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Xiilasa

Magalods STEM metodunun tadrisds totbigi ilo egitim sisteminin yeni doneme girmasi asaslandirilms, tohsil
foaliyyatinin giincallonmasi problemlori miioyyanlosdirilmisdir. Biitiin dovrdos tohsil sahosinds islahatlar aparilmus,
boylik addimlar atilmig, nailiyyatlor gazamilmigdirdir. Bu reformlar oksar hallarda tahsilin vo comiyyastin inkisafina
sabab olan yeniliklor vo kasflorlo noticolonmisdir. Hazirda STEAM metodunun tadrise totbigi do miisllimi vo
moktabi tamamilo yeni soviyyays qaldirdi. Inkisaf etmis biitiin 6lkalorde bu iisula maraq giinii-giindon artir. Bunun
bir ¢ox sabablori vardir. STEAM metodu: biznesin inkisafina, tohsil vo digor miiassisalorin maddi golirinin
artmasina, yeni va ucuz, ekoloji tamiz moahsullarin yaradilmasi {i¢iin xammalin oldo edilmasina, comiyyatin siiratli
inkisafina va yeni keyfiyyot gostoricilorina malik olmasina sabab olmusdur. Tadqiqatda biologiyanin tadrisinds
STEAM metodundan samarali istifado iigiin zoruri tolim miihitinin yaradilmasiin zaruriliyi va STEAM
texnologiyasinin osas aspektlori aragdirilmigdir.

Toadgiqatin magsadi biologiyanin todrisini miiasir dovriin taloblorine uygun toskil etmok {iglin miimkiin olan
milasir tolim texnologiyalarindan istifadonin perspektivlorini diggsto ¢atdirmaqdir. Artiq tolim texnologiyalari
dedikds, yalniz kompiiter avadanliglart nazerds tutulmamalidir. Biologiya eksperimental elm oldugundan todris
prosesini miihazirs, ayani vasaitlorin niimayisi, multimediali toqdimatlarla toskil etmok artiq giiniin taloblorini
6dayo bilmir. Dogru hesab edilon bir ¢ox hipotezlar texnologiyalarin elmds tatbigi sayssinds 6z shomiyyatini itirir,
yeni elmi kosflor sayasindo forgli elm vo peso saholori yaranir. Miiasir dovr, yalmz biliklorin 6yranilmasini
hodoflomir. Alinan biliklarin hayata tatbiqi, elmi biliklarin comiyyatin inkisafina istiqgamatlondirilmoasi XXI asrin
osas problemi olmusdur. Yeni diinya standartlari bu istigamotdos islorin aparilmasini, modern texnologiyalarin
todriso gatirilmosini miallimlordon tolob edir. Aparilmis tacriibalor géstardi Ki, yeni metod vo texnologiyalarin
totbiqi dyrancilorin do maragina sabab olmus, materialin dork edilmasi prosesi daha somorali olmugdur. Masslan
STEM metodundan, 3D texnologiyalardan istifado etmoklos canli orqanizmlords gedon fizioloji proseslori, onlarin
anatomik-morfoloji qurulusunu ragamsal saviyyads dyratmok miisllimlarin do giincallonmasini talob edir. Univer-
sitet vo orta moktoblor soviyyasinds aparilmig eksperimental darslords yeni yontomlor hom musllimlor, hom do
Oyrancilar torafindan roghat gormiisdiir. Moagalodo STEAM metodunun vs 3D texnologiyalari, AR, VR vo MR
texnologiyalarinin perspektivlori géstorilmis, gorokli tovsiyolor verilmisdir. Todgigat prosesindo miixtolif
mitallimlorin texnoloji potensiallari, ig tocriibolori aragdirilmig vo aldo olunan naticalors uygun olaraq miivafiq
tokliflor da verilmisdir. Magalods xiisusilo biologiyanin todrisinds istifadasi garokli olan STEM metodu va
texnologiyalarin totbiqi zeruri sayilmigdir.

Abstract

In the article, the application of the STEM method in education and the entry of the education system into a
new period are justified and the problems in updating the education activity are identified. During the period,
reforms were carried out in the field of education, great steps were taken and gains were achieved. In many cases
these reforms resulted in innovations and discoveries that led to the improvement of education and society. Cur-
rently, the application of the STEM method to teaching has also elevated the teacher and the school to a whole
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new level. The interest in this method is increasing day by day in all developed countries. There are many reasons
for this. STEM method: led to the development of business, an increase in the financial income of education and
other enterprises, the acquisition of raw materials for the creation of new and inexpensive, environmentally
friendly products, the rapid development of society and new quality indicators. In the study, the necessity of cre-
ating the necessary learning environment for the effective use of STEM method in biology teaching and the basic
aspects of STEM technology were investigated.

