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Abstract. This article examines the issues of inclusive pedagogy in the field of chemistry. It
analyzes the barriers faced by students with disabilities in the process of learning chemistry and proposes
methods for integrating inclusive practices into the educational process. The paper discusses the
importance of creating an accessible and supportive environment for all students and considers practical
examples of successful implementation of inclusive approaches in teaching chemistry.
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Introduction

The process of acquiring the knowledge, abilities, and positive attitudes necessary for a fulfilling
existence is called education, and it takes a lifetime. This ought to be, regardless of the limitations
exhibited by the special needs children protected under the Inclusive Education Policy (IEP). Every
school was required by the inclusive education policy to treat every student equally in the classroom and
at school. This rule cannot be ignored in chemistry lessons.

In the current educational environment, the idea of inclusion has grown in significance. It
comprises setting up a setting where all students have an equal chance to learn and achieve, regardless
of their background, skills, or limitations. This idea applies to all academic fields, including chemistry,
where implementing inclusive practices is essential to creating a welcoming and inclusive learning
environment.

Practical work in the lab is an obligatory component of most medical and chemical courses,
including pharmacy and pharmaceutical sciences, in order for students to receive their degree.
Theoretical or online instruction cannot replace this work. Despite the physical accessibility of the site
and the requirement for manual manipulation of equipment, practical lessons regrettably present several
challenges for students with disabilities. Students must read and listen quickly in hands-on learning
environments, retain information and take brief notes, use time management skills, and make a range of
quick decisions. Any of these might be challenging for students with impairments.

Literature review

The article “From barriers to boosters: initial teacher education for inclusive education” by Silvia
Frankel, Moritz Sterken, Lisa Stinken-Rosner (2023) presents The viewpoints of inclusive pedagogy and
scientific education must be integrated in order to achieve effective and inclusive science education (ISE)
(Stinken-Rosner et al., 2020). This calls for the meticulous formulation and differentiation of inclusive
pedagogical elements in science education, which places particular requirements on science teachers. It
is imperative that they have the requisite knowledge and abilities to integrate science-specific content
with inclusive teaching approaches. The authors highlighted that, to do this, though, a few obstacles in
teacher education must be removed. Firstly, opinions on what should be covered in science teacher
education and professional development programs for inclusion are divided. It is essential to create an
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open and clear understanding of what ISE should entail in order to advance the foundation of best
practices. Second, there are structural obstacles that make it challenging to integrate the elements of
subject-specific knowledge and IE, such as the different study plans for regular and special education
teachers. Thirdly, as a result, prospective teachers' teacher education seldom incorporates blended
techniques. They emphasized capabilities like identifying and assessing learning deficits, differentiating
instruction, or individualizing instruction are seldom ever included in science teacher education.

The article “Teaching energy in living systems to a blind student in an inclusive classroom
environment” by Dilek Teke, Mustafa Sozbilir (2019) shows that it is crucial to change educational
environments based on the needs of students with disabilities. The authors present two methods to
education: offering special education classes to learners who need them apart from their peers and
educating them in inclusive classrooms. Students with special needs are integrated into general education
courses in inclusion classes, which have grown increasingly common in recent years. However,
integrated education is the act of removing obstacles from learning environments in order to boost student
engagement and lesson discrimination in the classroom. In actuality, integrated education refers to a
broad range of methods, initiatives, and procedures meant to fulfill everyone's right to receive education.
Integration is a right to education for all children who are disadvantaged for various reasons, even though
it is strongly linked to the right of children with disabilities to an education.

The authors highlighted that for those who have low vision or are blind, understanding chemistry
is crucial to their everyday existence. There is still a dearth of research, although recent efforts to
eliminate barriers and make chemistry more accessible for these students have focused on conceptual
comprehension studies and teaching symbolic representations in chemistry. The majority of research has
concentrated on creating accessible laboratory settings, modifying current technologies to make
chemistry more approachable, and using conceptual knowledge to teach symbolic representations in
chemistry.

Based on the research BLV pupils have low interest in science and mathematics because of the
barriers in school learning spaces. Three categories can be used to categorize barriers to science access.
They are: (i) insufficient teacher preparation; (ii) restricted access to resources and tools; and (iii)
educators' acceptance.

The article "Teaching Chemistry to Students with Disabilities: A Manual for High Schools,
Colleges, and Graduate Programs 4th Edition.” (2001) by Miner, Dorothy L discusses mentoring pupils
with impairments similar to mentoring other students to mentor a kid with a disability. Teachers and
mentors need to be aware that people with impairments may have low expectations and low self-esteem.
Activities that take place outside of the classroom allow students to recognize, use, and record their
special talents. Typically, their strong points include their capacity for problem-solving, tenacity,
familiarity with negotiation techniques, and ability to forge agreement. Teachers and mentors should
encourage students with disabilities to engage in extracurricular activities.

These include: undergraduate research projects; campus organizations or interest groups that cater
to the needs of students with disabilities; membership in scientific societies, such as the ACS Student
Affiliates program; work-based learning opportunities;

In the article, it is written that some learning-disabled students perform better in the lab than in
the classroom. This is largely due to the lab's multimodal training, which blends written content from the
lab manual and notebook, hands-on exercises, and verbal presentations from the teacher. Depending on



the nature of a given lab exercise, adjustments in the lab may be necessary for some students. Students
who suffer from impairments related to auditory processing or sequencing, for instance, could find it
challenging to follow detailed instructions unless they are accompanied by written instructions.

For instance, investigation based learning laboratory exercises are more beneficial to all students
than activities or demonstrations with preset results. As a result, laboratory exercises can be changed
such that students must come up with their own methods for answering a particular subject.

The article “Three steps for gaining access to the general education curriculum for learners with
disabilities” by King-Sears, Margaret E. offers three steps to assist teachers in assessing how accessible
their general education curriculum is for students with disabilities. There are also recommendations for
improving the curriculum and thinking of original ways to change it. In addition to improving learning
for students with mild to moderate disabilities as well as typical students and students at risk of failing
their classes, special educators who use this process and work with general educators to improve weak
curriculum attributes also reap two main benefits: Students with mild to moderate disabilities, typical
students, and students at risk of failing school all benefit from (a) improved learning and (b) more
methodical, individualized placement decisions for students with disabilities, which may lead to the least
restrictive environment being the general education setting.

The article "Inclusion by design: Embedding inclusive teaching practice into design and
preparation of laboratory classes.” Hackl, Ellen, and Irina Ermolina present that Higher education
providers are responsible for providing individual adjustments and for creating an inclusive learning
environment. Numerous assessments from the past few years have concentrated on the institutional
commitment to inclusive teaching and learning as well as the development, implementation, and
evaluation of inclusive curricula. But, particularly in lab settings, inclusive learning environments aren't
frequently integrated into the broader requirements of the university. The majority of science and medical
courses, including pharmacy and pharmaceutical sciences, require students to complete practical work
in the lab as a required component of their education. This work cannot be substituted with theoretical
or online instruction.

The article "Inclusion in chemistry education in secondary school.” (2018) by Michna, Dagmar,
and Insa Melle discuss that as an evidence-based strategy to make schools and learning accessible for all
learners, the Universal creation for Learning (UDL) framework has been developed in the US for the
creation of inclusive learning environments. The main thesis is that universal access to the learning
materials may be necessary for effective learning for all pupils. To be more specific, the UDL framework
is made up of teaching strategies that allow students options and choices with regard to the resources,
settings, subjects, etc. A productive learning environment reduces obstacles while providing students
with support and challenge. The autors belief that flexible teaching strategies and resources are necessary
to minimize barriers. And as a result, according to CAST (2011), the UDL framework has three main
principles:

Principle I: Provide Various Representation Methods (the "what" of education)"
Principle 11: Provide Multiple Means of Action and Expression (the “how” of learning)
Principle III: Provide Multiple Means of Engagement (the “why” of learning)”

The purpose of this research is to determine the topics mentioned in order to integrate science-
specific content with inclusive teaching approaches. The research question is How significant topics are
found out to integrate subject content with inclusive teaching approaches.



Methodology

A comprehensive review of more than 20 academic articles fulfilling the frameworks or principles
of the Integrative content and inclusive teaching for the study of chemistry was carried out, 9 of which
were analyzed, special attention was paid to aspects of the structure of the Integration for the school in
Chemistry Lessons. Working with keywords such as "inclusive practices in chemistry teaching™ made it
possible to identify relevant research and articles for inclusion in the analysis. The study of articles and
their comparison made it possible to identify the main frameworks and principles of the methods of
implementing the Integrative inclusive teaching for school used in the context of teaching chemistry.

Sampling
In order to accomplish the goal, we examined 9 scientific publications, including methodological
books, essays, and scientific journals.

Article name (author, year of Description
publication)

“From barriers to boosters Offers informative analysis and suggestions for improving initial
initial teacher education for science teacher education programs in the context of inclusion.

inclusive science Discusses current obstacles and supporters in the context of initial
education”Frankel,Silvia science teacher education for inclusion.
(2023)
“Teaching energy in living Adapting learning settings to the requirements of students with
systems to a blind student in impairments is crucial. The authors provide two approaches to
an inclusive classroom education: educating students in inclusive classrooms and
environment.”Teke Dilek and | providing special education programs to those who require them
Mustafa Sozbilir (2019) separately from their peers.
“Teaching chemistry to Ways of teaching chemistry to students with disabilities.
students with disabilities: A | Recommended to encourage students with disabilities to engage in
manual for high extracurricular activities.

schools,colleges,and graduate

programs 4th edition”
Miner,Dorothy L (2001)

“Three steps for gaining
access to the general
education curriculum for

provides instructors with three steps to help them determine
whether their general education curriculum is accessible to

learners with disabilities” | Students with disabilities. Additionally, suggestions for enhancing
King-Sears, Margaret E the curriculum and coming up with novel modifications are

(2002) included.




“Inclusion by
design:Embedding inclusive
teaching practice into design
and preparation of laboratory

classes” Hacki,Ellen and Irina
Emollina (2019)

For learners with disabilities, lab lessons can pose numerous
challenges. Making proactive changes to the planning and
organization of laboratory classes can help to ensure that lab-
based learning is as inclusive and accessible as feasible.

“Inclusion in chemistry
education in secondary
school” Michna, Dagmar and
Insa Melle (2018)

Explore examples, principles to integrate science-specific content
with inclusive teaching approaches. A conducive learning
environment lessens barriers while offering students challenge and
support.

“The future of laboratory
chemistry learning and
teaching must be accessible”
Egambaram,QOrielia (2022)

About making laboratory-based chemistry learning environments,
teaching, assessment, and resources accessible to all students and
staff.

“An exploratory study of
universal design for teaching
chemistry to students with
and without disabilities”
King-Sears,Margaret E
(2015)

Conducted a survey between students with and without disabilities
while teaching chemistry. For the post-tests, there was an
interaction effect between students with and without disabilities,
but there were no significant differences between the conditions.

“Conflicting demands of
Chemistry and Inclusive
Teaching” Abel
Simone,Brigitte Koliander
and Thomas Plotz(2020)

Examines the problems that a teacher may encounter when
instructing a so-called "hard science,"” such as chemistry, in an
inclusive classroom. It is believed that all students should be able
to participate in science-specific learning processes thanks to
inclusive science education.

Data collection

During my research work, | searched for articles on the topic "INTEGRATING INCLUSIVE
PRACTICES IN CHEMISTRY EDUCATION" in Google Scholar, especially paying attention to the
keywords about topic related to inclusive practices in chemistry education. | studied various academic
databases to find relevant literature and critically evaluated the ways in which each article addressed the
research objectives. This process helped to ensure that relevant and high-quality articles were included

in the analysis on the topic.

Data analysis

After carefully examining each article, | discovered that nine of them fully addressed the study's
frameworks and principles and provided insightful details about the usefulness and real-world

applications of inclusive teaching and learning when implementing the integrated subject content and
inclusive pedagogy in the chemistry classroom.




