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O00KMOPAHmM 1O npocpamme 0OKmopa unocoguu
Unemumym Obpazosanus Azepbatioxcanckoii Pecnyonuxu

HAYYHBIE OCHOBBI UCITIOJIb30BAHHUS CTEM-TEXHOJIOT A HA YPOKAX
BNOJIOI'M B VI KJTACCE

Xiilasa. Moaqalads biologiya dorslerindo STEM texnologiyasindan istifadonin elmi osaslarinin osas
miiddoalar1 hagqinda molumat verilir. Umumtohsil moktablorinds biologiya kursunun tadrisi, tolimi vo torbi-
yasi prosesinda sagirdlora yanagmalarin yenidon nazardon kegirilmasi tiglin zaruri toaloblor aragdirtlmigdir.
(Tayson, 2007) (Felder, 2016) Moagqalods, hamginin homin texnologiyalar vo onlarin biologiya darslorinda
istifadesine diizgiin yanagma otrafli tosvir edilmisdir. Maqalads fonlordon daha ¢ox fanlor {izro inteqrasiya
olunmus tohsil kimi STEM tohsilinin iistiinliiklorinin tohlili; yaradici tafokkiir ve problem holletms bacariqla-
rinin inkigafi; texniki fonlora maragin inkisafi va s., ham¢inin miiasir texnoloji istiqgamatlorin tstiinliiklori vo
onlarin tolim kursunu hazirlayan miisllimin iginds totbiqi imkanlarinin tohlili aparilir. Praktiki material kimi
biologiya dorslerinde STEM texnologiyasi vasitasilo hesablamalar vo riyazi hallar, onlarin halli ilo bagl bir
sira fikirlar toklif edilmisdir.

Agar sozlar: biologiya, STEM texnologiyalari, STEAM, yaradic tafakkiir, elmi asaslar

Pe3rome. B crarbe mpencraBieHa nHpopMaius 00 OCHOBHBIX MOJOKECHUSAX HAyYHO-TIEAArOrHUSCKUX
OCHOB ucnojb3oBanus STEM-texHomoruii Ha ypokax ouosiorun. VccienoBansl He0OX0aUMbIe TPEOOBaHMS K
MEPECMOTPY MOAXOAOB K y4alluMCs B Mpoliecce NpenofaBanus, OOy4eHUs U BOCITUTAHUS O Kypcy Onoo-
ruu B 00meodpa3oBatenbHbx mkonax. (Tyson, 2007) (Felder, 2016) B cratbe Taxke HoapoOHO OMHMCaHBI 3TH
TEXHOJIOTUU M TIPABUILHBIA TOJXO/ K WX MCIOJIL30BAHUIO HA YpOKax Owosoruu. B cTaThe MPOBOAMTCS aHa-
mu3 npeumyinects STEM-o0pa3oBaHus Kak MHTETPUPOBAHHOTO OOYYEHHUs IO MpEMETaM; Pa3BUTHE TBOP-
YECKOTO MBIIUICHUSI W HABBIKOB PEIICHUs MpoOieM; pa3BUTHE MHTEpPeca K TEXHUYSCKUM TPeIMeTaM H JIp.
Taxoke MPOBOAUTCS aHAN3 MPEUMYIIIECTB COBPEMEHHBIX TEXHOJIIOTHUECKUX HaNpaBlIEHUH W BO3MOXKHOCTH
WX BHEIPEHHS B pabOTy MperonaBareis, TOTOBAIIETO yUeOHBIH Kype. B KauecTBe IpakTHIECKOTO MaTepuaa
Ha ypokax Ouonoruu rmocpeictBoM TexHonorun STEM Obumd mpeasioxkeHbl psij Wjei, CBI3aHHBIX C pac-
YeTaMU ¥ MaTeMaTHICCKUMU PENICHUSIMH, U CITOCOOBI X PEIICHMSL.

