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Abstract

Biotechnology, as a modern science, encompasses knowledge based on com-
plex biological processes in its content. Delivering this knowledge to stu-
dents in an understandable and simple way can lead to the effective for-
mation of scientific concepts in them. In order to increase the level of stu-
dents’ knowledge in the sciences, the scope of using various methods and tools
to explain the content of educational materials in detail and convey them to
students is expanding. Among these methods, methodologies related to the use
of interactive educational resources occupy a special place. The research work
is aimed at assessing the impact of the use of interactive educational resources
prepared by visualizing educational materials in higher educational institu-
tions in the subject “Biotechnology” on students’ academic performance. The
results of experiments conducted in experimental and control groups provided
important information for assessing the educational effectiveness of the inter-
vention of interactive educational resources prepared by visualizing educa-
tional materials. The statistically significant difference between the two groups
confirms that the studied method had a positive effect on the formation of
knowledge of complex biotechnological concepts in the experimental groups
of students. The extensive use of interactive educational resources in educa-
tional activities helps students to study the relevant topic in more depth and
increases their enthusiasm for studying the topics.
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1. Introduction

Technological development of the educational process is understood as the organ-
ization of an effective didactic process in accordance with the established educa-
tional goals. In this process, the development of professional and pedagogical
skills of teachers requires the organization of their knowledge, skills and compe-
tencies on the basis of a modern technological approach (Osorio et al., 2025). For
this purpose, pedagogical technologies related to foreign didactics, interactive
methods, modern forms and means of teaching are used in pedagogical processes.
When designing pedagogical technologies, they are tested in pedagogical experi-
ence—the dynamics of the development of teachers’ pedagogical skills are studied
and scientifically based conclusions are drawn on the improvement of pedagogical
technologies. As a result, the educational process is organized on the basis of more
effective, systematic and innovative approaches (Allayarova et al., 2020; Djabba-
rov et al., 2024). Teaching specialized subjects in higher education institutions
should expand the possibilities of using new information and pedagogical tech-
nologies, based on the specific characteristics of teaching subjects (Liu et al., 2025).

Today, there is no sphere where computers have not penetrated. Education oc-
cupies a leading place among these spheres. The effective use of information and
communication technologies in educational institutions is becoming an integral
part of the organization of modern educational processes. Professors and teachers
should have the skills to create educational electronic tools that meet the require-
ments of the time, to purposefully introduce them into the educational process,
and to use electronic textbooks, electronic libraries, digital platforms and other
innovative educational resources (Djamirzayev, 2023).

In recent years, one of the important requirements for the organization of mod-
ern education is the development and application of methodologies that ensure
in-depth mastery of the content of the subjects being taught by students in a
short time, without excessive physiological, mental and physical effort. Deliver-
ing certain theoretical information to students in a short time and forming their
knowledge of certain concepts requires a new approach. A number of studies have
shown that the effectiveness of new approaches used in many developed countries
directly depends on the types of tools used to convey the content of the subject
and the methods of their application (Almara’beh et al., 2015). In this regard, the
correct choice of the means and methods of conveying information to students is
of great importance in teaching specialized subjects with a rather complex educa-
tional content.

In the process of teaching specialized subjects in prestigious universities around
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the world, special attention is paid to the virtualization of subject content and its
delivery to students in the form of electronic resources (Osin, 2003). Experts note
that the attractiveness of using electronic resources is directly related to the fol-
lowing properties:

1) Transforming abstract concepts into concrete information;

2) Providing a large amount of information in a limited time, that is, in a short
time;

3) Arousing students’ interest in learning;

4) Providing the teacher with the opportunity to assess students’ knowledge
(Haleem et al., 2022).

Multimedia is considered a useful and productive educational technology due
to its ability to take into account the individual characteristics of learners and help
increase their interest (motivation), as well as the combination of various types of
multimedia educational information, interactivity, and flexibility (Guafia-Moya et
al., 2022).