Result

E et al. (2015)
Frankel et al. (2023)

Learning (UDL)

Article name Related topic Frequency Percentage
Frankel et al. (2023) | The add-on approach and 2 22.2%
Kings-Sears,Margaret E subject-specific
et al.(2015) elaboration
Michna, Dagmar, and Design of Inclusive 3 33.3%
Insa Melle (2018) classrooms
Teke Dilek and Mustafa
Sozbilir (2019)
Miner, Dorothy L et
al(2001)
Abele Simone,Brigitte Documentary method 1 11.1%
Koliander et al. (2020)
Frankel et al. (2023) open educational 4 44.4%
Hacki, Ellen and Irina resources
Emollina (2019)
Egambaram, Orielia
(2022)
Miner, Dorothy L et al
(2001)
Kings-Sears, Margaret Universal Design for 2 22.2%

At the end of the study, 9 different articles on "inclusive practices in chemistry teaching™ were
analyzed, identifying five types of topics. The main topics include the importance of creating a supportive
and accessible learning environment for all students, regardless of their backgrounds or abilities (open
educational resources)-44.4% and design of inclusive classrooms-33.3%.

Conclusion

In conclusion, the article explores the critical necessity of integrating inclusive approaches into
chemistry education at its conclusion. After a thorough examination of the scholarly literature and a
thorough analysis of pertinent studies, it is clear that creating an inclusive learning environment requires
tackling the obstacles faced by students with disabilities. The research emphasizes the significance of
developing welcoming and accommodating learning environments for all students by highlighting
several frameworks and concepts for applying inclusive teaching approaches in chemistry classrooms.
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The importance of proactive approaches, like using universal design for learning (UDL) principles,
making use of free educational materials, and creating inclusive classrooms, is highlighted by key
findings. These techniques seek to improve chemistry education equity, accommodate a range of learning
demands, and increase student engagement. By using inclusive approaches, teachers may help all
students succeed and make valuable contributions to the area of chemistry, which will improve learning
outcomes for each student and the discipline as a whole.
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PISA XAJIBIKAPAJIBIK CAJIBICTBIPMAJIBI 3BEPTTEYI BAPBICBIH/IAT'BI
YCBIHBUUITAH TAIICBIPMAJIAPIBIH CUITATTAMACHBHI

Anparna. byn makana PISA xanbikapanbIK canbICThIpMalbl 3epTTeyi HIeHOepiHAerT MaTeMaTHKAJIbIK
ecenTep/i Tanayra apHaiarad. HakTel eMipitik skafaiapia KoJAaHbUIATBIH TEOPUSIIBIK CYPAKTap MEH
TarchblpMaap/blH )KUBIHTHIFBIHAH TYPAThIH MaTeMaTHKAJIBIK €CENITEP/IiH 9pTYpIli TYPJIEpiH cumarrayra
epekiie KeHUT OeisiHedl. 3epTTey OapbIChIHIA OKYIIBUIAPJABIH (DYHKIMOHANIBIK CayaTThUIBIFBIH
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Oaranay/arbl OChl MiHACTTEPAIH MAHbI3AbUIBIFBI aTal ©TLIE 1, OYJ1 0JIapIbIH MaTeMAaTUKAJIBIK OLTIMACpiH
KYHJIGNIKT1 emipze KonaHa Oty KaOineTin Oaranayra KOMEKTECe/l.
Tyiiin ce3aep: PISA, xanslkapaiblK CalbICTBIPMAIIbI 3epTTEY, MAaTEMAaTHKANIBIK CayaTThUIBIK.

Kipicne

2000 >xpuiman Oactar, OkoHOMHUKANBIK blHTEIMakTacThiK xoHe Jlamy YiibimbiHa (ObBIJY)
KIpeTiH MeMeNeKeTTepAiH OuTiM amymbulapbiHaH OacTajbIll Kas3ipri Ke3ie SJIEeMHIH op TYKHIpiHAeri
KONTEreH MEMEJICKETTep MEeH JKeKe aiMaKTap/IbIH OLTiM amymsuiapsl KaTeiHacaThiH PISA xanbikapaibik
CaJTBICTBIPMAJTBI 3€PTTEYl XaJbIKApaJIBIK JCHI€H I TAHBUIFAH BIKIAJIbI Oaraay Kypaibl. Y I KblIga Oip
PeT OTKI3UTIHeTIH OYJ1 3epTTey OLTIM amymIbUIapAbIH OUTIKTUIITiH YIII OaFbIT OOWBIHIIIA, MATEMATHKAIIBIK
cayaTTBhUIBIK, »KapaThUIbICTaHy CayaTTBUIBIFBl JKOHE TUI CAyaTThUIBIFbI OOWBIHINIA capanTaijipl. Op
CaJIBICTBIPMaJIbl 3€PTTEY/IE OChI YII OaFbITTBIH Oipeyl OacTbl OAFBIT PETIHIE TaHIAJIA IbI.

Kazak Eni okymisuiaper 0y cansicteipMmantbl 3eprreyre 2009 sxbuinan 6actar KaThIHACHITT KEJIE/I.
Kazak Eni okymbuiapsiHbIH OyJ1 XaablKapaiblK calbICTRIpMaibl 3€PTTEY/IE KOFapblaa alTKaH Yl OaFbIT
OOMBIHIIIA [1a )KOHE COHBIH 1II1H/IE 9CIPEce MaTEeMATHUKAJIBIK CayaTThUIBIK OOMBIHIIIA HOTHXKEEP1 «OKAKChD»
neyre kenMeni. OpuHe MaceseHiH Oyiiail 001ybIHBIH KenTereH cedemn-cannapiaapsl 6ap. CoHblH 0ipi,
PISA xambIkapaiblK CaBICTRIPMAIIBI 3€pTTEyi OapBICHIHIA MaTEeMAaTHUKAJIBIK CAyaTThUIBIK OOWBIHIIA
YCBHIHBUIATBIH TalChIpMaapblH CUMATBIMEH O13/IIH >Kajimbl OUTiM OEpeTiH opTa MEKTeN MaTeMaTHhKa
TIOH1 MYFalliMEpiHiH TaHbIc OonMaywl nep emik. Ochl skaFraaiira OalIaHBICTBI TOMEHE P KbUIIAPhI
PISA xanbIkapaibIK CaabICTBIPMAIIBI 3€PTTEYi OapbICHIH/IA KENTeH, OLTIM ayIIbUIap IbIH MaTeMaTHKAIIBIK
cayaTTbUIBIK JIHT€iiiH Oaranayra apHaJIFaH TalChIpMasap/ibl YChIHBII OTBIPMBI3.
1l-ranceipma. IIMIIA
[Munepusiia KaabIHABIFBI OIp/Iei jKoHE MOJIIIeP1 OPTY Pl €Ki IOHTeNIeK MUIla JaibiHaanaapl. Kinicinig
muametpi 30 cm xone KyHbI 30 3e1. YikeHiHiH auameTpi 40 cm sxoHe KyHBI 40 3e/1.
1-cypak: [TUIIIIA
Kait muriiansl catein ainy THIMAIPEK? O3 MKIpIHI3A1 19JIEICHI3.
MOCEJIEHIH MAKCATBDI:
Cunarrama: NMUIIAHBIH MeJILIEpl MEH OHBIH KYHBI apachIH/IaFbl OalIaHbICTBl OpHATY.
MareMaTHuKaJIbIK Ma3MYH Calachl: ©3repic )KOHE TOyeIIUTIK
Konrekct: xeke
TaHBIMABIK iC-0peKeT: TYKbIPbIMAY
Kayan ToJibIFbIMeH KaObLIIaHAIbI

1: mumaneiH 0eTKi KabaThl OHBIH KYHBIMEH CaJIBICTBIPFaH/a TE3IPEK OCEi JIETeH JIoJIeNl KENTIPLITreH,
COH/JIBIKTaH YJIKEH MHIILA CaThII aly THUIMIIPEK

[MunuaneiH AUaMeTpl OHBIH KYHBIHA COWKec Keneni, Oipak MUIIAHBIH MeJIIepi OHbIH aylaHbIHA
0alimaHBICThI, COHMIBIKTAH Ci3 YJIKEH MUIIIla CaThIN alFaHa Oip 3e1Kke KoOipeK MUIIla aaachl3.

2: YJIKeH MULIA THIMJIPEK JereH KOPBITHIHABIFA KNy YILIiH 9p eJIIIeM YUIiH Oip 3e] YIIiH MHUIIaHbIH
ayJaHbl MEH CaHbl ECENTENTeH.

Kimkenrtait munuansig aynansi-0.25 x w x 30 x 30 = 2257; 6ip 3e1ke apHaJIFaH MUIIIAHBIH MOJIIEpi -
23.6 cM2; ynkeH nmunuaneiH aygansl - 0.25 x © x 40 x 40 = 4007; Oip 3eaKe apHaJIFaH MUIIIAHBIH
Meepi-31.4 cM2, COHABIKTAH YIKEH MUIIA THIMIIPEK.

Kayan kadbL11aHOAHABI



1: omapapiy KyHbI Oipnieit. (bys kate sxayan Oeliek MIBIFapBLUIIBI, OWTKEHI 013 KaHIIa CTYACHTTIH OChUIal
xKayar OepeTiHiH OaKbIIaFbIMbI3 KEJIEi).

2: Oacka xayanTap HeMece JAYpPhIC TYCIHAIPYCi3 AYPHIC Kayarl.

3: kayamn OK.

2-tancbipma. DUT'YPAJIAP

1-Cypak: Gurypanap

Kait purypansig aynansr Yiken? [lenriminizai nonenmeHis.

durypajap: 1-cypakTbIH kayadbIH 0arasay

Cypakmuiy makcamoi: ypbic eMec (purypangapapiH ayIaHIapblH CaTbICTHIPY.

Kayan ToJibIFbIMeH Ka0bLIIaHAIbI

1: B durypacsi, komnaitsiel TyciHaipmeci oap.

byn en ynken aymansl 6ap ¢urypa, 6MTKeH1 KaTFaHIapbl OHBIH II1HE CHIWBIT KeTYyl MYMKIH.

AKayan kaObL11aHOAHIBI

1: Konaitnel, 6ipak monenciz B purypacer.

2: Gacka >kayarrap.

3: xayamn OK.

3-ranceipma. BAJTIOTA AUBIPBACTAY BAFAMBbBI

Cunramnypaan kenreH Moii-JIuHT cTyaeHTTepMeH anMacy Oaraapiaamackl 0oiibiaima OHTYCTIK Adpukara
3 aiira camapra maipiHganapl. Oran OipHeme Cunramyp aosutapbid (SGD) OxHtycTik Adpuka paHziHe
(ZAR) aybpICTBIpY KaXKeT OOJIIBI.

1-cypak: BajioTa aiibip6acray 6araMmbl

Mbit-Jlunar Cunranyp nosiapbl MeH OHTYCTIK Adpuka paHABIHBIH apachblHIarbl aibipOac OaraMbl
KeJlecimel ekeHid Oumi:

1SGD =4.2 ZAR

Mbit-Jluar ocel Oaram OoiibiHma OHTycTik Adpuka panpaceiHa 3000 Cunramyp JoJUTapbiH
alpIpOacTapl.

Mbii-JIuHT KaHia OHTYCTIK aQpUKaIbIK paH anabl?

XKayam: 12 600 ZAR

BAJIIOTA AUBIPEACTAY BAFAMBI: 1-CYPAKKA JXAVAIITHI BAFAJIAY

ZKayan ToJbIFbIMeH KaObLIAaHAIbI

1: 12 600 ZAR (6ipmik MIHIETTI €Mec).

Kayan kadbL11aHOAHABI

2: backa xayanTap.
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3: kayamn OK.

2-cypak: BalltoTa aifbipbacray OaraMbl

3 aii iminze Bamora aifpipbacray 6arambel SGD yurin 4.2-nen 4.0 ZAR-ra e3repni.4.2 ZAR opubiHa 4.0
ZAR-narsl )xana Momine OHTYCTiK Adpuka panarapsin CHHTamyp JA0JIapblHa aybICThIpFaH Ke3ae Moii-
JIvar yuria TaiMai 6omael ma? JKayaObIHBI3 B! TYCIHIIPIHI3.