Knioueevie cnoea: ouonocus, STEM-mexnonocuu, STEAM, meopueckoe moluinenue, Hayunvle OCHOBbL

Summary. The article provides information on the main provisions of the scientific-pedagogical basis
of using STEM technology in Biology classes. Necessary requirements for revising approaches to learners
during the teaching, training and education process of the Biology course in secondary schools were
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investigated. (Tyson, 2007) (Felder, 2016) The article also describes in detail those technologies and the
correct approach to their use in Biology classes. The article provides an analysis of the advantages of STEM
education as an integrated education on subjects rather than subjects; development of creative thinking and
problem-solving skills; development of interest in technical subjects, etc. Also, an analysis of the advantages
of modern technological directions and the possibility of their implementation in the work of the teacher
preparing the training course is carried out. As a practical material, a number of ideas related to calculations
and mathematical solutions and their solutions were proposed in biology classes through STEM technology.
Key words: biology, STEM technologies, STEAM, creative thinking, scientific foundations

The relevance of the topic lies in the fact
that, despite the existence of numerous
interpretations of the cognitive interest of
students, it is essential to focus on a specific
aspect in order to promote better understanding
and effective teaching strategies. The lack of
scientific and methodological research on the
problem and the underutilization  of
opportunities necessary for the development of
cognitive abilities of students in the field of
Biology highlight the need for a single
recommendation. This study aims to develop the
content and procedural components of the
educational  process by using STEM
technologies to improve the cognitive interest of
students in learning Biology.

In order to achieve this aim, it was
necessary to determine the psychological and
pedagogical foundations of STEM technologies
for the development of students' cognitive
interests in teaching and studying Biology. The
study aimed to determine the role and place of
STEM technologies in the development of
students' cognitive interests in Biology, and to
develop a structural and functional model of the
project. Furthermore, a methodology for
organizing project activities for students in
teaching Biology was developed to contribute to
the development of cognitive interest and ensure
its effectiveness in pedagogical experiments.

STEM technologies are one of the active
teaching methods that differ from passive
teaching methods. Passive methods involve
children's inactivity, as the purpose of their
activity is less important for the student. In most
cases, when working with traditional teaching
methods, the student is not aware of the specifics
of their activity, and they do not know why they
are performing certain tasks. However, the
teacher's recognition of the student's diligence,
accuracy, and ability to cope with hard work
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becomes a more important incentive for the
student. (L, 2018) (M.U., 2020)

Pedagogical experiments and analyses in
educational activities carried out project
activities in a specific subject area. A systematic
approach to solving problems in Biology leads
to the learning of skills and habits found in the
learning process. Thus, a systematic approach is
important for building algorithms for different
performers. If the performer is a computer, then
we are talking about a systematic approach to
programming, structured programming. This
approach - when programming, compiling
algorithms, and other sections of informatics,
according to the proposed methodology of the
design method, innovative projects are studied
and created.

The use of STEM technologies in teaching
Biology means, first of all, the organization of
teaching in groups. During the application of the
design methodology of creative projects,
students work together in groups, which
contributes to the development of important
social personal qualities. They learn to obtain
missing knowledge with enthusiasm and
independently from various sources, use the
knowledge gained while performing cognitive
and practical tasks, acquire communication
skills by working in various groups, develop
their research skills (problem detection,
hypotheses, data collection, observation,
investigation, analysis, and generalizations),
develop thinking systems, and acquire basic
competencies. Additionally, students'
independent creative activity is carried out
through the use of STEM technologies, and they
become more active at the end of the project,
updating their previous knowledge and
strengthening their practical skills.

During the experiment, it was found that
solving mathematical problems increases the
responsibility of students, and they feel a more
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serious approach to learning. Students' interest
in the subject increases, and they try to do more
programming. Students come to classes every
day prepared, knowing that their knowledge will
be tested. Information about each student is
received at each lesson, and the overall
dynamics of learning in the classroom is
monitored to provide necessary assistance. It is
easier for students to perceive new topics than
in the previous period because they did not
study the previous topics sequentially, and the
gaps in their knowledge were gradually
eliminated, making them better prepared to
understand the following topics. Time is
effectively used in the educational process, and
more knowledge is transferred to a number of
students in less time, reducing downtime and
keeping students active.

Our research on "Using STEM
technologies in teaching Biology" allows us to
draw the following general conclusions. The
successful use of STEM technologies in
teaching Biology has numerous benefits for
students. These opportunities include:

1. Ensuring the integrity of the
pedagogical process: STEM technologies
provide teachers with a variety of tools that can
be used to enhance the pedagogical process.
This ensures that the content being taught is up-
to-date and relevant, and that the teaching
methods are effective.

