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KiMYANIN TODRIiSi ZAMANI TODQIQATCILIQ BACARIQLARININ iNKiSAF
ETDIRILMOSINDO ZEHN XORITOLORININ VO STEAM 9SASLI OYRONMONIN
USTUNLUKLORI

Pymusa Huwao xeizot /[orcamanosa
cmapuiuii npenodosamens gaxyivema Xumuu u obuonozuu Azepbaiiosicancrxoeo I'ocyoapcmeentozo
Iledazozuueckozo Ynusepcumema

Hueap Acun kvi3ot baoaesa
cmapwuii npenoodogamens gaxyrvema Xumuu u ouonozuu Azepoaiiodicanckoeo I'ocyoapcmeennoco
Ileoazozuueckoeo Yuueepcumema,
00Kmop ¢hunocoghuu no xumuu

NCCIEJOBAHUE METOJA MBICJIEBBIX KAPT 1 OBYYEHUA HA OCHOBE
STEAM B PABBUTUUN UCCJIEJOBATEJbCKNUX HABBIKOB ITPU ITPEIIOJJABAHUU
XUMHUHN

Abstract. In the article, in order to increase the quality and efficiency of education during the teaching
of chemistry, to ensure the cognitive activity of students, the advantages of the role of mind maps on the way
from memory to thinking, some issues related to the main content, specific characteristics and application of
mind maps, subject-subject relations during interactive training, the academic level In addition to the
development of the social and emotional sphere, there is talk of formation possibilities, STEAM, which is an
important model of project-based learning during teaching, and virtual and augmented realities.

Keywords: research, inductive, deductive, mind maps, virtual reality, augmented reality, project based
learning, STEAM
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An investigation of mind mapping and steam-based learning in developing research skills in teaching chemistry

Xiilasa. Mogalods kimyanin todrisi zamani tohsilin keyfiyyat vo somoraliliyinin artirilmasi, tahsilalan-
larin idrak faaliyyatinin tomin edilmasi magsadils, hafizodon tofokkiirs gedan yolda zehin Xaritalarinin rolu-
nun tstinliklarindan, zehin xaritalarinin asas mazmunu, spesifik xiisusiyyatlori va tatbigi ilo bagl bazi mo-
salolordan, interaktiv talim zamani subyekt-subyekt miinasibatlorindon, akademik saviyyanin inkisafi ilo ya-
nast sosial vo emosional sferanin da inkisaf etdirilib, formalagsdirma imkanlarindan, tadris zamani layiha
asasli 6yronmonin vacib modeli olan STEAM-dan, virtual vo artirilmis realliglardan s6hbat agilir.

Agar sézlar: tadgigat, induktiv, deduktiv, zehn xaritalori, virtual realliq, artiriimis realliq, layiha asasl
6yranma, STEAM.

AHHoOTanus. B craThe B 1ensaX MOBHIIICHHUS KadecTBa M 3G GEKTUBHOCTH 00pa30BaHUS MPH IPeTioia-
BaHUM XUMHH, 00ECTICUeHHUS [TO3HABATEILHON JESITENbHOCTH yUaIMXCs OKa3aHbl IPEUMYILECTBA PO HH-
TEJUIEKT KapT Ha IMyTH OT IMaMATH K MBIIUICHAIO, PACCMOTPEHBI HEKOTOPHIE BOIIPOCHI, CBSI3aHHBIE C OCHOBHBI-
MH coJiep)KaHHe, crienn(pHKa U IPIMEHEHNE HHTEIUIEKT-KapT, CyOBbEeKT-CyObEeKTHBIE OTHOLICHUS TIPH UHTEP-
AKTUBHOM OOYUYEHHH, aKaJIEMUUECKUI YPOBEHb HapsIy C Pa3BUTHEM COLMAIBHON U IMOIIMOHATILHOH cepsl,
UJAET pedb O BO3MOXHOCTSX (hopmupoBanusi, STEAM, KoTopslii ABIsETCS Ba)XKHOH MOJIENBIO MPOSKTHOTO
00y4eHHs1, BUPTyaJIbHAsl M JOTIOJTHEHHAS PEabHOCTH.