The aim of the study is to draw attention to the possibilities of using modern teaching technologies, which
are possible to organize biology teaching according to the requirements of the modern age. Learning technologies
should no longer just mean computer hardware. Since biology is an experimental science, it is no longer possible
to organize the teaching process with lectures, visual aids and multimedia presentations. Many hypotheses that are
accepted as correct lose their importance due to the application of technologies in science, and different fields of
science and professions are created due to new scientific discoveries. The modern age does not aim only at the
study of knowledge. Putting the acquired knowledge into practice and directing scientific knowledge to the devel-
opment of society has become the main problem of the 21st century. New world standards require teachers to work
in this direction and to bring modern technologies to teaching. Experiments have shown that the application of
new methods and technologies attracts students' attention and the process of understanding the material becomes
more efficient. For example, using STEM method and 3D technologies to teach physiological processes and ana-
tomical-morphological structures in living organisms on a digital level requires teachers to be updated. In the
experimental courses held at the university and middle school level, new methods have been popularized by both
teachers and students. Perspectives of the STEAM methodology and 3D technologies, AR, VR and MR technolo-
gies are shown, and necessary recommendations are given. Technological potentials and work experiences of var-
ious authors in the Tadgigat process have been researched and consistent proposals have been received in accord-
ance with the results obtained. In particular, the application of STEM methodology and technology, which is nec-
essary for use in biology, has been deemed indispensable.

Acar sozlor: STEAM metodu, 6yronmos miihitlori, AR, VR, MR texnologiyalari, bioloji vo texniki savadliliq.
Keywords: STEAM method, learning environments, AR, VR, MR technologies, biological and technical

literacy.

Introduction

Although America is the country that invests the
most in the STEAM method in the world, it has also
gained great popularity in the advanced countries of the
developed world in a short time. After getting ac-
quainted with STEM education, teachers prefer fun-
practical activities and research in teaching technology,
engineering, mathematics and natural sciences. The
fact that the STEM teaching method combines most
fields of science and the complex use of acquired
knowledge requires teachers to properly guide learners
in this field. Basically, STEAM technology gives spe-
cial importance to two areas: research and creativity.
Experiences show that for the effective organization of
the STEAM method, the involvement of qualified per-
sonnel and the provision of appropriate training envi-
ronments are the main issues. The first of them is "Plan-
ning Environment". The purpose of this is to provide
the necessary room for learners to effectively design
their STEM project and work planning. Because what
kind of effect can we talk about in formally held
STEAM classes. The second is the "Integrated environ-
ment", which is intended to provide the students with
cabins and rooms where they can freely use modern and
various technologies, where there is a necessary and
complete database for the development of the project
they present (Babayeva Z., 2023).

Apart from these, the "Presentation environment"
can be achieved by providing information to the educa-
tional institution staff about various STEM projects,
and by organizing exchange rooms where discussions
and decisions can be made on this topic. The "research
environment” consists of laboratories, enriched with
equipment for laboratory and experiments, and rooms
where discussion and exchange of experience can be
held, where the interest of the young generation is fur-
ther increased by discussing and analyzing what they
have discovered and learned, meeting the needs of the
society related to various STEM projects. "Collabora-
tive environment" can also be created in rooms where
different projects can be discussed among students in
the STEM method, results and calculations related to
the level of project implementation, problems encoun-
tered are identified, and solutions are evaluated. In or-
der to create a "creative environment"”, there is a need
for a creative product, design, or discovery room that
includes individual, group, or collective research of
participants around STEM projects implemented in ed-
ucational institutions and obtained as a result of re-
search. In the 21st century, adapting the teaching for-
mat to both STEAM learning technologies is the main
task of the modern STEAM teacher (Babayeva.Z.Y.,
2021). As a researcher with the teacher's direction, the
student's interest and desire.
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There are also requirements and skills expected of
students and teachers in the STEM development path-
way:

- STEM student skills: students need to do re-
search and present proposals rather than learning new
knowledge to identify problematic directions, achieve
a solution to a given problem.

- STEM teacher skills: Must be a guide, participate
in STEM-related seminars and projects, develop learn-
ing and cooperation using technology, organize and de-
velop STEM events, and quickly highlight the results
of STEM educational events and related information on
social media ( Kearney, 2015).

STEM students can explore a specific device, in-
formation as a result of the goal they have set for them-
selves. For the successful completion of this work, a
high school STEM student can start cooperation with
any vocational school or a suitable specialist, thereby
successfully fulfilling his desire. the product created at
this time can be considered a novelty by being pro-
cessed both in school and in other household areas. Or,
in order to learn about the composition of various old
and broken electronic devices, disassembling the de-
vices and studying their internal structure and working
principle can also give the student different ideas for
creating a completely new product.