2. Comprehensive development of
students: STEM technologies create conditions
for the development of both the upbringing and
education of students. This means that students
are able to develop their knowledge and skills in
a holistic way, rather than just focusing on one
specific area.

3. Ensuring the creative activity of
students: STEM technologies allow students to
become active participants in the educational
process. By using these technologies, students
are able to engage in creative activities, which
can help to foster their creativity and critical
thinking skills.

4. Forming a cognitive motive for
learning: When students see the end result of
their activities, they are more likely to be
motivated to learn. STEM technologies provide
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students with a clear goal, which can help to
create a cognitive motive for learning.

5. Developing personal qualities of
students: By engaging with STEM technologies,
students are able to develop a range of personal
qualities. These include social abilities,
independent  research  skills,  managing
challenging skills, accuracy, and more.

However, despite the many benefits of
STEM technologies, there is a significant gap
between the content of existing secondary
school textbooks and the requirements of real-
life STEM technologies. This is why the article
discusses the different views of well-known
researchers in the field of STEM technologies,
in order to guide secondary school teachers and
textbook authors.

Overall, the aim of the article is to inform
teachers and authors about the advantages and
main features of STEM technologies, so that
they can better incorporate them into their
teaching and learning materials. By doing so,
they can ensure that students are able to develop
the skills and knowledge needed for success in
the 21st century.

Introduction:

Recent studies and publications highlight
the use of STEM technologies as a means to
sustain  cognitive interest in  students.
Combining different activities and learning
methods, STEM technologies can facilitate the
realization of personal potential and the
development of cognitive interests. Although
STEM technologies are not new, their creative
implementation is now necessary. [1]

STEM technologies are used in modern
pedagogy not as a substitute but as a component
of the education system. It can help achieve the
main task of schools, which is not only to
provide knowledge but also to create interest,
arouse personal motive, and prepare students for
modern society. STEM technologies are
primarily didactic, representing a set of methods
and operations to acquire theoretical and
practical knowledge in a particular field. They
provide a way of cognition and organize the
cognitive process.

Biology teaching is the most optimal field
for developing students' cognitive interests,
making STEM technologies particularly
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important in this subject. Psychological-
pedagogical and methodological analyses allow
us to draw the conclusion that there are many
interpretations of cognitive interest, but there is
a need for a single recommendation for
developing it.[2]

There is currently no developed
mechanism for using STEM technologies to
develop students' cognitive interest in Biology

learning. The results of a confirmatory
experiment, conversations with teachers,
questionnaires conducted with them, and

observation of Biology classes indicate that
there is no systematic work to develop students'
cognitive interest. There is a serious discrepancy
between the development of students' cognitive
interests and its practical organization and the
potential of STEM technologies. Projects aim to
resolve the conflict between the method's
potential and the need to develop students'
cognitive interests, which is especially relevant
for the teaching of Biology.

In secondary schools, the teaching of
Biology begins with theoretical information on
characteristics of living things, cell theory,
plants and animals’ characteristics and
classification. The organization of the training
process is related to the methodology of using
information technology. The application of
STEM technologies in teaching ensures the
development of students as intellectual, civic,
and social beings.[3]

The formation of cognitive interest has
attracted the attention of famous educators due
to its practical significance. Project activities are
one of the evolving teaching methods that allow
students to develop logical and creative
thinking, research skills, and the ability to
summarize knowledge acquired in the learning
process. Massirova R.R. and Saveleva V.
suggest that project activities are especially
important for bachelors, and there is a need to
create a model for their formation after the
creation of pedagogical conditions.