BAJIFOTA AMBIPBACTAY BAFAMBI: 3-CYPAKKA XAVYAIITEI BAFAJIAY

/Kayan ToJbIFbIMeH KaObLIIaHAIbI

1: xounaiinel Tycinaipmeci 6ap "Ua".

Wo, Temenri Basmtora 6aramer 6oiibiHIIa (1 SGD ymin) Maii-JIMHT OHTYCTIK apUKaIbIK paHATAPHI YIIiH
CUHTAMypPJIBIK JI0JUIap/Ibl KOOIPEK amapl.

Ws, 61p nomnapra 4.2 ZAR Oarambl 6oiibiHIIa os1 929 ZAR ananpl. [Eckepty: ctynent SGD opHbiHa
Z AR >xa3zpl, Olpak ecentey MEH CcajbICThIPy HAaKThl OPBIHIAM/IbI XKoHE OYJI KaTeH1 eckepmeyre 0oabl. |
N, evitkeni os1 1 SGD ymin 4.2 ZAR angpl, an kasip 1 SGD carein anmy ymrin ek 4.0 ZAR kaxer.

Ns, cebeb1 0.2 ZAR SGD catsin any ap3anFa TYCTI.

Wo, eliTkeHi 4.2-re OomiHrenae, coma 4-ke O0JIIHreHHEeH a3 00J1agbl.

Ns, xypc TriMai 601bl, OUTKEHI erep o1 TeMeHaemece, o1 50 gosapra a3 anybl MyMKIH €/l

AKayan kaObL11aHOANIBI

1:" Ua", TyciHaipyci3 HEMece >KETKUIIKTI AdJ TYCIHIIpMeci3.

Wb, Temen BamoTa 6arambl TUIMIIPEK OOJIIIBI.

Wo, kypc thimai 6omnmel, eritkeHi erep ZAR temennece, ousiH SGD-re aiibpipbacTayra Kell aKmIachl
OoJIaIbl.

Wo, Moii-JIuHr yuriH maiaansr 00k

2: Gacka >kayarrap.

3: xayamn OK.

4-tancpipma. ®Y/I3U TAYBIHA KOTEPLITY

®dyn3u Taysl — XKarmoHus IaFel OUriTi OeJICeH 11 eMec KaHapTay.

1-cypak: ®VY/I3U TaysiHa keTepiny

@dyn3u Taysl KbUI CaiiblH | miigeneH 27 TaMbI3Fa IeHiH agamMaap/Ibl KeTepy YIIiH amblK. OChl YaKbIT
imriage @yn3u taysina mamamen 200 000 agam keTepinesi.

Kynine @ya3u TayblHa OpTallla €CcernreH KaHia ajgaM Ketepuiei?

A. 340

B. 710

C. 3400

D. 7100

E. 7400
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OY/I3U TAYBIHA KOTEPUILY: 1-C¥PAKTHIH )KXAYABBIH BFAFAJIAY
MOCEJIEHIH MAKCATHBI:

Cunarrama: XKanmbl caHbl MeH OepiIreH Ke3eHJi ecKepe OTBIPHIN, aJAaMIapAblH OopTamia KYHIETIKTI
CaHbIH aHBIKTAHBI3.

MareMaTHKaJIBIK Ma3MyH cajachkl: CaHbl

Konrekct: Koramibik

TaHBIMABIK iC-OpeKeT: TYKBIPbIMIAY

/Kayan ToJIbIFbIMeH KaObLIIaHAIbI

1: C. 3400

Kayan kadbL11an6anabI

1: 6acka >xayamnrap.

2: )Kayar *OK.

2-cypak: ®VY /I3 raybrHa keTepiry

@dyn3u tayeiHAaFel ['oTemMOa kasy JKYPTIHIIUIED JKOJBIHBIH Y3bIHJIBIFBI IIAMaMEH 9 MIAKBIPHIMIBI
Kypaunmsl.

Kasy xyprinmiiep 18 km cepyeHHeH KkeiiiH 20 caraTKa opaiybl Kepek.

Tomm Tayra opTama >KpUIIaMIBIKIIEH 1,5 KM/car KeTepulim, OJlaH €Ki €ce TOMEH Tyce ajajabl e
ecenrre/i. OChI )KBUIAMIBIKIICH KO3FaTy Ke31H/Ie TaMaK INIyre KoHe JieMalyFa YaKbIT KaJabl.
Benrinenrex purmaMabpIKTapabl KoJiqaHa oTeIpsit Tomu, Tomm keTepisie 6acTalThIH €H KeIll YaKbITThI
aHBIKTaHbI3, COHAa 011 20 caraTKa Opaybl MYMKIiH.

Kayam: 11 (car)

OV]I3U TAYBIHA KOTEPUIY: 2-C¥PAKTBIH )KAYABBIH BAFAJIAY

MOCEJIEHIH MAKCATHI:

Cumnarrama: eKi JKbUIIaMABIKTHI, XKOJIAbIH >KaJbl Y3bIHBIFbIH KOHE asKTaTy YaKbIThIH €CKEpPE OTBIPHIIL,
KOTEpULIY/iH OacTaiy yaKbIThIH €CENTEHI3.

MatemaTuKalIbIK Ma3MYH CaJlaChl: ©3repic jKoHE TYEALUTIK

Konrekct: Koramabik

TaHBIMIBIK 1C-OpPEKET: TYXKBIPhIM/IAY

Kayan ToJibIFbIMEH Ka0bLIIaHAIbI

1: 11 (car) [enmiemM OipiikTepi KOpPCETUTyl HEMece KopceTuiMeyi MyMKiH. MyHAal yakbITThI JKa3yra Jia
pykcart erizemni-11:00.]

Kayan kadbL11aHOANABI:

1: Gacka >xayamrap.

2: )ayan koK.

S-tanceipma. F'APAXK

I"apaxx eHztipymIiciHiH "HEr3ri" acCOPTUMEHTI TeK Oip Tepeseci MeH Oip eciri 6ap MoiebaepAl KAMTH IbI.
Juma "Heri3ri" acCOpTUMEHTTEH Keneci MoJIenbai TaHaaasl. OHJarkl Tepe3e MEH eCIKTIH OpHaIacybl OH
KaKTa KOPCETUIreH.
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1-cypak: TAPAX

Temenyeri cyperrepae "HEri3ri" MOJEIbICP/IIH apTKBI kKaFbIHIA Kajlail kepiHeTiHi kepceTimreH. OcChl
ce30anapbiH Oipeyi FaHa J{uMa TaHaaraH MOJICITBIe COMKEC Kelle/Ii.

Juma kanmai monensai Tanaanasi? A, B, C nemece /1.

I'APAX: 1-C¥PAKTDBIH X XAYABBIH BAFAJIAY
MOCEJIEHIH MAKCATBI:

Cunarrama: eki yII eJIIeMIl MOJEIbAepAl OallaHbICTBIpy YIUIH KEHICTIKTIK KalulerTepal
MalJaTaHbIHBI3.

MatemaTuKalbIK Ma3MYH Ccallachl: KEHICTIK JkoHEe dopMma
Kontekct: Kacion

TaHBIMIIBIK OETICEHALTIK: TYCIHIIPY

ZKayan ToJbIFbIMeH KaObLIIaHAIbI

1: C

Kayan kadbL11aHOAHABI

1: Oacka xayanTap.
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2: )Kayarl koK.

6-ranceipma. ®PEPMA
MyHna ci3 mupaMua Topiz/ii Tedeci 6ap gepma yiiHIH CypeTiH Kepecis.

Temenne eommeM OipimikTepi KOCBUIFAH OepuUIreH YHIIH IIATBIPBIHBIH MAaTEMaTUKaJIbIK MOJeNi
KOPCETIITEeH.

Mogenbne ABCD perinae OenriieHreH matelp mapiibl 0ombin Tadbimaapl. [laTeipasr KoagaTeiH
apkanbiktap EFGHKLMN 6n0rbiHbIH  (TIKOYPHIIITHL MPU3MaHbIH) IeTTepl OoJbin Talbuaabl. E
nykreci-AT coynecinin optacel, F nykreci — BT coynecinig opracel, G Hykreci — CT coynecinin opTachl,
ann H nykreci-coiikecinmie DT coynecinin opracsl. [Tupamunanbsia 6apiiblk KaObIpFanapbIHbIH Y3bIH/BIFbI
12 meTtp.

1-cypak: DEPMA

ABCD matbIpbIHbIH ayJJaHbIH €CENTEHI3.

[Hateipasiy aynanst ABCD= M2.
OEPMA: 1-C¥PAKTDBIH XXAYABBIH BATAJIAY
MOCEJIEHIH MAKCATHBI:

MaremaTHKaJIbIK Ma3MYH Calachl: ©3repic *oHe TOyel UK

KoHTeKCT: FbUIBIMM TaHBIMJIBIK KbI3MET: KOOeHTy, aHbIKTaManap, ecenteysep
XKayan TosnbIFpIMEH KaObLIIaHAIbI

1: 144(emuem Oipiiiri KOpPCETLIreH).

XKayan kaObi1aanOan b1

1: Gacka xayanrap.

2: )Kayarl koK.

2-cypak: DEPMA
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bnoxTeiH keneHeH xuekrepinin 6ipi EF y3bIHIBIFBIH €cenTeHis.

¥3pmapwel EF= M.
OEPMA: 2-C¥PAKTDBIH XXAYABBIH BAFAJIAY
MOCEJIEHIH MAKCATHBI:

MatemMaTHKaJIBIK Ma3MYH CaJlachl: KCHICTIK JKoHE hopMa

KoHTekcT: kociOM TaHBIMIBIK KBI3MET: MOCEJNICHI HIelry YIIiH OaiaHbIC OpHATY >KOHE aKIapaTThl
OipikTipy

XKayan TonbIFpIMEH KaObLTIaHAIbI

1: 6 xoapI(enIIeM OipITiri KOPCETLITeH).

Kayan kaObu11aHOAM B

1: 6acka >xayamnrap.

2: )Kayar *OK.

7-tanceipma. CYHEKTEP

1-cypak: cyiiekrep

OpKalchIchl epexxere OarblHAIbI: Op CYMEKTIH €Kl Kapama-Kapchl OETIHAEr1 HyKTeIepiH Kbl CaHbI
opkarmas xeti (7) 6onampl.

Op YAIIBIKKA (POTOCYPETKE COMKeC CYHEKTIH TOMEHT1 OETIHAET1 HyKTeJIEp CaHbIH YKa3bIHbI3.

CYUEKTEP: 1-CYPAKTBIH JXAVABBIH BAFAJIAY

XKayan TonbIFEIMEH KaObLITaHA bl

1: sxoraprel Katap (1 5 4) Temenri katap (2 6 5). Cyiiek OeTi peTiHIe KOpCeTUIreH yKcac jkayan Ta
ecenTenel.
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1 5 4
2 6 5
o 000
® ...
o isoo

Kayan kaObu1IaHOAN B
1:6acka xayanrap.
2: )ayarn koK.

8-tancbipma. TEHI3 MBICBIFBIHBIH, YTKBICHI

TeHi3 MBICBIFBI Cy acThIH/IA YIBIKTAaca J1a THIHBIC allybl KepeK. MapTuH TeHI3 MBICHIFbIH Oip caraT OobI
Oaxputan oThIpabl. bakpiiayaeiH 6achiHa TEHI3 MBICHIFBI OCTIHE MIBIFBIN, AeM anabl. ComgaH KeHiH o1
TYO1HE CYHriN, YibIKTan Kanael. TyOGiHeH o1 8§ MUHYT imiHAe Oasy OeTiHe LIBIFBIN, KalTagaH JeM allfbl.
Y1 MUHYTTaH KeWiH 01 KaiTagad TyOiHAe Oosbl. MapTuH Oyl mporiecc oTe TYpPaKThl €KeHIHE Hazap
ayJap/sl.