A STEM student already has the personality mis-
sion to immediately and effectively solve the chal-
lenges faced in the 21st century, to identify areas of
need and gaps, to present new projects and solutions,
and to create highly efficient products with little finan-
cial resources. The 21st century STEM student should
learn accurate information about the problem he is in-
vestigating, and create a new product as a result of the
project by conducting systematic, efficient work di-
rected to the problem and solving the problem with cre-
ative capabilities. In order to demonstrate STEAM
skills, a STEM specialist's ability to speak foreign lan-
guages, speech, psychological penetration, and product
presentation skills are also necessary problems. In
schools, students should first be introduced to the es-
sence of the STEM teaching method. When STEM stu-
dents absorb knowledge from all subjects during class,
they understand the importance of this knowledge in
their future lives and careers and are motivated to ex-
plore how to use this knowledge (Hua, M., 2022).

Differences in the characteristics of STEM clas-
ses. If STEM teachers use the guidelines given to take
advantage of the new method in collaboration with the
management of the institution, other employees and
learners, and apply their potential creativity, we can get
the desired results. If the number of students in the clas-
ses is large, this requires constant control of the class,
flexibility, restraint and skill from the teacher. The
character of these shaman students should be taken into
account, attention should be paid to the development of
their thinking. One of the important factors is giving
tasks to students who understand each other in the same
group during work with groups (Huseynov A.M., Ab-
dullayeva T., 2012). The help of someone who is con-
sidered a "leader" who has authority among the stu-
dents should also be used. By instructing them, it is pos-
sible to improve the quality of group management,
control, and performance of work. By involving the la-
boratory assistants working in the appropriate subjects
in educational institutions - (informatics, biology,
chemistry, physics) - in the teaching process, it is pos-
sible to create conditions for conducting the lesson
completely creatively. Of course, in order to create
teamwork habits of students, it should be gradually
formed by all teachers from the elementary school (Po-
lat, M. and Kontag, H., 2018). Mathematical calcula-
tions are also required in addition to the scientific ex-
planation of the topic studied by the students, both in
team work and during the performance of individual
tasks. At this time, the teacher's help is also needed. In
some cases, cooperation with the teachers of these sub-
jects can be provided for the integration of knowledge
from the subjects of physics, chemistry, biology, math-
ematics, and geography. In this situation, students can
show effective creativity together, seeing that mathe-
matics is not isolated from different subjects. Another
advantage of the STEAM method is distinguished by
the fact that the "STEAM environment provides rich
opportunities for creative solutions". Thus, STEM les-
sons, which enable several solutions to a certain task,
experience, problem, and give a different approach,
form the skills of comprehensive use of scientific
knowledge in learners. This will eventually result in
new models, products being designed, tested and pre-
sented. But what are the distinctive features of STEM
lessons? For this, what qualitative changes should be
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made in the teacher's activity to be formed as a STEAM
teacher. It is the teachers who conduct the STEAM
classes and form different skills and habits in the stu-
dents. Therefore, it is considered that the face of a mod-
ern teacher is a STEAM teacher.

Methodology

In addition to the scientific knowledge of the sub-
ject he teaches, the STEAM teacher must also acquire
the competencies of modern pedagogical and modern
learning technologies. These competencies include
some important characteristics that all teachers today,
especially STEAM teachers, must possess:

- Inthe modern era, when training standards and
educational reforms are rapidly changing, teachers
must also acquire the skills and habits of flexible adap-
tation to the changing educational innovations, meth-
ods and tools of the digital age. In order to be able to
answer students' questions about technologies, the
teacher of the modern digital age is obliged to be aware
of innovations;

- A STEAM teacher should be able to com-
municate with colleagues, students, and their parents,
and should demonstrate ethical behavior. Only then,
thanks to student-teacher-parent communication, stu-
dents will be able to easily communicate with the
teacher about their dreams, about any project they want
to design;

- Ateacher who performs the subject and meth-
odology he teaches with a sense of self-confidence can
get a positive result of his work. A self-confident
teacher should communicate with colleagues in the
classroom with the same confidence. In particular, a
STEAM teacher must learn with confidence in his work
and impart what he knows to his students with a sense
of self-confidence. A teacher who wants to teach learn-
ing must first learn to teach. The principles of the
STEAM method direct teachers in this direction;

- As we learned from the interactive training,
working in a team shows even better results in the
STEAM method. Here the teacher can also become a
member of the team. This will increase the enthusiasm
of the students. Also, participating in online webinars
and trainings with leading STEAM experts on social
networks, by teaming up with other teachers, real or vir-
tual, increases the competence of STEAM teachers.
This also improves the skills of teachers by creating
conditions for the exchange of ideas and experiences.