In the field of education, the concept of
cognitive activity has attracted significant
attention from scholars. The term cognitive
activity refers to a lively and energetic type of
activity aimed at fulfilling a given task. The
development of cognitive interests in school is
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considered impossible without the application of
heuristic techniques in training. It has been
equated with the needs of the heart and mental
activity, and is viewed as a sign of personality
manifested in action.[4]

Different scholars have put forth varying
definitions and interpretations of cognitive
activity. For example, E.A. Krasnovsky
considers the idea of "preparation for problem
solving, the complexity of teaching, which is the
basis of training" as cognitive activity, whereas
Groshev A.S. sees it as a sign of personality that
leads to effective acquisition of knowledge,
skills, and habits. M.A. Danilov defines
cognitive activity as a special type of activity
focused on fulfilling a given task.[5]

Moreover, the concept of cognitive
activity has been linked to the process of
formation of personality neoplasms. A model
has been proposed that includes various
elements, such as goals, objectives, principles,
components, criteria, and levels of project
activity. The interrelationships between these
elements ensure the implementation of the
process of formation of personality neoplasms.

The role of training in cognitive activity
has also been emphasized by scholars.
Ponomarev Ya. A. considered training as a type
of activity, with the ultimate goal of preparing
students for independent work. He noted that
the learning process is not arbitrary, but rather
has a social character, focused on the creative
skills of students and carried out under the
guidance of the teacher. The relationship
between the teacher and student is seen as
integral to the training process.

Additionally, scholars have analyzed the
structure of activity and emphasized the
importance of general training skills. The skills
of planning work ahead, carrying it out
rationally, exercising self-control, and working
at a certain pace are considered crucial for
cognitive activity. Memorization and
revitalization also depend on the student's
learning environment, highlighting the need to
consider general training skills in addition to
knowledge, skills, and habits.

In conclusion, the concept of cognitive
activity is a complex and multifaceted one that
has been analyzed by numerous scholars. It has
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been linked to the process of formation of
personality neoplasms, and is viewed as a sign
of personality manifested in action. Training
plays a crucial role in cognitive activity, with
the ultimate goal of preparing students for
independent work. General training skills are
also deemed important, in addition to
knowledge, skills, and habits, for effective
cognitive activity.

As per Pakhomova's  perspective,
personality is grounded on activity. The author
posits a paradox between the physical and
psychophysiological  fluctuations of an
individual and the stability of their personality.
Hence, the concept of the self, represented by
the "I," has emerged as a predicament of
personality psychology. The psychological traits
of an individual, which define their character,
constitute the essence of this predicament.
Consequently, the constancy of one's "I" is
challenged by these issues.

Statement of the problem

In the field of education, it is widely
recognized that schooling should not only
impart ready-made knowledge to students but
also equip them with the skills and ability to
independently strengthen their knowledge and
skills system. The main task of teachers is to
activate the logical thinking of students and
their ability to comprehend, leading to cognitive
interest. Cognitive interest is a fundamental part
of life and serves as an incentive for students'
learning and creative activities. However, the
cognitive process is rarely stable, and it is not
easy to work to keep this interest alive. This
paper aims to explore the problem of cognitive
interest in education and the opportunities
necessary for the development of students'
cognitive abilities when teaching Biology.

The problem of cognitive interest:
Cognitive interest is an important motive for
training and a powerful tool for educational
training. It is also an essential factor for the
implementation of the Projects method. The
problem of cognitive interest has been studied
by various scholars such as A.S. Belkin, X.J.
Taneeva, V.A. Qusev, V.A. Kruteskiy, LY.
Lanina, L.M. Friedman, and Q.I. Shukina.
These researchers have highlighted the
importance of cognitive interest in learning and
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how it contributes to the formation of volitional
qualities. Voluntary qualities are formed when
students overcome difficulties and strengthen
their self-confidence, which plays a positive role
in their future activities.

Cognitive  curiosity also  motivates
students to constantly search for new
information. During their research, they learn to
pay attention to the main, more important
issues, analyze and draw general conclusions.
Cognitive interest activates any human activity,
and all activities have a cognitive basis.

However, cognitive interest is not always
stable, and educators face the challenge of
keeping it constant. The use of creative tasks in
the classroom can serve this purpose, as
children present themselves through these tasks.
The lack of sufficient scientific and
methodological research on the problem of
cognitive interest highlights the need for further
studies on this topic.