1-cypak: TeHI3 MBICHIFBIHBIH YHKBICHI
bip caraTTaH TEHI3 MBICBIFHI.

A. TyOiHze 60l

B. Ketepinai

C. 1eM aimasl

D. Temenneni

TEHI3 MBICBIFBIHBIH YMKbBICHI: 1-CYPAKTBIH )KAYVABBIH BAFAJIAY
Xayarm TonbIFbIMEH KaObLIIaHaIbI

1: B. Ketepini.

XKayan kaObu1gaHOal b1

1: Oacka xayanTap.

2: )Kayarl XOK.
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9 — ranceipma. PEAKIIUS YAKBITbI

KpIcKa KalbIKTBIKKA KYTipy/e "peakiust yakbIThl" 0aCTanKbl MBUITBIKTBIH aThUTybl MEH CHOPTIIBIHBIH
OacTankpl JKacTBIKIIATAPJaH KO3FaIybl apachIHIAFbl YaKbIT apaiblFbl Aemn aranajbl. "COHFBI yaKbIT"
peaKiys yakbITBIH /1a, KO3FAJIbIC YaKbITHIH /12 KAMTH/IBL.

Keneci kectene >Xy3 METpIIK >KapbICTa CeTi3 JKYTIPYLIIHIH peakmus YakKbIThl MEH COHFBI YaKbITHI
KOpPCETUITeH.

Kon Peaknusa yakwITbl | COHFBI  YaKbITBI
(cex) (cex)

1 0.147 10.09

2 0.136 9.99

3 0.197 9.87

4 0.180 JKapbicThb

asiKTaMabl

5 0.210 10.17

6 0.216 10.04

7 0.174 10.08

8 0.193 10.13

1-cypax: peaxiusi yakbIThl

ANTBIH, KyMic JXOHE KOJIa MeJallb ajfaH KYTIpyLIiiepai aHbIKTaHbI3. TeMEHJeri KecTeHi Menaib
uerepiepiHiy TpeK HOMIpIepIMEH, OJNapAbIH pEaKkius YaKbITBIMEH JKOHE COHFBl YaKbITBIMEH
TOJNTBIPBIHBI3.
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Menann Koa Peakuus Courbl

YaKbIThI YaKbIThI
(ceK) (cek)

AnTHIH

Kywmic

Koma

PEAKIUA YAKBITBI: 1-C¥PAKTHBIH )KAYABBIH BAFAJIAY
XKayarn TosbIFbIMEH KaObLIIaHA/IbI:

Menaiuasb Koa Peakuus Conrbl
YaKbIThI YaKbIThI
(cex) (cex)
ANTBIH 3 0.197 9.87
Kymic 2 0.136 9.99
Kouna 6 0.216 10.04

Kayan kaObu11aHOaM B

1: Gacka >xayanTap.

2: ’)kayarn )OK.

2-CypaK: peakuusi yaKbIThI

Ochl yakpITKa JIeH1H agaMaapIblH eIIKaiChIChl Tananmanbiy aTtybiHa 0.110 cekyHaTaH a3 yaksIT ilIiH]IE
)ayar Oepe aiMaibl.

Erep xkyripyminin 6enrinenrex peakius yakpITel 0.110 cexynaran a3 0ouica, xanrad 6actay OpbIH ajbl
JIeT ecenTelie/ll, ©UTKEeH1 JKYTIpYIl MBUITHIK CUTHAIIBIH €CTIreHTe JeiiH Ko3Fana 6actaraH 00JIybl KEpek.
Erep xoua sxymnmerep/iiH peakiius yakKbIThl KbICKa 00JiCa, OHBIH KYMIC YTHIN ally MYMKIHAIIT1 Oonap Ma
eni? XKayaObIHBI3AbI TYCIHAIPIHI3.

PEAKIIUS YAKBITBI: 2-CYPAKTBIH ) KAYABBIH BAFAJIAY

JXayarm TonbIFbIMEH KaObLIIaHaIbI

1: Komaiins! TyciHaipmeci Oap "Ma".

Wa. Erep onbiH peakius yakbIThl .05 cekyHAKa KbU1iaM 0oJica, 0J1 eKiHII1 OpBIHFA KOTepisie anap ei.
No, erep onbiH peakuust yakpIThl 0.166 cexyHaTaH a3 0ojica HeMece COJl CaHFa TeH 0oJica, Ol KyMicTi
YTHIN ally MYMKIHZIriHE ue 601ap eni.

Wo, MyMKiH 60JaThIH €H KbUIJIaM peakuusMeH o1 9.93-te xxyripesi, Oyi1 Kymic Meaaib YIiH KETKUTIKT1
Oomap efi.
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XKayan kaObu1IaHOAN BT
1: 6acka xayanrap, coHbIH iminae" Mo " ¢ EeTKUTIKTI 1)1 TYCIHIKTEME YKOK.
2: )xayar kOK.

10-ranceipma. KOKTEMI'T )KOPMEHKE

1-cypak: KeKTeMT1 )KOpMEHKE

KekreMri »opMeHKeIe OWHAY aifHAIMalbl JTOHTEICKTI maiaananyasl KamTuael. Erep JloHFasiak skyr
CaHFa TOKTaca, OWBIHIIBIFA COMKEACH Oip map/pl MbIFapyFa pyKcart eTiieai. AiHaIManbl JOHFalIaK MeH
COMKEJICT'1 Mapiiap TOMEHETI CypeTTepie KOPCEeTUITCH.

CrIiinbIKTHI Kapa JlonTsl TapTKaH agam ananbl. Kats Oip peT oiHaiiabI.
KatstapIH KynIeH1 )KeHII aly bIKTUMaJIBIFBI KaH1an?

A. Mywmkin Emec.

B. Ekiramaii.

C. mramamed 50% BIKTUMAJIIBIK.

D. eTe BIKTUMAJL.

E. Jlom

KOKTEMI'l /KOPMEHKE: 1-CYPAKTBIH ’)KAYABBIH BAFAJIAY
JKayan TonbIFBIMEH KaObLIIaHA B

1: B. Ekiranaii.

Kayan kaObu11aHOaM B

1: Gacka >xayanTap.

2: ’)kayarn )OK.

11-ranceipma. KITAII COPEJIEPI

Cepenepaiy 6ip >KUBIHTBIFBIH Kacay YIIIH aralll YCTachblHA Keyeci OeIeKTep KaxkeT:

4 y3bIH araI MmaHebAep,

6 KbICKa araill maHenbaep,

12 kinrkeHe OEKITKIITep KoHe

14 6our.

Aram ycracblHAa 26 Y3bIH aFalll MaHenb/ep, 33 KbIcKa aralll nanenbep, 200 KinkeHe OeKITKITep xKoHe
510 6ontrap 6ap.
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N

TN

1-cypax: kiram cepenepi

Arain ycrachl KaHIlla cepe KMHai anajbl?

HKAYaIT: .o

KITAIT COPEJIEPI: 1-CYPAKTbBIH XXAYABBIH BAFAJIAY
}Kayan TOJIBIFBIMCH Ka6I)IJ'II[aHaI[I)I

1:5.

Kayan kaObu11aHO0aM b1

1: Gacka xayanTap.

2: Kayarl )KO0K

12-ranceipma. AOPI-IOPMEKTIH K¥PAMbI
1-cypak: nopi-TopMeKTiH KYpaMbl

AypyxaHaJarbl olesre NMeHUIWIINH UHBEKIUIACH Oepineni. OHBIH JeHeC! MeHUIWLIMHII OipTiHaen
BIABIPATaIbl, COHJBIKTAH MHBEKIUSAIAH KEH1H Oip caFaTTaH KeHiH NEHUITWUTMHHIH TeK 60% - b1 Oencen i

OoJIaIbl.

By nmporiecc KaitTanaHasbl: op CaFaTThIH COHBIH/IA aIABIHFBI CAFATTHIH COHBIH/IA KAFaH MCHUITUIUTHHHIH

Tek 60% - BI FaHa sKaFacabl.

Taneptenri carat 8 - ae oitenre 300 MUUTUTPaMM EHUITWIUIAH 03aCkl 0Pl ACIiK.
08:00-men 11:00-re paeitiH yakpIT apajbIFbIHIA OWEIIH KaHBIHIA JKYMBIC ICTEHTIH TMEHHUIUUINH

MOJIIIIEPIH KOPCETETIH KECTEeH1 TOITHIPBIHBI3.

Yakeir | 08:00 | 09:00 | 10:00

11:00

Hennumanun (mr) | 300

JHOPI-IOPMEKTIH K¥PAMBI: 1-C¥PAKTBIH X)XAYABBIH BAFAJIAY

JXayarn TosbIFbIMEH KaObLIIaHaIbI

1: kecTeneri OapJIbIK YIII IO3UIHS AYPBIC.

YakeIT 08:00 09:00

10:00 11:00

HMennumanun (mr) | 300 180

108 64.8 nemece 65

XKayan imriHapa KaObLIAaHA B
1: xkecteneri Oip HeMece eKi O3UIUs AYPHIC.
XKayan kaObu1IaHOAN BT
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1: Gacka xayamrap.
2: Kayar koK. [ 14]

KopbIThIHABI

TaKbIPBINTHI 3€pTTEN KEJ€ alTapbIMBbI3:
1. PISA xanmpIKapaJibIK CaJbICTBIPMAJIbl 3€PTTEYl TaNChIpMaIapbl OLUTIM aTyIIbUIAPIBIH TEOPHSUIBIK
OLTiMIEpiH eMec, oJapIblH ajFaH OUTIMIEpPIH eMIpiiK mpobiemManappl meme ary Ky3ipeTTUTiKTepin
caparnTain/ipl.
2. bi3xaiH emiMi3 okynisapbiHbIH PISA XaltbikapaliblK CalTbICTRIPMAITBI 3EPTTEYIHIC OKIHIIIKE Opaid

TOMEH HOTH)XKE KOPCETYl OCBIHAANM CHUIATTAFbl TAlICBIPMAaJIap IbIH JIEMEHTAp MaTeMaTHKa Ma3MYHBIHIA
a3 KaMTbUIYbI JICTI OMJIAMBI3.

3. 3eprrey Outrim Oepy xyienepin PISA ycelHFaHmail xanblKapaiblK Oaranay CTaHAapTTapblHA
OeitimaeyIiH MaHBBABUIBIFBIH KopceTeni. PISA ecentepin Tanmay cTyaeHTTepAeH OUTIMII FaHa eMec,
COHBIMEH KaTap OJIapAbl CTAaHIAPTTHI €MEC JKaraaujapaa KOJJaHy KaOUIeTIH Tajial eTeTIH HaKTHI,
KOHTEKCTTEJITeH MaceleNepi memnryre 6aca Hazap ayaapyabl kepcereni. by mocTypai ecte cakraygaH
CBIHM OMJIayFa JKOHE aHAJTMTUKAJIBIK KYMBICKA aybICY bl KopceTel. by Tocin oKy OarmapiamaiapbiHaH
TEOPUSUTBIK OUTIMIII KaMTYZbl FaHAa €MecC, COHBIMEH KaTap OJIap/bl eMIpJIIK Macesenepl Wenry Y
KOJIZTaHy JIaFIbUTAPBIH TaMbBITY/IbI TAJIaIl €Tel, OYJI ocipece O131H eMIMI3IIH CTYIEHTTEP1 XaIbIKapaJIbIK
CAJTBICTBIPY/Ia KOPCETKEH TOMEH HOTIDKEJIEp asChIHIA 6TE MaHBI3/IbI.