Kniouesvie cnosa: uccneoosanus, uHOyKmueHoe, 0eOYKMUGHOE, UHMENLEKM Kapmbl, GUPMYATbHAS
PpeanvbHOCmb, OONOJHEHHAS pealbHOCmb, npoekmuoe 00yuenue, STEAM.

Introduction

From the beginning of the 19th century to
the present, the teaching of chemistry has been
the point of view of all chemical scientists. Over
the years, the development of chemistry teaching
has been followed, and it has been shaped
according to the interests and needs of the
individual, society and the state. T he latest stage
in the history of the development of chemistry is
the era of modern chemistry. Modern chemistry
stands out over traditional chemistry eras due to
its affordability. The main point today is that a
new approach to chemistry requires an
improvement in the quality of teaching. Given
that chemistry is more of an experiential,
experimental subject, specificity, accessibility
and reality are very important when teaching
chemistry. Laboratories, rich material and
technical educational base, libraries are fertile
conditions for students to conduct research. But
there are schools where the environment for
research is simple or non-existent. At this time,
as a result of the teacher’s professionalizm, the
students’ research skills go from memory-
oriented. Mind maps to virtual and augmented
realities that pave the way for thinking-oriented
research. In this regard, the advantages of
project-based and problem-based learning in the
direction of developing research skills during the
teaching of chemistry are considered a priority.

1. Object and methods of research

The research object is the process of
teaching chemistry in the 8th grade of general

Azarbaycan Respublikasimin Tohsil institutunun Elmi asarlari, Cild 91, Ned, 2024

education  schools with new methods,
determining the ways of developing research
skills in mind maps and STEAM-based
learning, especially in the teaching of the
subject of chemical communication,
investigating the ways of organizing the
advantage of research skills for effective
learning opportunities for students. Students’
ability to sequence their ideas and logical
connections, select keywords and make
illustrations becomes a very important point in
the research skills of students for making mind
maps. the brain remembers information better
with illustrative explanations. STEAM-based
learning is considered the most superior method
of project-based learning. At this time, the
natural sciences instill integrative skills for a
holistic ~ understanding of the  system.
Collaborative learning technology, building
objects as engineering skills, grouping abilities,
artistic spirit, and mathematical literacy become
the main part of the learning method together. In
order to develop research skills and increase the
efficiency of learning, students can use virtual
methods as well as real opportunities. At the
same time, virtual laboratories, virtual and
augmented reality shape the digital direction of
their activities even more strongly. The impact
of new technologies on learning, such as
research methods GROW and REAL, make the
learning environment even more interesting.
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Advantages of mind maps and STEAM-
based learning

The main features of interactive training
are the subject-subject character of the teacher-
student relationship, the activity of the
participants throughout the lesson,conducting
the lesson in the form of dialogue, actively
using the emotional and personal qualities of the
students,creating ample opportunities for their
freedom and initiative, being based on logic and
vreative thinking and most importantly,teaching
flexibility of forms and methods,diversity of
knowladge sources. Despite the variety of forms
and methods applied in the education system,
the most important factor for pupils and students
is that they remember well what they have
studied. Memory is the most important product
of brain activity. Our brain,which consists of
two parts-the left and right hemisperes of the
brain, ensures the existence of emotional
memory, short-term memory and long-term
memory, characteristics of humans. Knowladge
is forgotten unless it is transferred from short-
term memory to long-term memory. One of the
importnat reasons for failure during exams is
forgetting some of the topics studied,that is
forgetfulness. Preparation of mind maps and
their use develop imagination,creative thinking,
strengthen memory, sharpen memory, ensure
the joint activity and harmony of the left and
right brain hemispheres, and as a means of
learning and teaching, they are successfully
used in almost all areas of life can be applied.
Mind maps are sometimes called the friend of
the brain,the key to memory.

