use of information and communication technologies that enable the
incorporation of educational modules, interdisciplinary connections, and digital
resources into a unified managed system. This approach ensures the development of
professional competencies required for work in the context of Industry 4.0, enhances
the quality of training, and supports graduates' adaptation to rapidly changing
professional environments.

The combination of an integrated approach with blended learning creates
favorable conditions for intensifying the educational process and for the use of
interactive methods, digital resources, and virtual laboratories. At the same time, this
requires rethinking teaching methods, adapting teaching materials, and developing
effective pedagogical strategies, which in turn creates the foundation for

implementing an integrated approach to teaching the discipline.
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Figure 1

Structure of methodological package for the discipline *“ Modern Methods for
the Study of Biological Objects .

Educational content Digital tools
e [Lectures e Tests and surveys
e Theoretical materials e Virtual laboratories
e Demonstration videos e Video conferences
Learning methods Digital Technologies and
e Projects educational systems
e Simulation system e Cloud
e C(Cases, situational tasks infrastructure
e Local infrastructure
e C(Colocation

Benukuii mpoMizkok

Source: developed by the author

The integrated approach to teaching the discipline “MMSBO” combines
knowledge from biology, physiology, genetics, chemistry, and physics. The
implementation of this approach through the use of IT tools, including platforms for
modelling biotechnological processes, visualization of molecular structures, and big
data analysis in biomedicine, enables the analysis of biochemical processes in real or
near-real environments. This facilitates the formation of a holistic perception of

educational material and a deeper understanding of the biological principles. Such an
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approach will contribute to the development of analytical thinking and prepares
students to address complex professional tasks in a digital environment.

The integrated approach implies the cyclic and sequential nature of learning
activities, in which each stage, from the acquisition of new knowledge to its practical
application and reflection, is logically connected with the preceding one. A key
element in the implementation of this approach to teaching the discipline “MMSBO”
is the development of an electronic educational and methodological package for the
discipline, which functions as a structured set of educational resources, services, and
tools. The package integrates traditional didactic materials with digital components
(multimedia content, interactive modules, and testing systems), ensuring the integrity
of the educational process and supporting various learning scenarios.

The core element of the educational and methodological package is the course
syllabus, which defines the aims and objectives of the course, the structure of content
modules, the expected learning outcomes, and the range of competencies to be
developed in students during the study of modern physical-chemical, molecular-
biological, and bioinformatics methods for analyzing biological objects at the
molecular, cellular, tissue, organ, and organism levels. The syllabus is supported
through digital content navigation tools, hyperlinks, and integrated educational
resources. Such integration promotes the development of practical skills in working
with modern laboratory equipment and software used in biotechnology, biomedicine,
pharmacology, ecology, and scientific research. In addition, the curriculum fosters
the ability to rationally select optimal methods for studying biological objects to
solve specific scientific and applied problems in industrial and pharmaceutical
biotechnology.

The program learning outcomes of the working curriculum of the discipline
“MMSBO” involve the development of a complex of professional competencies in
future biotechnologists. A key role is played by professional and technical

competencies, including the ability to operate high-tech equipment controlled by
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computer systems, as well as to apply modern methods of bioengineering and
nanobiotechnologies, ensuring readiness for work in contemporary laboratory and
industrial environments. Analytical competencies are equally important,
encompassing the ability to critically analyze data and make evidence-based
decisions, thereby contributing to the development of critical thinking skills and the
capacity to work with large-scale biomedical datasets. Communicative competencies
also play a significant role and are developed through the exchange of experience and
the use of digital libraries, facilitating integration into the global scientific and
educational space. Thus, the professional competencies of master's-level
biotechnologists ensure their readiness for work in high-tech production
environments and for participation in international scientific collaboration.
Methodological materials for classroom work, including guidelines for lectures
and practical classes, constitute an essential component of the educational and
methodological package. They provide a structured presentation of educational
material and highlight the key aspects of lectures and practical topics, thereby
contributing to students' systematic understanding of the discipline. Methodological
materials serve as tools for integrating theoretical knowledge with practical skills, as
they include algorithms for laboratory procedures, examples of modern
biotechnological methods, and assignments for independent work. Their use enables
students to more effectively master the learning content, develop critical thinking,
and enhance the ability to analyze complex biological processes. In addition,
methodological guidelines facilitate the adaptation of the educational process to the
digital environment by integrating multimedia resources, interactive simulations, and
data visualization platforms. This creates conditions for the development of
professional competencies required in biotechnology, including the ability to operate
modern laboratory equipment, apply digital data analysis tools, integrate
interdisciplinary knowledge, and implement innovative projects in high-tech