4. 3eprrey Hotmxkenepi crynaeHtrepal PISA-uel rana emec, coHbIMeH Karap 0acka Ja ykcac
CBIHAKTap/bl COTTI TAICHIPYFa KAKCHIpaK JaWbIHIAY YIIIH OKY MaTepHajapbl MEH OKBITY OJICTEPIH
KaliTa Kapayra jkoHe e3repryre OuriM Oepy OarmapiaMainapbl BIHTATAHIBIPYBI KEPEK. XaIbIKapaibIK
apeHama OuriM Oepy CTaHAApTTApPBIHBIH ©3CKTUIIN MEH O3€KTUINH CaKTay eJJIiH JJIeMIIIK
pEeUTHHITEpEr] MO3UIUACHIH JKaKCAPTHIN KaHa KOWMai/bl, COHBIMEH KaTap CTYICHTTEPAIH OKY KoHE
OMIPJIIK KY3BIPETTUIITIH apTThIpa OTHIPHIMN, Ka3ipri QJIEMHIH HAKTHI ChIH-KAaTepJepiHe MalbIHAATYybIHA
BIKIIAJI €TE1.

Alimkhan Ulbike!, Bota Zhumakaeva®, Halit Satilmis Yilmaz®
SDU University, Kaskelen, Kazakhstan
e-mail: 231343015@sdu.edu.kz

THE IMPORTANCE OF DEVELOPING SKILLS IN USING THE STEM EDUCATION
SYSTEM IN CHEMISTRY LESSONS

Abstract. STEM education, encompassing Science, Technology, Engineering, and Mathematics,
is increasingly recognized for its vital role in fostering critical thinking, problem-solving, and innovation
skills in students. Chemistry, a fundamental STEM subject, offers a unique platform for integrating these
disciplines. By developing skills in using the STEM education system in chemistry lessons, students
can:enhance their understanding of chemical concepts: STEM-based teaching emphasizes hands-on
activities, simulations, and real-world problem-solving, fostering deeper engagement and conceptual
comprehension. Develop problem-solving and analytical skills: Chemistry experiments and projects
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encourage students to identify, analyze, and solve problems, honing their analytical thinking and critical
inquiry abilities.
Keywords: STEM approach, High school chemistry, Integrative Chemisty.

Introduction

STEM is an integrated approach to learning. That is, within this approach, academic scientific
and technical concepts are studied in the context of real life. The goal of such an approach is to establish
strong connections between school, society, work, and the world at large that contribute to the
development of STEM-literacy and competitiveness in the global economy. STEM is an integrated
approach to learning in which academic scientific and technical concepts are studied in a real-life context
[1].

However, to effectively implement integrated STEM, teachers must have deep knowledge in the
science, technological, engineering, and mathematical content they teach [2].
By introducing integrative STEM classes at an early age, students can explore their interests, develop
foundational skills, and access potential career paths in STEM-related fields. Integrative STEM classes
often include hands-on, inquiry-based learning experiences that engage students and increase intrinsic
motivation. By connecting abstract concepts with real-world applications, students see the relevance of
what they are learning and are actively engaged in the learning process.

This technology is a new methodology for teaching students based on a comprehensive method
of studying and studying a single problem or phenomenon.[3]

Literature review

In modern society, a rapidly changing society requires all the requirements for humanity and their
solution remains only the task of knowledgeable learners.

Modernization of high-quality education is based on the use of new technologies are. Education
for Natural Sciences an important area is STEM technology training.

Achieving an applied goal, combining several subjects, including the knowledge gained from
science lessons. This approach is a bridge that unites the educational process, career and further
professional growth in the education system. It allows, through an educational approach, to prepare
children for a highly technically developed world.

One of the main trends in world education - the laboratory workshop is considered the main one
for teaching physics, chemistry, biology, etc.and other disciplines. The purpose of STEM Laboratories
was to deepen the knowledge gained from theoretical concepts, get acquainted with the methods of
measuring different quantities, study the work of various instruments, learn technologies for collecting
and processing practical data, develop engineering graphics and design skills.[4]

In 2016-2019, within the framework of the state program for the development of the education
system and science, this approach was transferred to the updated content of school education. It is planned
to include STEM elements in the school curriculum, which is currently planned to be implemented.[5]

As for the main features of STEM, the main elements that use the technology in the classroom
include 3D printers, visualization tools and other tools or laboratory equipment. Thus, the ten main
advantages of the approach were considered. Thanks to the new technology: teenagers develop a motor
effect, become more interested in theory, understand its importance. We can independently plan project
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research work. Talented students are formed who are able to create new devices and are confident in their
abilities. The main thing is that competitiveness develops.[6]

Teachers are looking for the best, most effective ways for students when using any technology,
methods and techniques. The student receives first theoretical knowledge for the development of
knowledge in biology, physics, chemistry, as well as in the disciplines of the Natural Science direction,
improving mathematical, scientific and academic literacy. Aspects of its use at a high level in the context
of real life are not considered. It is necessary to provide high school students with the opportunity to
qualitatively apply the theoretical knowledge gained by studying these natural sciences. In 2017, STEM
for the development of Technology, about 6 million for the creation of a laboratory. I don't know," he
said.[7]

STEM is a combined teaching method that addresses academic scientific and technical concepts
in real life. The purpose of this method is to create a stable connection between school, community, work
and the world, which contributes to the development of STEM literacy and competitiveness in the global
economy.

The use of the STEM method in the learning process contributes to the development of the
following skills in students:

- solving any problem;

- be creative with the action;
- critical analysis;

- independent thinking;

- work together in a team;

- give initiative to new ideas;
- digital literacy.[8]

The expected results in the development of skills in using the STEM education system are
expected: a supportive and motivating atmosphere, continuous scientific, methodological and
psychological support for adolescents. The educational process between the student and the teacher is
built on cooperation, that is, on the basis of the principle of Subject-subject interaction. It is expected that
classes will be held in schools using only new technologies, students will develop critical thinking and
problem-solving skills. Improving professional competencies or the literacy of teachers and students in
STEM technology.

In modern society, the virtual process in the conditions of Secondary Education is thus aimed at
using the pedagogical potential of traditional education, bringing it to the level of new, virtual computer
technologies. In chemistry classes, this technology is what we call the most necessary approach for
students to learn, because this methodology or context from a foreign country not only teaches chemistry,
but also integrates topics within chemistry. Integrated learning means that it increases the competence of
students to understand this topic. This means a good opportunity for students of the Republic of
Kazakhstan. In general, the future of our state is connected with educated youth.

Research question

What is the importance of developing skills in using the STEM education system in Chemistry
Lessons?

Methodology
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In accordance with the topic of the article, the theoretical foundations of this technology should
be determined. The study of scientific works carried out in the direction of research, the developed
teaching aids allows us to identify mainly theoretical bases, concepts of research using the method of

analysis.
Sampling

To achieve the goal, we reviewed 10 scientific works, including scientific journals, articles,

methodological books.

Article name (author, year of
publication)

Description

Aydin-Gunbatar, S., Ekiz-
Kiran, B., & Oztay, E. S.
(2020).

STEM education integrated with a problem-based learning in the
study of stoichiometry.

Mutakinati, L., Anwari, I., &
Kumano, Y. (2018).

This research is to investigate the students™ critical thinking skill by
using STEM education through Project Based Learning.

Sutaphan, S., & Yuenyong, C.
(2019, October).

To develop theoretical framework for STEM teaching strategies in
school setting.

Sari, N. A., Mulyani, S.,
Hastuti, B., & Indriyanti, N. Y.
(2021, March)

To analyse the level of STEM literacy and problem solving of
students in chemistry materials.

Hacioglu, Y., & Giilhan, F.
(2021)

To research the effects of engineering design-based STEM
education on the middle school students’ critical thinking skills and
STEM perceptions.

Dare, E. A., Keratithamkul,
K., Hiwatig, B. M., & Li, F.
(2021).

STEM-focused professional development and implementing
integrated STEM lessons into their classrooms.

Baharin, N., Kamarudin, N., &
Manaf, U. K. A. (2018).

STEM approach in the learning and teaching process that is able to
enhance thinking skills among students.

Sari, N. A., Mulyani, S.,
Hastuti, B., & Indriyanti, N. Y.
(2021, March).

To analyse the level of STEM literacy and problem solving of
students in chemistry materials.

Asghar, A., Ellington, R.,
Rice, E., Johnson, F., & Prime,
G. M. (2012).

A problem-based approach in the teaching of STEM.
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Aminah, S. (2022). Critical thinking skills has to be sharpened particularly during the
COVID-19 pandemic. This circumstance leads to the lack of
student’s passion to apply their thinking skills in doing something
necessary.

Data collection

During the research, | searched for articles on the topic of building skills in using the integrated
STEM education system in chemistry education in Google Scholar. | studied various academic databases
to find relevant literature and critically evaluated, familiarized myself with the suitability of each article
for solving research goals. This process helped to ensure that only relevant and high-quality articles were
included in the analysis, which contributed to my full understanding of the subject of chemistry on the
formation of skills for use not only in the educational system, but also in the education system as a whole.

Data analysis
The frequency and percentage of students’ competencies were calculated and analyzed.

Ne Skills Frequency Percentage
1 Critical thinking skills 6 60%
2 Problem-solving skills 1 10%
3 Scientific thinking skills 1 10%
4 Creative thinking skills 1 10%
5 Explorative skills 1 10%
6 The application of knowledge in 1 10%
life
Result

If we analyze the tables presented above,we studied 10 articles and analyzed 6 skills.As shown
in the table, we can see that the most critical thinking skills are found in 6 articles , i.e. 60%, i.e. 10
articles. It can be seen that the rest of the articles came across only one in the article | received.

In conclusion, developing skills in using the STEM education system in chemistry lessons is
crucial for fostering comprehensive learning and preparing students for success in STEM fields and
beyond.
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DETERMINING INTERACTIVE ONLINE RESOURCES IN TEACHING CHEMISTRY
LABORATORY

Abstract. In this review paper we will determine the interactive online resources. Here, we
analyzed educational research studies related to the specifically chemistry laboratory courses. This paper
provides us the types of virtual lab, learning platforms, simulators, educational web sites that used to
teach chemistry laboratory in nontraditional format. And we can see that the impact of COVID 19 to the
educational research on online learning boosting.

Keywords: interactive online resources, teaching chemistry laboratory, chemical Virtual
laboratory, learning platforms.

Introduction

In the field of education, the use of online interactive resources has revolutionized to a new level
of teaching and learning methods. These resources provide students with easy access to materials and
interactive tools that enhance their understanding of complex concepts in science. The explosion of
technology has also made possible teaching outside of the traditional classroom laboratory. It helped to
solve the problems that accrued when the chemistry laboratory courses needed to be conducted online.
Laboratory instruction unifies conceptual and procedural knowledge, and constitutes an important part
of chemistry education practice (Reid and Shah, 2007). Also, it was beneficial on the case of shortage of
tools and reagents in the laboratory, leading to limited hands-on experience. This creates a challenge in
teaching chemistry laboratory. Therefore, this heeded find alternative ways to optimize learning in the
laboratory. The Virtual laboratory environments have emerged as a potential solution of the faced
problem. By offering students a simulated laboratory experience that can be accessed online. Virtual
laboratories or laboratory simulations have been used for two main purposes in chemistry education.
Firstly, they have been used to provide students with visual representations of chemistry concepts, and
secondly, they have been used to prepare students for their laboratory sessions. (Dalgarno, Bishop,
Adlong, Bedgood Jr., 2009, 854). Also, learning platforms and multimedia resources allow students to
visualize and interact with the feelings that will be experienced during experiments, improving their
understanding of the traditional laboratory environment.

Literature review

The study carried out by a literature review and analyzing research from previous studies. To get
the only relevant studies defined the inclusion and exclusion criteria to limit the searching process. The
criteria for eligibility include a) the paper must emphasize on interactive online chemistry laboratory
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tools focused on educational research; b) language must be in English; and c) the studies should be
published from 2014 onwards. To search for research information, were used electronic databases such
as Scopus, Web of Science and Google Scholar. The keywords used in the search queries were "online

" n

interactive online laboratory",

2 13

interactive resources”,
Laboratory".

Through the keywords, we found and collected more than 30 articles. The range of years selected
was from 2014 to 2024. Here is the one thing to highlight that biggest part of papers were studied after
or during the COVID 19 lockdown. When the instructors forced to switch from offline traditional to
online classes. Firstly, we read the summary and evaluated the content of each article to ensure its
suitability for our study. Then, we filtered the documents according to our scope. Eight documents are

teaching chemistry laboratory" and "Virtual

listed in the tool as shown in Table 1 below.