Opportunities for the development of
students' cognitive abilities in teaching Biology:
In the context of teaching Biology, various
opportunities can be utilized to develop
students' cognitive abilities. The following table
summarizes some of the key opportunities:

Opportunities for the development of
students' cognitive abilities in teaching Biology

1. Comprehensive and timely
development of children and youth

2. Formation of self-education and self-
realization skills

3. Understanding the world as a whole and
forming a modern worldview and intra-ethnic
culture

4. Diversity of types and forms of
educational institutions and programs for
individualization of education

5. Continuation of the levels and stages of
education in the form of tradition

6. Development of distance education and
information technology programs in education

7. Academic mobility of students

8. Development of national tradition when
working with talented youth

9. Participation of pedagogical workers in
scientific activity

10. Training of highly educated and
qualified specialists with professional mobility
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in the process of informatization of society and
development of new scientific technologies

Cognitive interest is crucial in education,
and it plays a significant role in students'
learning and creative activities. Educators must
strive to keep this interest constant through the
use of various creative tasks in the classroom.
Moreover, the development of students'
cognitive abilities in teaching Biology can be
facilitated through utilizing the opportunities
presented in the table above. Further scientific
and methodological research is necessary to
explore the problem of cognitive interest in
education fully.

Conclusion:

Based on the conclusions drawn from the
analysis of scientific, psychological-pedagogical
and methodical literature, some suggestions can
be made:

1. Encourage the wuse of STEM
technologies in the teaching of Biology to
ensure the integrity of the pedagogical process,
promote the full development of students,
ensure their creative activity, form the cognitive
motive of learning, and develop their personal
qualities.

2. Incorporate  visual and practical
projects that integrate the actions taken during
the students' experience, set short-term goals,
and inspire the student to achieve these goals,

thus promoting their independent thinking and
action. This will also help develop civic
competencies in the students.

3. Take into account the age level of
students when implementing STEM
technologies to ensure optimal development of
cognitive interest during the learning process.

4. Address the contradiction between the
existing reproductive nature of teaching Biology
and the need to enhance students' productive
skills and ability to acquire knowledge
independently.

5. Implement the developed methodology
for practical work in the teaching of Biology in
schools, and evaluate its effectiveness.

6. Consider using the developed
methodology as a course project in schools with
in-depth study of Mathematics and Biology,
based on the positive results from research and
experiments.

By incorporating these suggestions, it is
possible to enhance the teaching of Biology and
help students develop their skills and abilities,
while also preparing them for the requirements
of the modern society.

The literature suggests that incorporating
STEM technologies in the teaching of Biology
can address these issues and create several
benefits for students. These benefits can be
summarized as follows:

Table 1: Benefits of using STEM technologies in the teaching of Biology

Benefits

Description

STEM technologies allow for a more holistic approach to learning that

Ensures the integrity of the
pedagogical process
subject matter.

integrates theory and practice. This ensures that students are exposed to a
range of experiences that help them develop a deeper understanding of the

STEM technologies create conditions for the development of both the

Promotes the full
development of students

upbringing and education of students. This means that students are not only
learning about Biology but also developing important life skills such as

teamwork, problem-solving, and communication.

Ensures the creative
activity of students

Forms the cognitive motive
of learning

STEM technologies turn students into active members of the learning process
by encouraging them to engage in creative problem-solving activities. This
fosters a sense of ownership and responsibility for their learning.

STEM technologies create a sense of purpose and motivation for learning by
showing students the end result of their activity. This makes learning more
relevant and meaningful to their lives.

STEM technologies encourage students to improve and develop their

Develops personal qualities

knowledge, which helps to develop personal qualities such as resilience,

perseverance, and self-confidence.
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STEM technologies give students the opportunity to interfere in the progress

Reveals the active personal
position of the student

of the project and change the course of the project for their own purposes.
This fosters a sense of agency and independence, which are important for

developing civic competencies.

Taught in accordance with
age level

The urgency of the problem. One of the
most urgent issues in the education system of our
republic, which requires its own solution, is the
problem of developing investigation skills of the
secondary school students in Biology lessons.

Scientific novelty of the problem. In
conclusion, the literature suggests that using STEM
technologies in the teaching of Biology can create
several benefits for students, including a more
holistic approach to learning, the development of
important life skills, creative problem-solving
activities, a sense of purpose and motivation for
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