The role of learning with mind maps in
the formation of research skills

As our memory is strengthened and
sharpened, we have the chance to achieve the
following successes in life: It becomes easier for
us to memorize new knowledge, our ability to
concentrate increases, our communication skills
improve, our self-confidence increases, we
become more mentally stable, our vocabulary
increases, and our ability to learn a new foreign
language increases faster, storing data by grouping
it can be facilitated, the learning opportunities of
the students in their suitable audiences can
increase from 20% to 80%,the knowledge that
becomes permanent in the brain is easily
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remembered in practical life, and our risk of
getting Alzhaimer’s disease (complete
forgetfulness) when we got old is reduced.
Through the use of mind maps, the requirements
of two principles of training-integration (inductive
method-from facts to general conclusions) and
differentiation (deductive method-from general to
details) are easily understood.

Mind maps on chemical communication

Keywords on types of chemical bonds:
types of covalent bonds: non-polar, polar, -c
(sigma) vo - = (pi) bond; hybridization and
types; iyon, metal, hydragen bonding.

An incomplete mind map of the topic can
be prepared by using keywords on the topic of
types of chemical bonds. An incomplete mind
map will give students an opportunity to deer
mine in which direction to research, which
knowledge is important during the execution of
the process. The student first conducts
purposeful research from the textbook or
textbooks, writers or pastes the knowledge he
has mastered on the incomplete map with
colored pencils, colored stickers, thereby
creating an optimal learning environment for the
student to complete the mind map. In order to
further recall this knowledge, symbols,
drawings or conventional signs corresponding to
the words can also be recorded.

Consistency of ideas and connections,
selection of keywords, and visualizationare
important in mind mapping because our brain
remembers symbols, drawings, or conventional
symbols better. Mind maps made with the
power of private imagination are completely
individual, because the selected information and
symbols are the product of each student’s brain,
which is theirs. Incomplete maps, consisting
only of keywords, serve the purpose of both
learning the topic and determining the extent to
which the material has been mastered. It is
efficient and fun to repeat one sheet of A4
instead of pages of material when repeating.
Mind maps are a perfect tool for repetition. The
method of learning with mind maps strengthens
the memory, sharpeners the memory, increases
creative thinking, because the lesson is also
learned with feelings and emotions, bright and
vivid colors (Fig.1.)
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Figure 1. An example of a mind map created to summarize the topic of chemical communication

2.Project-based learning STEAM

STEAM is a learning model that
incorporates the best of project-based learning
(PBL).At this time, the creation of a new
product as a result of the problem, its benefits,
and the prediction of its prospects act as an
important factor. STEAM based learning has
proven itself better by integrating technology
into people’s lives. So, digital technology,
which is an integral part of integration Z, is
naturally included in education specifically.
STEAM has been applied in various countries
since 1950. In Azerbaijan, STEM based
learning under the name STEAM has been
introduced since the 2019-2020 academic year
started. The STEAM learning model is known
as an acronym that combines 5 main disciplines.
Science, Technology, Engineering, Art, MATH
is based on the idea of teaching in an integrative
way. The main goal of the STEAM project is to
develop 21st century skills in students,
especially  4K-creativity, critical thinking,
cooperation and communication skills. As a
result of practicalityy, STEAM is to show
students the application of the theoretical
foundations of science in everyday life, to teach
them engineering skills, and to improve their
skills in using digital opportunities by applying
various programming languages.

Chemistry is the most research-based of
the natural sciences.it is very important to teach
this subject in the laboratory, which is carried
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out on the basis of experiments and experiences.
But how should research be carried out in
schools with no or weak laboratory facilities?
The answer to this question lies in the virtual
and augmented reality available in STEAM.