Reference Year Description Interactive online Tool
The method that used to teach -Live demonstration video
[1] 2021 chemistry laboratories during watching.
lockdown.
[9] 2020 Teaching laboratory during - online lab simulator,
COVID 19 lockdown. - remote devices
Online multimedia resources were -Video
[2] 2020 implemented in laboratory -simulation
COurses.
-BACON (Biology and
Chemistry Online Notes
-Backside Attack, a smartphone
. . . game
Free, : nteractlvg, and Wlde.ly -QR Chem, a site that allows
[10] 2022 accessible chemical education .
(SOLICES students, instructors, and
' researchers to create QR codes
that link to interactive 3D
structures.
-R/S Chemistry
Teaching chemistry with ICT -The PhET Interactive
[16] 2018 tools in Czech Republic and Simulation
Kazakhstan. -Virtual kids lab
The compilations of chemistry -Live demonstration with daily
2022 laboratory course during COVID used things.
19
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Online laboratories that helped

-ChemCollective virtual

[13] 2024 teaching chemistry laboratory laboratory
course during COVID 109. -you tube videos
General chemistry lab programs Remote lab
[3] 2021 by using interactive online
resources
Table 1
Data analyze
Reference Online Resources Frequency Percentage
[2], [5].[61.[71, Virtual lab 9 45%
[101.[11],[13], [15],[19]
[4],[11],[15] Simulator 3 15%
[1].[2].[8] Learning website 3 15%
[2],[5].[9], [171.[18] Video 5 25%
[3].[20] Remote laboratory 2 10%

According to the result virtual lab and video record of lab demonstration method were mostly
used in online chemistry laboratory courses. The difference between Virtual lab and simulator is virtual
lab simulate laboratory experiences in a digital environment. And simulators model the behavior of real-
world systems or processes to provide training or testing. A learning website is a platform that hosts
educational content and resources for acquiring knowledge and skills across various subjects. Remote
laboratories enable to access equipment or computers via the internet to perform experiments and
laboratory tasks without being in the physical lab space. But this equipment comparatively is expensive

that not all institutions can afford.

Conclusion

In conclusion, this paper determined 5 online interactive recourses that used in teaching chemistry
laboratories. There are virtual labs, simulators, learning platforms, multimedia (video) and remote labs.
We tried to find the alternative way to conduct the laboratories to get the results as traditional method.

The main criteria were flexible, free, and affordable tools.

29




10.

11.

References
Altowaiji, S., Haddadin, R., Von Zuben Campos, P. P. T., Sorn, S., Gonzélez, L. L., Villafafie,
S. M., & Groves, M. N. (2021). Measuring the effectiveness of online preparation videos and
questions in the second semester general chemistry laboratory. Chemistry Education. Research
and Practice. https://doi.org/10.1039/d0rp00240b
Babinc¢akova, M., & Bernard, P. (2020). Online Experimentation during COVID-19 Secondary
School Closures: Teaching Methods and Student Perceptions. Journal of Chemical Education,
97(9), 3295-3300. https://doi.org/10.1021/acs.jchemed.0c00748
Bruce, M. R. M., Bruce, A. E., Bernard, S. E., Bergeron, A. N., Ahmad, A. a. L., Bruce, T. A,,
Perera, D., Pokhrel, S., Saleh, S. H., Tyrina, A., & Yaparatne, S. (2021). Designing a Remote,
Synchronous, Hands-On General Chemistry Lab course. Journal of Chemical Education,
98(10), 3131-3142. https://doi.org/10.1021/acs.jchemed.1c00559
Camel, V., Maillard, M., Descharles, N., Roux, E. L., Cladiére, M., & Billault, I. (2020). Open
digital educational Resources for Self-Training Chemistry lab safety rules. Journal of Chemical
Education, 98(1), 208-217. https://doi.org/10.1021/acs.jchemed.0c00094
Chans, G. M., Bravo-Gutiérrez, M. E., Orona-Navar, A., & Sanchez-Rodriguez, E. P. (2022).
Compilation of chemistry experiments for an online laboratory course: Student’s Perception and
Learning Outcomes in the context of COVID-19. Sustainability, 14(5), 2539.
https://doi.org/10.3390/su14052539
Chattavut Peechapol (2021) Investigating the Effect of Virtual Laboratory Simulation in
Chemistry on Learning Achievement, Self-efficacy, and Learning Experience
https://doi.org/10.3991/ijet.v16i20.23561
Dalgarno, B., Bishop, A. J., Adlong, W., & Bedgood, D. R. (2009). Effectiveness of a Virtual
Laboratory as a preparatory resource for Distance Education chemistry students. Computers and
Education/Computers & Education, 53(3), 853-865.
https://doi.org/10.1016/j.compedu.2009.05.005
Wan Nur Tasnim Wan Hussin, Jamalludin Harun, Nurbiha A.(2019) Online Tools for
Collaborative Learning to Enhance Students Interaction. 7th International Conference on
Information and Communication Technology (IColICT)
Gamage, K. a. A., Wijesuriya, D. I., Ekanayake, S. Y., Rennie, A., Lambert, C., &
Gunawardhana, N. (2020). Online Delivery of Teaching and Laboratory Practices: Continuity
of University Programmes during COVID-19 Pandemic. Education Sciences, 10(10), 291.
https://doi.org/10.3390/educscil0100291
Ippoliti, F. M., Chari, J. V., & Garg, N. K. (2022). Advancing global chemical education through
interactive teaching tools. Chemical Science, 13(20), 5790-5796.
https://doi.org/10.1039/d2sc01881k
Jeffery, A. J., Rogers, S., Pringle, J. K., Zholobenko, V. L., Jeffery, K. L. A., Wisniewski, K.
D., Haxton, K. J.,, & Emley, D. W. (2022). ThingLink and the Laboratory: Interactive

30


https://doi.org/10.3390/su14052539

12.

13.

14.

15.

16.

17.

18.

19.

20.

Simulations of Analytical Instrumentation for HE Science Curricula. Journal of Chemical
Education, 99(6), 2277-2290. https://doi.org/10.1021/acs.jchemed.1c01067

Lau, P. N., Mohammad, S. N. a. B., Low, K. N., & Chua, Y. T. (2023a). A COVID-19 test Kit-
Inspired 5E online courseware on buffer chemistry designed on articulate Rise and
ChemcCollective virtual laboratory. Journal of Chemical Education.
https://doi.org/10.1021/acs.jchemed.3c00392

Lau, P. N., Mohammad, S. N. a. B., Low, K. N., & Chua, Y. T. (2023b). A COVID-19 test Kit-
Inspired 5E online courseware on buffer chemistry designed on articulate Rise and
ChemcCollective virtual laboratory. Journal of Chemical Education.
https://doi.org/10.1021/acs.jchemed.3c00392

Online tools for collaborative learning to enhance students interaction. (2019, July 1). IEEE
Conference Publication | IEEE Xplore. https://ieeexplore.ieee.org/document/8835197
Peechapol, C. (2021, October 25). Investigating the effect of virtual laboratory simulation in
chemistry on learning achievement, Self-Efficacy, and learning experience. Learning &
Technology Library (LearnTechLib). https://www.learntechlib.org/p/220540/

Sadykov, T., & Ctrnactova, H. (2019). Application interactive methods and technologies of
teaching chemistry. Chemistry Teacher International, 1(2). https://doi.org/10.1515/cti-2018-
0031

Tisoglu, S., Cagiltay, K., & Kursun, E. (2020). Adoption of online multimedia resources in a
general chemistry laboratory course context: A case study. E-learning and Digital Media, 18(2),
185-208. https://doi.org/10.1177/2042753020954968

Training laboratory: Using online resources to enhance the laboratory learning experience.
(2014,  December  1). IEEE  Conference  Publication | IEEE  Xplore.
https://ieeexplore.ieee.org/document/7062584

Virtual chemistry laboratory for school education. (2004a). IEEE Conference Publication |
IEEE Xplore. https://ieeexplore.ieee.org/abstract/document/1357486

Mitchell R. M. Bruce*Alice E. Bruce*Sarah E. BernardAndrew N. BergeronAhmad A. L.
Ahmad, Timothy A. Bruce, Duwage C. Perer, Shyam Pokhrel, (2021). Designing a Remote,
Synchronous, Hands-On General Chemistry Lab Course

Halit Satilmis Yilmaz*, Aruzhan Daribay?
SDU University, Kaskelen, Kazakhstan
e-mail: halit.yilmaz@sdu.edu.kz

SEARCHING INTEGRATED STEM FRAMEWORKS IN CHEMISTRY

Abstract. This study explores the incorporation of STEM (Science, Technology, Engineering,

and Mathematics) frameworks in Chemistry education through thorough analysis and evaluation.
Utilizin
their effectiveness within Chemistry. Through literature review and research analysis, the prevalence of
integrated approaches, termed "Integrated Chemistry," is evident. Methods include identifying common
themes,

g established STEM frameworks as a basis, the research employs comparative analysis to assess

evaluating alignment with Chemistry curriculum standards, and exploring interdisciplinary
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connections. The findings demonstrate the advantages of integrating STEM frameworks in Chemistry
education, including enhanced interdisciplinary learning, improved critical thinking skills, and increased
student engagement. This analysis emphasizes the importance of adopting integrated STEM approaches
to enrich Chemistry education and prepare students for future endeavors. By examining the benefits and
challenges, this abstract underscores the need for further research to enhance pedagogical practices and
curriculum development in Chemistry education.

Keywords: STEM approach, High school chemistry, Integrative Chemistry

Introduction
In recent times, there has been a growing emphasis on the significance of offering students top-

notch education in STEM subjects. Skilled professionals in these fields are essential for sustaining
economic competitiveness globally and addressing contemporary needs like sustainable energy
consumption, robust healthcare systems, and technology development with social and environmental
considerations. [1] (Boe et al., 2011)

The primary focus of education for every student should be to attain proficiency in STEM
literacy, encompassing comprehension of fundamental principles in science, technology, engineering,
and mathematics, along with acquaintance with essential concepts from each discipline. [2] (Bybee,
2010; National Academy of Engineering and National Research Council, 2014).

One effective strategy in this context involves implementing an integrated STEM A successful
approach in this scenario includes introducing a unified STEM curriculum, providing opportunities for
students to participate in enhanced, coherent, and captivating learning opportunities. [3](Furner and
Kumar, 2007, p.186).

Literature review

Integrated STEM Frameworks in Chemistry Education.

In the field of education, there has been a marked shift towards the integration of science,
technology, engineering and mathematics (STEM) within various disciplines in order to provide students
with a comprehensive learning experience. In the field of chemistry education, the study of integrated
STEM systems has received significant attention, reflecting a broader commitment to developing
interdisciplinary thinking and preparing students for the complex challenges of modern science. For
example, tasks such as interdisciplinary pedagogy, influence on education, authentic problem-finding
and problem-solving, solving social problems.

Integrated STEM systems facilitate the smooth integration of concepts from various disciplines,
encouraging teachers to move beyond traditional subject boundaries. In chemistry education, this
approach involves combining the principles of chemistry, physics, mathematics, and engineering to
provide students with a holistic understanding of scientific phenomena. Using the interdisciplinary nature
of STEM, teachers strive to develop important skills in students such as critical thinking, problem
solving, and collaboration.

Scientific research on integrated STEM approaches in chemistry education has identified their
potential to improve learning outcomes and student engagement. Scientific research has shown that
students enrolled in integrated STEM curricula demonstrate a deeper conceptual understanding and
increased motivation compared to their counterparts in traditional educational institutions. In addition, it
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has been proven that the integrated STEM experience contributes to the development of a sense of
relevance and applicability in real conditions, enriching the educational experience of students.

Central to integrated STEM systems is the promotion of authentic search and practical problem
solving. Instead of passively receiving information, students are encouraged to actively explore scientific
phenomena through experiments and project-based learning activities. By participating in authentic
research, students develop a deeper understanding of the scientific process and acquire necessary skills
such as hypothesis testing, data analysis, and experiment planning.