Among the many characteristics, skills and abili-
ties expected of a modern teacher in general, as well as
a STEAM teacher

- flexible adaptation, excellent education, high
ability of analysis and synthesis; approach to the taught
subject with a different understanding and imagination,
the ability to create motivation, the ability to teach
based on analogies, the ability to apply different meth-
ods and techniques, to have the ability to be an example
or leader for students;

- organizer, innovativeness, responsibility, social-
ization skills, looking to make lessons attractive, mas-
tered the skills of using Mimiotech board, Promethean
board, Labdisk-phyusio digital laboratory equipment,
Dyumo-phyusio instrument, Phywe-laboratory equip-
ment, robotics and arduino and other opportunities;

- to develop self-development, problem-solving,
integration skills, leadership and creative abilities in
students in order to develop their logical and critical
thinking.

A STEAM teacher who has all these features we
have listed is already considered a high-level, reputable
educator. But what should be done to maintain this high
reputation, to be constantly renewed, to raise creativ-
ity? For this, it is one of the main conditions for the
STEAM teacher to turn scientific knowledge into life,
production, and products through experience, to iden-
tify the gaps in the areas of need and find a way to solve
the problem.

The prospects of using AR, VR, and MR technol-
ogies in biology classes were investigated, and it was
found that the use of VR glasses aroused the interest of
the audience. Due to the wide spread of the STEAM
method, the application of the same technologies in
teaching has posed the problem of raising the level of
teachers. In order to find out the situation on the spot,
we investigated the possibility of applying the STEAM
method and using VR goggles in the teaching of biol-
ogy in the Nakhchivan State University's Faculty of
Natural Sciences, Architecture and Engineering, Tech-
nology Market, Nakhchivan City No. 9 Secondary
School. For this purpose, we held discussions with high
school and high school teachers, and were interested in
students' approach to new technologies. We are sure
that the high interest of teachers and learners in new
technologies will accelerate the introduction of new
methods (Babayeva 2023).

N. Rzayeva, the principal of secondary school No.
9 in Nakhchivan city, created 5 groups of secondary
school biology teachers who won the grant project " Ap-
plication of 3D technologies in the teaching of biology"
and started training to learn the working principle and
possibilities of using VR glasses. The study of biologi-
cal processes and the anatomical structure of living or-
ganisms using VR glasses is successfully continued in
the trainings conducted by the trainer, professor of Na-
khchivan State University, Z.Y.Babayeva, together
with secondary school teachers.

From the conversations of school teachers with
students, it became clear that the students are already
familiar with the working principle and functions of 3D
technologies and have used most of them for various
games. This is one of the factors that facilitate their use
of new technologies.

Foundations and Expected Outcomes of a
STEM Curriculum. As the requirements and neces-
sity of the 21st century, new educational reforms in the
STEM method, the integration of physics, chemistry,
biology and other natural sciences with technology, en-
gineering, and mathematics are reflected in the content
of these subjects. The real purpose of using the STEM
method is not only to guide students in their future pro-
fessional choices, but also to play an important role in
shaping their 21st century skills. Therefore, it instills in
students the necessary thinking, analysis-synthesis
skills and problem-solving skills to solve the difficul-
ties they may encounter in various areas of their lives.
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There is a logical fit between the creation of 21st cen-
tury skills and the application of knowledge during the
teaching of the STEM method.

The 21st century skills, which include the goals,
objectives, principles and directions of the STEM con-
tent curriculum, help to define the main directions and
concepts facing modern education. At the end of our
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research, STEM is becoming a program that reflects
21st century skills by including it in educational pro-
grams due to the integrated teaching of natural sciences,
technology, engineering and mathematics. In addition,
the use of mind maps in teaching biology is one of the
methods that enriches the development of their think-
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Figure 3. Mind maps in teaching ecology

Thus, based on our conclusions, we consider it
necessary to make several suggestions:

e Curriculum with STEM content - as an educa-
tional program, is distinguished by the fact that it is
based on the teaching of natural sciences not in isola-
tion, but with interdisciplinary integration, ultimately
serving the same goal and purpose;

e Curriculum with STEM content is an educa-
tional program that is designed to create a general idea
of facts and events in life by not isolating one subject
from another;

e Curriculum with STEM content — helps to
clarify the explanation of the concept of STEM, which
is explained in the explanation of the word STEAM;

Studies show that the curriculum with STEM con-
tent - helps to increase the efficiency of the achieve-
ments of students, to develop 21st century skills as a
result of education, as well as 4C skills, to cultivate a
young generation who dreams freely and has an in-
creased sense of self-confidence.

Experiments show that the application of the
STEAM method, the skills formed will play an excep-
tional role in the vital knowledge and skills of students:

- In order to get high results from the STEAM
method, the right direction given to the young genera-
tion at the moment will open the way for their great dis-
coveries;

- Heads of educational institutions should enrich
the material and technical base with 3D technologies
and other technical means, in order to bring new tech-
nologies to the teaching process.
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