Multimedia tools are effective and promising teaching tools that provide the
teacher with a wider range of information than traditional sources; they use not
only text, graphics, diagrams, but also sound, animations, video, etc. in a visual
and integrated manner; and create the opportunity to sequentially select types of
information in accordance with the level of perception and logical learning of
learners. In order to fully reveal all the possibilities of multimedia technologies
and use them effectively, learners need the support of a competent teacher (Chu-
riev et al., 2023).

One of the disciplines that is developing rapidly today and requires precision
and practical experience is the science of “Biotechnology”, the complex processes
of which cannot be explained through traditional teaching. As a solution to this,
the use of modern software tools in teaching processes through non-traditional
teaching methods is becoming an important factor in improving the quality of
education.

In teaching the science of “Biotechnology” using modern software tools, the
opportunity to explain complex biological, chemical and technological processes
in a visual, interactive and modeled form is created. In this case, the educational
process is carried out on the basis of integrating lecture, practical and independent
learning activities with the digital environment. Modern software tools are ac-
tively used in educational processes such as presenting new knowledge, consoli-
dating knowledge, developing practical skills in students, monitoring and evalu-
ating (Haberbosch et al., 2025).

Informatization of education is of great importance in conducting teaching
processes using modern software tools. Today, text-based resources are being re-
placed by highly interactive, multimedia-rich electronic educational resources.
Active interaction between electronic educational resources and the user is the
main advantage and strategic task of informatization of education. The level of
activity in the use of interactive electronic educational resources is one of the im-
portant indicators of their quality (Abdukadirova, 2022).
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From a technical point of view, electronic educational resources are a set of
programs and data. From a consumer point of view, they are a set of meaningful
elements that represent the content, that is, objects, processes, abstractions that
are the subject of study (Uspayeva & Gachaev, 2023). In addition, content-inde-
pendent elements of the graphical user interface of electronic educational re-
sources include elements that allow for personal settings (volume, font size, etc.).
In general, the use of navigation and customization elements constitutes the user’s
interaction with electronic educational resources (Shadmanova et al., 2024).

Based on the above, the aim of this research work was to assess the potential of
using interactive educational resources in teaching topics related to complex bio-

logical processes in “Biotechnology”.

2. Materials and Methods
2.1. Research Objects

During the pilot study conducted within the framework of the research, experi-
mental and control groups were selected in selected higher education institutions
and 210 respondent students were involved in the pilot study. Thus, 3 groups were
involved in the pilot study at the Samarkand State Pedagogical Institute, the num-
ber of students was 75, and 1 group was involved in the control study, the number
of students was 27, at the Samarkand State University named after Sharof Ra-
shidov, the number of students was 45, and 1 group was involved in the pilot study
at the Samarkand State University of Veterinary Medicine, Animal Husbandry
and Biotechnology, the number of students was 20, and 1 group was involved in

the control study, the number of students was 19 (Table 1).

Table 1. Information about participants involved in pedagogical experiments.

Name of higher education
institution

Samarkand State Pedagogical
Institute

Samarkand State University
named after Sharof Rashidov

Samarkand State University of
Veterinary Medicine, Animal
Husbandry and Biotechnology

Total

Including
Total
Control group Experiment group

Number of Number of Group number Number of Group number Number of

groups students (name) students (name) students
3 (321; 343;
4 102 1 (320) 27 75
344)
3 69 1 (201) 24 2 (202; 203) 45
2 39 1 (202) 19 1 (201) 20
9 210 3 70 6 140

2.2. Procedures

Initially, the content of the model Module/subject syllabus of the subject “Biotech-
nology” taught in higher education institutions was studied. By analyzing this sub-

ject syllabus and studying the distribution of topics across the curriculum, it was

DOI: 10.4236/ce.2026.175051

817 Creative Education


https://doi.org/10.4236/ce.2026.175051

D.T. Gulboev et al.

considered appropriate to prepare interactive educational resources from 13 sci-
ence topics. Interactive educational resources were developed based on these top-
ics (Figure 1).