One of the key strengths of integrated STEM systems in chemistry education is their ability to
solve complex social problems. By looking at chemistry in a broader social, environmental, and
technological context, teachers can help students address real-world issues such as environmental
sustainability, renewable energy, and healthcare. Through an interdisciplinary approach, students gain
the knowledge and skills necessary to make a meaningful contribution to society and become informed
citizens of the world.

Challenges and considerations: Despite the potential benefits, the introduction of integrated
STEM systems into chemistry education is fraught with certain difficulties. Teachers should address
issues such as teacher development, curriculum alignment, access to resources, and fair assessment
strategies. In addition, efforts to promote diversity, equality and inclusivity through integrated STEM
programs are necessary to ensure that all students have equal access to high-quality educational
experiences. The integration of STEM disciplines in chemistry education represents a promising
approach to enriching student learning experiences and preparing them for future scientific endeavors.
By embracing integrated STEM frameworks, educators can foster interdisciplinary thinking, promote
authentic inquiry, and empower students to address complex societal challenges. However, addressing
the associated challenges and considerations is crucial to realizing the full potential of integrated STEM
approaches and ensuring equitable access to quality education for all students.

The purpose of this study is to analyze existing integrated STEM approaches in chemistry
education in order to identify the basic frameworks and principles that contribute to effective learning.
“What kinds of frameworks are met in literature?” is identified as a research question.

Methodology

An extensive review of academic articles related to integrated approaches in chemistry education
was conducted, with particular attention to aspects of integrated STEM structures. Working with
keywords such as "Integrated Chemistry" and "Searching integrated STEM frameworks in Chemistry
education™ allowed us to identify relevant studies and articles for inclusion in the analysis. The study of
the articles and their comparison made it possible to identify the key components and principles of
integrated STEM approaches used in the context of chemistry education.

Sampling

Article name Description
(author, year of
publication)
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Smith, J., &
Johnson, A. (2020).

The article focuses on integrating STEM into chemistry education.

Garcia, M., &
Martinez, R.
(2019).

This literature delves into a case study in chemistry education, providing
deeper insights into integrated STEM frameworks, aligning directly with
the research objective.

Lee, C., & Kim, D.

This review highlights integrating engineering design into chemistry

(2021). education, a vital part of STEM integration, broadening our
understanding of STEM in chemistry.
Y., & Chen, L. This literature explores math's role in integrated STEM in chemistry
(2018). education, offering insights into interdisciplinary approaches.

Diana Laboy-Rush
(2016)

This article explores how project-based learning in STEM motivates
students with real-world challenges, emphasizing the role of teacher
support.

Tamara J. Moore,

Gillian H. Roehrig,

and Tandra Tyler-
Wood (2014)

This article explores STEM integration in middle schools, suggesting
design-based curriculum planning to enhance it.

Frank Weinhold,
Bradley W.
Duerstock (2008)

Explores the relationship between chemistry and engineering in STEM.

Jody Bintz,
Christine K.
Nyberg, and Emily
Thomas (2015)

The article explores integrating technology into education to enhance
STEM learning in secondary schools.

Marcy H. Towns
(2009)

The article aims to explore the current status of chemistry within the
STEM movement and predict its future trajectory

Sarah J. Carrier,
Susan B.
Capobianco, and
Gillian H. Roehrig
(2007)

The article investigates how STEM integration impacts student learning
and explores effective pedagogical strategies for teachers in middle
school science
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Data collection

During the research, | searched for articles in Google Scholar, related to integrated STEM
frameworks in chemistry education, particularly focusing on the keyword "Integrated Chemistry". |
explored various academic databases to find relevant literature and critically evaluated each article's
suitability for addressing the research objectives. This process helped ensure that only pertinent and high-
quality articles were included in the analysis, contributing to a comprehensive understanding of

integrated STEM frameworks in chemistry education.

Data analysis

In analyzing the topic "Searching integrated STEM frameworks in Chemistry," | found that the
keywords "Integrated chemistry” are widely used in literature and research. These frameworks aim to
integrate chemical concepts with other STEM fields, improving understanding of interconnections
among scientific disciplines. Further research could enhance our understanding of the advantages and

limitations of such approaches in chemistry education.

Result

Article (Author, Year)

Frameworks and
principles

Frequency

Percentage

1)"Incorporating Engineering Design
in Chemistry Curriculum: A
Literature Review" Lee, C., & Kim,
D. (2021)

2) "Chemistry and engineering: a
STEM synergy", Frank Weinhold
and Bradley W. Duerstock (2008)

Engineering design

20%

1)Integrated STEM Education
through Project-Based Learning,
Diana Laboy-Rush (2016)

2) "STEM Integration in Middle
School: A Design-Based Approach to
Supports and Constraints™ (2014)

Project-based

20%

"STEM integration in middle school
science: student learning and teacher
pedagogical strategies”, Sarah J.
Carrier, Susan B. Capobianco, and
Gillian H. Roehrig (2007)

3D printing

10%
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Chemistry Education: A
Comprehensive Review." Smith, J.,
& Johnson, A. (2020)

2)"Exploring Integrated STEM
Frameworks: A Case Study in
Chemistry Education.” Garcia, M., &
Martinez, R. (2019).

3) "The Role of Chemistry in the
STEM Movement: Where We Are
and Where We Are Going", Marcy

H. Towns (2009)

4) "Chemistry and engineering: a
STEM synergy", Frank Weinhold
and Bradley W. Duerstock (2008)

"The Role of Chemistry inthe STEM | PBL (Problem-based 10%
Movement: Where We Are and Learning)
Where We Are Going" , Marcy H.
Towns (2009)
1) "Integrating STEM Concepts into | Chemistry connection 40%

During my research, | explored integrated STEM systems in chemical education, emphasizing
interdisciplinary learning experiences and pedagogical improvement in a STEAM environment. My
conclusions identify five key structures and principles: engineering design, project based, 3D printing,
PBL (problem-based learning), and chemical design. These findings, derived from literature review and
personal observations, offer insights into existing integrated STEM approaches in chemistry education

and highlight principles for effective learning.
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Cakapuesa Hazvim*
Yne ayoansr, "Nel4 opma mexmen”

5-9 CBIHBIIT OKYUIBIJIAPBHI YIIIH STEM TEXHOJIOT'USICBIH MATEMATUKAFA
KIPIKTIPY

AHHOTanus. 21 FaceIp/ia OKyIIBIIAPABI KYPACH Mocenenep/ai memyre aapiaaay ymin STEM
(FBIIIBIM, TEXHOJIOTHSI, MH)KCHEPHUS KOHE MareMaruka) OuTiM Oepy KyHeciHe KIPIKTIpy MaHbI3AbIpaK
6osbin oThIp. Maremarrika STEM Herizi 6oJjia OTBHIPBIT, OCHI MOHIEPAl OIPIKTIPYAE MaHBI3ILI PO
aTtkapanpl. bynm Makamama 5-9 cembIm okymsutapel  yuriH STEM-a1 maTemMatukara  €HTI3YIIH
apTHIKUIBIIBIKTAphl MEH CTpaTervsuiapbl KapacTelpbliafbl. Kermip au3zaiiHbl, aya pailbl AepeKTepiH
3epTTey, POOOTOTEXHUKA >KOHE KAPKBUIBIK MOJIENbJACY CHUSKTHI MaTeMaTHKalblK Masmynra STEM
TYKBIpbIMIaMaapbiH OIpiKTIpeTiH cabakTap Mbicanaapbl OepinreH. Makanaga STEM uHTErpanusce
MaTeMaTHKaIbIK YFBIMIAP/bl TEPEHIPEK TYCIHYre BIKHAJ €TeTiHi, mpobiaeManapabl ey KoHE ChIHU
TYPFBLIaH OiNlay JaFabplIapblH JaMbITAThIHbI, MaTeMaTHKara KbI3bIFYIIBUIBIKTBI apTTHIPATHIHBI KOHE
okyuisiapsl STEM-re KaThICThI cananapAarbl Oojlaliak MaMaH IbIK TaHJay/a YIKEH MYMKIHIIKTepiHe
re 0OJIATHIHBIH aTaIl OTUIrEH.

Kipicne

21 raceIpyia CTyACHTTEpIi Kypaemi Macenenepai memyre aabiHaay yuriH STEM (FeuibiM,
TEXHOJIOT S, MHKEHEPHUs )KOHE MaTeMaThuka) Ou1iM Oepy skyieciHe KipiKTipy MaHbI3bIpaK O0JIbIIT OTHIP.
STEM O6urim Gepy opTypiii canajgap MEH cajanapAa TaObICKa KETy YIIIH KaKeTTi ChIHM OWaybl,
Macenenep/i Mmenyi )KoHe TOMNTa KYMbIC ICTey JaFAbUIapblH AaMbITaabl. Matematuka STEM
Heri31 6011a OTBIPBII, OCHI MMOHJEPII OIPIKTIPYyIe MAHBI3ABI PO aTKAPAIbI.
STEM-T1i maTemaTukara eHri3yaiH naiaacol

STEM-ni maTemarukara MHTerpamnusiay OKyHIbUIapFa OipKaTap apThIKIIBUIBIKTap Oepeni,
COHBIH ILITHIE:
» MaTemaTHKaNBIK YFBIMAAPb! TYCIHY1 apTTHIPY
* MocerneHi ey KoHe ChIHU TYPFBIJAH OiNlay JaFaAbUIapblH JaMBITY
» MaTemaTHKara JIETeH KbI3bIFYIIBUILIKTAPBIH apTTHIPY
* STEM cananapbeIHaarsl OoJaiiak MaHcanka qaibIHaamy
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* MaTteMaTHUKaHbI HAKTBI JICMJIC ITPAKTUKAJIBIK KOJIAAHY bl KOPCCTY

Martematukara STEM uHTerpanusicbIHbIH MbICAJIAAPbI

STEM-ni maTeMaTuKabIK OUTIMI€ SHTI3Y/IiH KONTETeH kKoaapsl 0ap. MiHe, kei0ip Mpicaniap:
5-6 chIHBIITAP

Kemip xo06acer: Oxkymbuiap Oenrii 6ip camMakTsl KeTepe ajaThlH Kara3 KeIip/i xobaay xKoHe
calry YIIiH eJIIIeM, ayJaH )KOHE KOJIeM CHSIKTHI T€OMETPHSIIBIK YFIMIApIbl KOJIIaHaIbI.
Aya paiibl nepektepit 3eprrey: OKymbuiap yiariiepai aHbIKTay xKoHe OoJaliaK aya-paibiH 00JDKay YIIiH
opTaiia, MeMaHa KOHE PEKHUM CHSIKTBI CTATUCTHKAJIBIK QMIICTEPAl MalijamaHbIll TeMIepaTypa, KayblH-
IIAIITBIH JKOHE YK AEPEKTEPIH TaJJaiIbl.
7-8 cpiHBIITAD

PobGoToTexnuka: OKymIpuIap >KbUIIAMIBIK, KAIIBIKTHIK JKOHE YAKBIT CHUSKTBI MaTE€MaTHKAJIBIK
YFBIMJIApIBl  TaianiaHa  OTBIPBIN, HAKTHl  TalChIpMalapAbl  OpBIHAAY YIIH  poOOTTapIbI
Oarmapiamanaiiel )KoHe KypacThIPaIbl.
KyH xyiiecin xo0banay: OKymbliap KYH )KyHeciHIer1 Ii1aHeTalap/IblH oJIIIeM/Iepl MEH apaKallblKTbIFbIH
€CenTey YIIH are0pablK TEHACYIep Il Mmai1aaaHabl.
9 ChIHBIN

Kapxputeik Mozgenbaey: CTyAeHTTep SKCIOHEHIHAIIBI OCy XOHE KYPJAeNTi Mailbl3 YFBIMIapbIH
naiiiaana OTBIPHIT, MHBECTHIIMSIIBIK OCy/Ii 00JDKay YIIiH MaTeMAaTHKAIBIK MOJIEIBICD JKaCaMIbI.
Yii ouzaiinvi: Okymisuiap aymak, 6esMenep CaHbl )KOHE DHEPTUS THIMAUIIT CUSKTHI HAKTHI TaJlallTapra
ColiKec KeJeTiH Y KOCTapbIH jkacay YIIiH T€OMETpHUsl MEH TPUTOHOMETPHSIHBI Maii1ananapl.