3. The main directions of the
development of student research in the
teaching of chemical communication.

Chemical communication is a subject with
poor experimental capabilities. Research on this
topic is more theoretical. Students are involved
in psychomotor activity along with cognition in
this topic. Thus, they can understand the essence
of chemical communication by constructing
special molecular models using spindles. For
example, by preparing ammonia, water, and
methane molecules, students can determine the
number of electons involved in the formation of
chemical bonds, the number of double and
single electron hybrid and non-hybrid orbitals,
polar and non-polar bonds and the existence of
sigma and pi bonds. Thanks to the possibilities
of digital technology, they travel inside the
molecules of matter with virtual realities and
observe them virtually. Students who
understand the mutual movement of atoms and
molecules as a result of travelling to the planets
with VR glasses, withness how the atoms of a
molecule are connected to each other through
the “Mergecube” Object viewer application in
AR(Figure 2-4)
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Figure 2, 3, 4. QR code reflected in Merge edu cube,3D view of DNA in Merge edu cube, QR code.

The creation of life as a result of 4 main
factors-fire, water earth, air (Aristotle, 4th
century BC), and the situations that arise as are

result of communication between them-drought,
cold, humidity, heat-can be realized in the
virtual “Little Alchemy” application. (Fig.5,6)

[=]
w3
[

Figure 5,6. Using Aristotle’s first table of elements, "Little Alchemy”, which describes the importance of
the 4 elements for the formation of matter.

The connection of chemical
communication with the human body and
“Virtualy-Tee” takes science to a new
dimension in the most beautiful way. Thus, the
connection of the organ system allows us to
obtain information about the human body in
general. With augmented reality and amazing
3D learning experiences, it is possible to
explore the circulatory, respiratory and digestive
systems with fully immersive 360 video. Here,
the connection between technology and the
human body is realized in reality.
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An experiment was conducted and the
results were obtained regarding the extent to
which the quality of teaching in ensured in this
way. It would be appropriate to present the
results of this experiment shown in the diagram,
which was carried out in full secondary school
No.7 in Baku city (Diagram 1A and 1B) and in
the 7th and 8th control and experimental classes
of school-lyceum No.3 in Oguz city (Diagram
2A and 2B)
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Baku, 7th grade

8
7
6
5
4
3
2
: HEN
0
Eksperimental Kontrol sinif
sinif
H VR H AR
=L RL
1A 1B

Baku, 8th grade

3.5
3
2.5
2
1.5
1
0
Eksperimental sinif Kontrol sinif
= VR = AR
=L RL

Diagram 1. (A and B) The result of research-digital skills obtained in the control and experimental classes
in the 7-8th grades of secondary school No.7

4 people in the 7th experimental class of
full secondary school number 7 of Baku city are
more interested in learning with virtual and
augmented reality. They model experiments in
virtual laboratories.7 people were interested in
conducting research in a real laboratory.in the
control class,1 person was interested in learning
with VR and AR and in a virtual laboratory,

Oguz, 7th grade

9

8

7

6

5

4

3

2

: HEN

0

Eksperimental sinif Kontrol sinif
B yVR B AR
EyvL RL
2A

while 3 people preferred to work in real
laboratories. In the experimental 8th grade, 3
students were interested in VR, AR, and VL and
2 students were interested in RL.

In the control class, this number was 1
person for VR, AR and VL, and 3 people for
RL(Diagram 3,4)

Oguz, 8th grade

9

8

7

6

5

4

3

2

N m

0

Eksperimental sinif Kontrol sinif

LAY B AR
EyvL RL

2B

Diagram 2. (A and B) control and result of research-digital skills acquired in experimental classrooms.
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In Oguz city-lyceum No.3,5 people were
interested in AR, VR and VR in the experimental
7th grades. In RL, 8 people preferred to study. In
the control class, only 1 person was interested in
AR,VR and VR, and 3 people were interested in
RL. In the experimental 8th grades, the situation
was different, as 6 people were interested in
learning with VR,AR,VL and 8 people were
interested in RL. In the control class,2 people
were exposed to VR, AR, VL, and 6 people were
exposed to RL.