Topic:

Plant tissue (cell)
engineering

o

sharoiti

=== .T,....
0w -
ﬂ— (A,

Figure 1. A sample interactive educational resource used in teaching biotechnology (re-
source on the topic “Cellular Engineering in Plants”).

The interactive educational resources developed on the subject made it possible
to develop innovative solutions for implementing training sessions to improve the
methodology of teaching the subject “Biotechnology”. Based on the content of the
developed lesson plans, a model regulation of the methodology of teaching the

subject “Biotechnology” using modern software tools was created (Figure 2).

Regulations for teaching topics in the field of ""Biotechnology" using

modern software tools

Stage 1. To convey subject concepts
—  Organizational part to students in a clear,

10 min. systematic, and

| understandable manner,
Stage 2. and to explain basic
Explaining the i concepts and laws

| theoretical foundations

of a new topic Multimedia presentations

20 min. <|
-I Animation materials
Stage 3.
Visual di ation of
——|  complex processes of the ”‘I Video materials
topic through software tools
30 min.
‘l Audio
Stage 4. ) )
: : . || Exchanging and analyzing
| Discussion and analysis ) )
. ideas on the topic,
15 min.
pleting short test tasks
Stage 5.
] Final stage || Summarizing the lesson and
5 min. assigning homework

Figure 2. Teaching the subject of “Biotechnology” using modern software tools.
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A teaching model based on the use of prepared interactive educational re-
sources was created (Figure 3). Training sessions in experimental groups were
conducted based on this model. The learning outcomes of students in the control

and experimental groups were compared.

Non-traditional teaching methods

(student-centered learning process)

!

Explanation of the educational materials on the topic
through lectures, practical, and laboratory exercises using
modern software tools

\_ Y,
I
v I v
‘ Multimedia presentations L EigatonlclEsming { Interactive tasks ’
complexes
\ |

,‘ Animatsia

N —————

.
Video

Electronic
manuals

I

\ J

Virtual labs

\ J

‘{ Conduct a virtual |

»{ Questionsand \‘

experiment

J

answers
\
) EE——

; " Interactive |
Audio 4_( W «»{ Tests ‘
courses
\ ) \ J \ )
"
Knowledge assessment through control
testing
\ l J
Evaluation of the result and
conclusion
. J

Figure 3. Non-traditional teaching scheme for the subject “Biotechnology”.

2.3. Data Analysis

According to the results of the experiment, the indicators of the experimental and
control groups were analyzed mathematically and statistically. The following for-
mulas were used to determine the average value of the share of participants in the

cross-section of mastery levels (Lakin, 1990):

)?:Zn:Pixi
i= Xmax _Xmin
K

)_(%=£*100%
n

Here, X is the mastery index (in grade); P —the statistical probability cor-
responding to the repetition (frequency) of the number of students in the varia-
tion series; x, —mastery index score; n—number of assessment levels; /—inter-

val; K—degree of freedom; X %—absorption rate (in percent).
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The processed values were graphically represented using the Origin Pro (2024)

program.

3. Results

A questionnaire was administered to the groups and students who agreed to par-

ticipate in the experimental groups were selected. Of the students involved in the

study, 70 participated in the control groups and 140 in the experimental groups.
The level of students’ mastery of the subject was determined based on the anal-

ysis of the final control records (Table 2).

Table 2. The impact of using improved teaching methods in the subject “Biotechnology” on student learning outcomes (in higher

education institutions).

Acquisition indicators

Groups Nuz}ber E . “4” = Acquisition inc(;::‘i:ry of
students pymber % number %  number %  number % rate, % mastery, %
Samarkand State Pedagogical Institute
Control 27 1 3.7 14 51.9 11 40.7 1 3.7 96.3 44.4
Experiment 75 1 1.3 22 29.4 46 61.3 6 8 98.7 69.3
Samarkand State University named after Sharof Rashidov
Control 24 1 4.2 12 50 10 41.7 1 4.2 95.9 45.9
Experiment 45 1 2.2 14 31.1 27 60 3 6.7 97.8 66.7
Samarkand State University of Veterinary Medicine, Animal Husbandry and Biotechnology
Control 19 1 53 7 36.8 10 52.6 1 53 94.7 57.9
Experiment 20 0 0 6 30 11 55 3 15 100 70