pharmaceutical biotechnology production.
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An equally important element of the integrated approach is the principle of
knowledge visualization and structuring, which underlies the organization of
classroom activities. Lecture content is organized through the use of multimedia
technologies and data visualization tools such as Microsoft PowerPoint, Canva, and
Google Slides, which enable effective visualization of information during lectures.
The use of these technologies enhances students' information perception, as they are
able to observe not only textual explanations but also dynamic diagrams, interactive
models of cellular processes, and molecular structures. Multimedia presentations,
interactive graphs, 3D models, and simulations help transform complex biological
and biotechnological processes into clear and comprehensible visual representations
for students. This creates conditions for the development of a holistic understanding
of the learning material and a deeper grasp of biological patterns.

In addition, digital visualization during lectures enhances interactivity and
student engagement, as learners can interact with educational materials in real time,
analyze simulation results, and participate in group discussions. This approach not
only increases motivation but also develops skills in working with modern
information systems, which are essential for future professional activity in
biotechnology. Digital presentations, video content, interactive schemes, and
diagrams are used to facilitate the structuring of complex biochemical processes and
optimize cognitive load. The integration of such tools with distance learning
platforms enables the implementation of adaptive content delivery scenarios and
enhances the effectiveness of knowledge acquisition. This approach contributes to the
development of analytical abilities and interdisciplinary thinking, while also
facilitating students’ comprehension and retention of educational material.

One of the key principles of the integrative approach to teaching the discipline
“MMSBO” is the practical orientation of learning. Practical classes in biochemistry
are organized on the basis of clearly structured methodological guidelines that ensure

the stepwise completion of tasks. The practical component of learning is
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implemented through a combination of traditional laboratory classes and digital
simulation tools. The use of cloud services and specialized software such as NCBI
(National Center for Biotechnology Information), BLAST (Basic Local Alignment
Search Tool) and PyMOL enables master's students to model the three-dimensional
structures of proteins, identify homologous protein and DNA sequences, analyze
genomes, and predict experimental outcomes prior to laboratory work. This approach
integrates information technology competencies with fundamental biological
knowledge. The use of virtual laboratories, interactive modules, and video
instructions integrated into the distance learning platform (particularly through QR
codes and hyperlinks to relevant video resources hosted on the LikarNMU distance
learning platform) provides opportunities for reproducing experimental procedures in
a digital environment. In particular, the Labster platform enables students to immerse
themselves in complex biological systems under conditions close to real laboratory
practice and to practice, for example, the polymerase chain reaction protocol or work
with bioreactors without the high costs associated with laboratory equipment and
reagents. The laboratory journal is presented in a hybrid format and includes a
description of the methodology and experimental procedures, problem-oriented tasks,
structured experimental protocols, control questions, as well as sections for recording
research results and formulating conclusions, thereby contributing to the development
of information management and interpretation skills. This format of learning provides
students with the opportunity to model biotechnological and biomedical processes,
develops their practical readiness for experimental research, fosters critical thinking,
and enhances their motivation.