Involvement of students in the lesson as a
result of the use of new technologies in teaching
during learning opportunities are increasing. A
study of GROW and REAL methods in the
project-based STEAM learning model let’s pay
attention to the priority issues. Let’s first
explain the GROW approach:

Goal-is the first target as a goal. At this
time, the student has a question. What do yo
want?

Assessment Diagnosis

Planning

Reality-factuality. Considering the real
opportunities, another question before the
student: What are you now?

Options-elections or versions. What could
yo do? With this question, which options are
optimal for the student.

Will- What will you do in the future? It
provides prognostication.

Through the new model, the application
possibilities of the STEAM model are clarified.
The student is faced with new possibilities.
Students’ research opportunities lead to
activities such as collaboration, skill-based
communication, real-world problem solving and
innovation, self-regulation, and digital learning.
At this time, "How do we prepare ourselves for
real world problems?” the question arises.
Because the main goal of imparting research
skills is that students are open to ways of
learning for life (Schemel)

Implemen

) Evaluation
tation

Scheme 1. Strategy for developing research skills in STEAM based learning.

Real — reality. What can | do and how? In
a problem-solving approach, the initial reaction
in mastering an event or object is reality. At this
time, along with academic knowledge and skills
for adaptation, emotional stability and social
capabilities come into play.

Experiment-to test. | can test it! At this
stage, the student can take risks as a researcher,
manage feelings constructively, and take
initiative skills such as being able to be and
trying are needed.

Mind-thinking, mentality. When a
student faces a problem, he says, “l can act by
understanding!” says and decides. He tries to be
responsible in his decision.

Loyal-reliability. The student sees the
confidence in him, knows and says “l can do
it!” solves the problem with his thinking.
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Result:

1. The formation of research skills during
the teaching of chemistry is observed more
effectively in research-oriented lessons. During
this interactive training, it depends on subject-
subject relations, along with the development of
the academic level, the social and emotional
spere is also developed and depends on the
possibilities of formation.

2. It is clear from the research that the
traditional low-tech as well as the high-tech
model, especially opens to digital activity, is not
yet fully encouraging in the teaching of
chemistry. Therefore, there is a greater need for
teachers to increase their professionalism in this
direction.

3. Increases the research orientation of the
STEAM model during project-based learning.
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According to the demand of the day as well as
VR, AR, VL, it is observed that the interest in
RL is increasing.

4. The demand for research increases as a
result of the impact of mind maps on the
development of thinking in learning.

5. The possibilities of applying new
technologies: GROW and REAL models for the
development of research skills during learning
play an important role in the development of the
emotional and social sphere, in addition to
raising the academic level of students.

The actuality of the subject The investigation
of mind mapping and STEAM- based learning in
developing research skills in teaching chemistry is very
relevant in today’s educational landscape. Both
approaches offer valuable tools for enhancing students’
understanding and application of chemistry concepts.
They align with contemporary educational trends that
emphasize  active  learning, interdisciplinary
approaches, and the development of practical research
skills. By integrating these methods, educators can
better prepare students for future scientific challenges
and foster a deeper appreciation for chemistry.

Used literature:

Novelty of the problem The novelty of this
investigation lies in its exploration of how mind
mapping and STEAM-based learning can be uniquely
integrated to enhance research skills in chemistry
education. By focusing on the intersection of these
innovative tools and methodologies, the research aims
to provide fresh insights and practical applications
that could reshape how research skills are taught and
developed in the field of chemistry. This approach not
only addresses gaps in existing literature but also
aligns with current trends in educational technology
and interdisciplinary learning.

The practical importance of the problem
The practical importance of exploring mind mapping
and STEAM-based learning in chemistry education
extends to enhancing student understanding,
developing critical research skills, preparing students
for future careers, and innovating teaching practices.
By integrating these methods, educators can improve
learning outcomes, support student engagement, and
contribute to the ongoing evolution of educational
strategies in science. This research not only benefits
students and teachers but also has broader
implications for educational research and practice.
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