69 respondents from Samarkand State University named after Sharof Rashidov
participated in the pilot study, 24 students (1 group) participated in the control
group, and 45 students (2 groups) participated in the experimental group. Ac-
cording to the results of the final control work taken from the students at the end
of the pilot study, in the control group, 1 student (4.2%) received an unsatisfactory
(2) grade, 12 students (50%) received a satisfactory (3) grade, 10 students (41.7%)
received a good (4) grade, and 1 student (4.2%) received an excellent (5) grade.
The level of student mastery was 95.9%, and the quality indicator was 45.9%.

The results of the experimental group were that 1 student (2.2%) received an
unsatisfactory (2) grade, 14 students (31.1%) received a satisfactory (3) grade, 27
students (60%) received a good (4) grade, and 3 students (6.7%) received an ex-
cellent (5) grade. The student achievement rate was 97.8%, and the quality indi-
cator was 66.7%.

39 students were involved in the experimental tests conducted at Samarkand
State University of Veterinary Medicine, Animal Husbandry and Biotechnology,

another higher education institution where our study was conducted, and 19 of
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them (1 group) were assigned to the control group and 20 (1 group) to the exper-
imental group.

According to the results of the final control work taken from the students at the
end of the experimental work, in the control group, 1 student (5.3%) received an
unsatisfactory (2) grade, 7 students (36.8%) received a satisfactory (3) grade, 10
students (52.6%) received a good (4) grade, and 1 student (5.3%) received an ex-
cellent (5) grade. The level of student mastery was 94.7%, and the quality indicator
was 57.9%.

The results of the experimental group showed that there were no students who
received an unsatisfactory (2) grade, 6 students who received a satisfactory (3)
grade (30%), 11 students who received a good (4) grade (55%), and 3 students who
received an excellent (5) grade (15%). The student achievement level was 100%,
and the quality indicator was 70%. If we analyze the overall achievement indica-
tors at the end of the experiment in higher education institutions selected for the
experimental group, 8.6% of the students in the experimental group received an
excellent grade, while 4.3% of the students in the control group received an excel-
lent grade, while 60% of the students in the experimental group received an excel-
lent grade, while 44.3% of the students in the control group received an excellent
grade. We can see that the mastery rate of students in the experimental groups is

higher than the mastery rate of those in the control groups (Figure 4).

] Control group

60 - | Experiment group ‘ 60
50 474
[ | 443
40
x
30 - 30
20
10 8.6
43 43
[ 1 14 [
0 t
Unsatisfactory Satisfactory Good Excellent

Level of mastery

Figure 4. The impact of using improved methods of teaching “Biotechnology” using mod-
ern software on students’ mastery of the subject.

In higher education institutions where the experimental test was conducted, the
mastery rate of students in the control groups was 95.7%, and the quality indicator
was 48.6%, while the mastery rate of students in the experimental test groups was
98.6%, and the quality indicator was 68.6% (Figure 5).
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] Control group

Experiment group
100 957 98.6
80 -
__08.6
60 -
=
48.6
40
20
0
Acquisition rate Quality indicator

Efficiency

Figure 5. The impact of the use of improved methods of teaching the subject “Biotechnol-
ogy” using modern software on the effectiveness of groups in mastering the subject.

4. Discussion

In the modern education system, which is being improved on the basis of digital
technologies, the effective organization of teaching subjects, including the teach-
ing of “Biotechnology”, clearly shows that the complex biological processes of the
subject are directly related to the modeling and experimental properties of the
subject. Therefore, it is important to improve and implement teaching methodol-
ogies based on the use of modern software tools in teaching the subject “Biotech-
nology”.

The full use of the capabilities of modern software tools in improving teaching
methodologies serves to increase the efficiency of the educational process, ensure
the mastery of complex theoretical concepts in a visual and interactive form. In
particular, virtual laboratories, multimedia-rich animation, video and audio re-
sources increase the visuality and clarity of the educational process (Abdukadi-
rova, 2022).