The integrative approach to teaching the discipline is implemented through the
application of the active learning principle. The activation of learning activities is
ensured through the use of interactive digital resources, including an electronic
workbook for independent study (both classroom-based and extracurricular), testing

systems (educational and methodological manuals containing test tasks and
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explanations of correct answers), and video content, particularly via YouTube, where
more than 140 demonstration videos are available. The use of such resources
enhances the clarity, practical orientation, and accessibility of educational material, as
well as supports reflective tasks (essays, analytical schemes, comparative tables),
which facilitate students’ independent work and contribute to increased motivation to
study the methods related to biological objects. This learning format fosters critical
thinking, develops professional competencies, and ensures the integration of
theoretical knowledge with practical skills in a modern educational environment.

The system of knowledge assessment and evaluation within the integrated
approach under blended learning conditions is implemented through the use of digital
tools for monitoring and learning analytics. It includes both formative assessment
(testing, mini-cases, online surveys) and summative assessment (final examination)
using online testing tools such as Google Forms, Kahoot!, and Quizizz, as well as
case-based tasks and automated assessment systems. These are implemented in a
blended format combining written and online forms of assessment. Assessment is
carried out according to clearly defined criteria that encompass the level of
knowledge acquisition, the development of practical skills, and the formation of
analytical thinking. The use of digital platforms makes it possible to perform prompt
analysis of learning outcomes and to implement mechanisms of self-assessment and
adaptive adjustment of the educational process. Educational analytics tools integrated
into the distance learning platform of NMU provide the ability to monitor students'
progress, level of content mastery, and individual learning trajectories. The use of
such technologies creates conditions for the personalization of the educational
process, as instructors gain access to detailed statistics on students' learning activities,
achievements, and difficulties. This enables timely adjustment of teaching methods,
adaptation of learning materials, and development of effective pedagogical strategies.
Thus, digital monitoring and educational analytics tools serve not only as instruments

of control but also as a powerful resource for the development of innovative
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education focused on the integration of knowledge, practical skills, and digital
literacy.

The use of digital tools in the study of the discipline is an important factor in
the formation of students' professional competencies. These tools enable students to
track their own progress, analyze learning outcomes, and adjust their educational
trajectories in a timely manner. In addition, the integration of digital platforms into
the learning process supports the development of independent learning skills, which
is particularly important in the context of the rapid advancement of information
technologies, where future specialists must be able to adapt to new challenges and
use modern tools to solve professional tasks. Another important aspect is the
personalization of learning: digital monitoring systems allow instructors to take into
account individual student characteristics, levels of preparation, and pace of learning.
As a result, a more flexible and effective educational environment is created, oriented
towards the needs of higher education students.

Conclusions. Thus, the proposed model may be interpreted as a scalable digital
educational system aimed at preparing specialists capable of functioning effectively
under conditions of dynamic technological change. The use of digital technologies as
a tool for implementing an integrated approach to the study of biochemistry ensures
the formation of a holistic, manageable, and adaptive educational environment
focused on the development of professional and digital competencies among students
of higher pharmaceutical education, thereby enhancing their competitiveness in the
context of digitalization.

The combination of the integrated approach with blended learning creates
optimal conditions for intensifying and activating the educational process by ensuring
the effective use of interactive methods, digital resources, and virtual laboratories.
The implementation of such a strategy contributes to improving the quality of
learning outcomes, fostering critical thinking, interdisciplinary analysis, and the

development of independent problem-solving skills. This, in turn, leads to an
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increased level of professional competence among future specialists who are capable
of working effectively in modern enterprises in the pharmaceutical, food, and
microbiological industries.

The combination of blended learning with the integrated approach should be
regarded as an effective model for designing a digital educational environment that
ensures the synergistic integration of educational content, pedagogical methods, and
technological tools into a unified functional system. The implementation of such a
strategy contributes to increasing the effectiveness of the educational process by
optimizing access to information resources, structuring educational content, and
supporting intensive interaction among participants in the educational process.

At the same time, the implementation of this approach necessitates the
transformation of traditional pedagogical practices, the modernization of didactic
models, the digitalization of teaching and methodological support, as well as the
introduction of tools for the automation of educational processes. Further
improvement of the integrated approach is associated with the implementation of
artificial intelligence technologies, the use of adaptive educational platforms, and the

development of interdisciplinary digital educational environments.
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