The effective use of information and communication technologies in higher ed-
ucation institutions requires strict adherence to certain didactic rules. In particu-
lar, the volume of educational materials does not fully correspond to the volume
of traditional textbooks or textbooks, which requires the use of various techno-
logical solutions, including multimedia technologies. Based on the this approach,
students will be able to fully and qualitatively master educational information,
which creates an opportunity to fill the existing gaps in didactic provision with
the help of information and communication technologies (Eltahir, 2015).

Today, in our country, in order to improve the quality of the educational pro-

cess based on information and communication technologies, special attention is
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paid to the development, improvement and introduction of electronic educational
resources into the educational process. In particular, multimedia programs are
being created that serve to improve the quality of the educational process. Multi-
media electronic resources are designed for a specific subject, that is, a specific
field or area of education, and provide students with the opportunity to acquire
knowledge, independent study and the formation of skills (Staneviciene & Zekiené,

2025).

When analyzing the processes of introducing modern information and com-
munication technologies in teaching specialized subjects in the higher education
system, it was shown that they have the following important pedagogical capabil-
ities:

- serve the effective organization of the process of students acquiring knowledge
in their specialty;

- create the opportunity for deep, systematic and conscious mastery of the sub-
ject area through modeling the studied educational materials;

- direct students to independent learning due to the diversity of forms of organ-
izing the educational process;

- create the necessary pedagogical conditions for ensuring the individualization
and differentiation of the educational process through the introduction of in-
teractive communication capabilities;

- use the capabilities of artificial intelligence systems to systematically form ef-
fective strategies for students to master educational materials;

- help each individual in the formation and development of information culture
in society;

- Presenting the subjects taught in the specialty in a visual, interactive, and un-
derstandable form using information and communication technologies is im-
portant in increasing students’ interest and engagement in the learning process
(Kapi et al., 2017).

Modern technological development of the educational process is understood as
the organization of an effective didactic process in accordance with educational
goals. The development of professional and pedagogical skills of teachers requires
the organization of their educational and cognitive activities based on a techno-
logical approach (Gonfa et al., 2024). For this purpose, pedagogical technologies
related to foreign didactics are designed and tested in pedagogical experience, in
which the dynamics of the development of teachers’ pedagogical skills are studied
and conclusions are drawn. This process serves to ensure the professional devel-
opment of teachers and improve the quality of the educational process, as well as
create a scientific and methodological basis for the introduction of modern peda-
gogical technologies into the national education system (Huang et al., 2017).

Since teachers first began to use computers and other technologies in educa-
tional institutions, researchers have tried to determine whether educational tech-
nology has a significant and reliable effect on students’ academic achievement or

vice versa. In the process, they found that technology cannot be considered as the
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only independent developer in the system and that student achievement depends
not only on the results achieved in a standardized learning process, but also on
the ability to think critically, analyze, draw conclusions, and apply higher-order
thinking skills to solve complex problems (Timotheou et al., 2023). Assessing the
impact of any modern technology on the learning process requires a deep under-
standing of how and in what way it is used in lessons, the learning objectives set
by the professor and the tools used to assess student achievement, and the level of
complexity of new technologies. The use of information and communication tech-
nologies in the higher education system leads to a revision of the traditional teach-
ing system of organizing the educational process and serves to increase its effec-
tiveness. Multimedia tools are digital learning resources that incorporate textual
information, graphic images, audio materials, videos, animations, and interactive
components, allowing students to increase their engagement in the learning pro-

cess and develop their learning abilities.

5. Conclusion

The results of experimental work conducted with the participation of students of
higher education institutions showed that by applying an approach based on the
use of interactive educational resources in the lessons of the subject “Biotechnol-
ogy”, students’ mastery indicators increased by up to 11.3%. This result con-
firms that the introduction of modern pedagogical and information technolo-
gies into the educational process significantly contributes to strengthening stu-
dents’ knowledge and skills based on complex processes in science and improving

their level of knowledge acquisition.
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