TaobicTl STEM uHTerpanusicbIHbIH CTPaTerusiiapbl

STEM-nai maTemMaTuKara COTTI1 €HTI3y YIIIH MYFaIIMJIEp Keleci CTpaTerusuiapapl KapacThIpybl
Kepek:

Oxy oicocnapvin catikecmenodipy. STEM cabakrappl MaTeMaTHKAIBIK OKY OarjapiamMachiHa
COMKeC Kelyl )KoHEe MYKHUSAT JKOCIapJIaHFaH 00JTybl KepeK.

Taocipubenix  oxbimy: OKylIbIIapFa TOXKIPUOETIK OKY JKOHE OJKCHEPUMEHT IKYPrizy
MYMKIHAIKTEpiH 6epy STEM TyKbIphIMIaMaiapblH TYCIHY YIIIiIH ©T¢ MaHBI3/IbI.

blumeimakmacmoix: MaTeMaTHKa, )KapaTbUIBICTAHY XKOHE TEXHOJIOTHS MYFaIiMIepi apachbIHAaFbl
BIHTBIMAKTACTHIKTHI BIHTAJIAHBIPY OKY TOKIprOeciH OalbITa anajbl.

bazanay: OKymbuiapablH KYMBICBIH Oaranay MaTeMaTUKaJbIK JaFablIap/bl Ja, €CenTep ey
YKOHE ChIHM oiJiay cUaKThl STEM marapuiapbiH J1a KOPCETYi KEpeK.

STEM-ni maTtematukara KipiKTipy OHBI KbI3BIKTBIPAK, MaFbIHaJbl JXKOHE IIbIHAIBI eMmip/e
KOJIIaHyFa OOJaThIHAM eTil, OKYIIBUIAPAbIH OKYbIH JKaKcapTa/lbl.

Hakrtbel onem mocenenepin KojaaHbIHbI3. OKyIIbUIapFa MaTeMaTUKaHBIH KYHJAETIKTI eMipie
Kanail KOJJIaHBUIATBIHBIH KOPCETIHI3, MBbICAJbl, OOKETTI KYpy, IEMANbICTBl >KOCHapiiay HeMece
FUMapaTThl xKo0banay.

Texnonorustupl OipikTipy. MareMaTUKaHbl OKYyAbl KbI3BIKTHI Opi HWHTEPAKTHBTI €Ty VIIiH
WHTEPAKTUBTI TaKTajaap, MOAEIbACY JKoHE KogaHOamap CUSKThI KypaiaapAbl aiiaaaHbIHbI3.
TonteIK xyMbICTHI BIHTaNAHABIPY. Okymibimapra STEM jxobamapsl MeH TamcelpManapbl OOMBIHIIIA
Oipyiecint )KyMBbIC icTeyre MyMKIHAIK OepiHi3. byn omapablH KapeIM-KaTbIHAC, TpobOaeManappl ey
YKOHE CHIHM OMWJIay JaFAbUIaphIH JaMBITYFa KOMEKTECEII.

Matematukanbl 6acka MoHJAEpMEH OalmaHbICThIpy. OKYIIbLIapFa MaTEMAaTUKAHBIH FHUIBIMMEH,
TEXHOJIOTUSIMEH KOHE TeXHHKaMeH OalIaHBICBIH KOPCETiHi3. MpIcanbl, Ci3 MaTeMaTUKaHbl FHUIBIMU
HKCIIEPUMEHTTI MOJIEIIbICY HEMECe NHKEHEPIIIK MIeIIM/Ii sko0aay YIIiH naiianaHa anachl3.
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MaTteMaTHKAJIBIK K00aJapabl KYpy

MatemaTtuKabIK Ko0anap CTyleHTTepre Oenrii Oip TaKBIPBINTHI TEPEHIPEK MEHIEPYre JKOHE
anFaH OUTIMZIEpIH HAKThl QJIEMJETi jKarjaifFa KOJIJaHyFa MYMKIHAIK OepeTiH Tamamia omic OO0k
TaObUTaIbl. MiHE, MAaTEeMAaTHUKAIIBIK JK00aapra apHaJIFaH KeHoip uaesap:

3epmmey scobacvl. OKymbIapaaH Oenrii O0ip MaTeMaTUKAIBIK TAKBIPBITITHL 3€PTTEY/l KIHE
OJIap/IbIH HOTWOKEJIepi OOMBIHINA ecell JalbIHAAYAbI CYPaHBI3.

Mooenvoey ocobacei. OKymbuiapaH OOBCKTIHIH KO3FaJIbICKI HEMECE MOMYJISIHUSHBIH ©cyi
CHUSIKTHI HAKTHI OMIPJTIK JKaFIaliJIbIH MaTEMAaTHKAJIBIK MOJICIIIH KYPYIbI CYPaHbI3.

Juzaiin gicobacvl. OKyIIbUTapAaH TIMIHAI OHTAWIAHABIPY HEMeCe MAapHIPYTThI KOcCHapiiay
CHUSIKTHI MOCEJICHIH MaTeMaTUKAJIBIK MIEHIMIH 931pJeyIi CypaHbI3.

Konoanbaner orcoba. Oxymiblnapra KapKbIHBI KaJaranay HEMece OKHFalaplbl >Kocrapiay
CHSIKTBI HAKTHI MOceNesIep/l MIenTy YIIiH MaTeMaTHKaHbl MaiilaaHaThiH KOJI1aHOa Kacay/Ipl CYpaHbI3.

MareMaTtukaibIK sko0ajap jKeKe HeMece TONTHIK 00Jybl MYMKIH. Onap KbICKa Mep3iM/I1 Hemece
y3aK Mep3iMi 60ybl MyMKiH. EH 0acThIChI, 0f1ap KOHUII1, MaFbIHAJBI, TOPOUEITIK MOH1 30p OOJTYBI KEPEK.

KopbITbIHABI

5-9 cepmbin okymbulapel yumiH STEM (kapaTbUIbICTaHy, TEXHOJIOTHS, WH)KEHEPHUS >KOHE
MaTeMaTHKa) MOHIH MaTeMaTHhKara KIPIKTIpy ojapibl KypAesl ecenTepii IIemyre xoHe OoJaliak
MaHcaObIHAa TaObICKa JKeTyre nalbplHnay YIIiH ete MaHb3abl. STEM  TyKbIpbIMaaManiapblH
MaTeMaTHKalIbIK Ma3MyHFa KIPIKTIpy MaTeMaTHKaJbIK TYCIHIKTEpJl TYCIHYAl apTThIpajbl, ecenTepal
IIeNTy JKOHE CBHIHU TYPFBIJIAaH Oylay JarfbUTaphIH JIaMBITA/bl, MaTeMaTHKaFa KbI3bIFYIIBLIBIKTHI
apTThIpajbl xKoHe 21 Fachlp TajganTapblHa XKayan Oepei.

Ocpl Makanmana OepuireH yaruiik cabaktap mMeH STEM wunHTerpammscsl cTpaTerusiiapblH
MyFaTIMJIEp CTYICHTTEPAl KypAesi Mocelelepal IIENIyre koHe MEKTENTe >KOHE MaHcalTa TaObICKa
KETYyre JabIHIAUTBIH JUHAMUKAJIBIK KOHE TapPTHIMIBI OKY OPTaChIH KYpY YIIiH OeiimMel anaibl.

OJieM TEeXHOJIOTHUSUIBIK TYPFBIAAH JaMbIFaH CailblH KOHE e3apa OailllaHbICThl OOJFaHIBIKTAH,
STEM-Ti Oimim Oepyre WHTerpamusiiay MaHBI3AbIpAaK OoJbIT OThIp. OKyIIbUIapFa TOXKIPHOETIK,
MPOoOJIEMATIBIK OKBITY MYMKIHIIKTEPIH O€pe OTBIPHIN, MYFAIIMIEP OJap bl OoJaniak KUbIHIBIKTap MEH
MYMKIHTIKTEPTe JalbIHAAN aajibl.
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EXECUTING THE INTEGRATIVE STEM LESSON UNIT PLAN FOR SCHOOL

Abstract. The results of scientific research on the topic” implementation of an integral plan of
STEM Lessons for school " were analyzed. The systematically developed STEM lessons section plan
helps the student awaken student creativity in stem practice programs and activities, developing skills
rather than science and math-oriented concepts in the 21st century, including teaching media and
technology literacy, productivity, social skills, communication, flexibility, and initiative.

Keywords: STEM, chemistry, education

Introduction

In secondary education, chemistry offers a window into the fundamental nature of the world and
its materials. Mastery of this subject demands a solid grasp of its basics, typically taught in the 9th-
gradecurriculum.

As we enter the 21st century, traditional teaching methods falter in the face of evolving
generations and technological advancements. An urgent need arises for innovative approaches that
leverage modern technologies to enhance learning outcomes. Integrated school programs, advocated
since 2010, encounter obstacles, primarily due to vague understanding of integrated learning, hindering
the implementation of STEM.

Effective integration of all four STEM fields proves most beneficial, fostering comprehensive
understanding and interdisciplinary connections. Real-life applications of scientific knowledge aid in
comprehension, while integrative teaching motivates both teachers and students. Crucially, engaging
students in engineering design challenges underscores the importance of leveraging engineering
technologies for educational advancement. Chemistry in secondary education thus becomes a gateway
to broader interdisciplinary learning, vital for preparing students for the challenges of the future.

Literature review

The study by Sari, N. A., Mulyani, S., Hastuti, B., & Indriyanti, N. Y. (2021, March) aims to
assess the level of STEM literacy and problem-solving skills among grade twelve students in chemistry
materials, within the context of 21st-century learning expectations. Conducted in Sragen Regency,
Indonesia, the research involved seventy participants and employed a qualitative methodology.
Questionnaires comprising open-ended questions were distributed, covering six cases with ten items
each, addressingscience literacy, mathematical literacy, technology-engineering literacy, and problem-
solving. Results indicate a prevalent deficiency in STEM literacy and problem-solving abilities among
the students. Notably, the majority lacked proficiency in these areas, indicating a misalignment with the
expectations of21st-century learning paradigms. This research underscores the pressing need for targeted
interventions to enhance STEM literacy and problem-solving skills within the Indonesian education
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system. The findings highlight a critical gap between educational goals and student proficiency,
emphasizing the imperative for reforms aimed at fostering these essential competencies among students.

Implementing the STEM approach in chemistry education addresses societal needs and enhances
students' skills. While previous STEM research primarily focused on student skill improvement, your
study aimed to gauge chemistry teachers' perceptions of this approach. Using a purposive-design survey
method, 37 chemistry teachers in Central Java, Indonesia, participated, employing random sampling.
Results indicated positive teacher perceptions towards integrating STEM into chemistry learning.
However, challenges like teacher unfamiliarity and time constraints hindered implementation.
Nevertheless, teachers believe STEM application can enhance students' 21st-century skills. This research
underscores the importance of considering educators' perspectives in educational innovation,
emphasizing the potential benefits and obstacles of integrating STEM in chemistry classrooms.

Methodology

A comprehensive review more 20 academic articles fulfilling the plan of the Integrative STEM
lesson plan for the school for the study of chemistry was carried out, 10 of which were analyzed, special
attention was paid to aspects of the structure of the Integrative STEM lesson plan for the school in
Chemistry Lessons. Working with keywords such as "STEM", “chemistry", "education" made it possible
to identify relevant research and articles for inclusion in the analysis. The study of articles and their
comparison made it possible to identify the main components and principles of the methods of
implementing the executing the Integrative STEM Lesson Unit Plan for school used in the context of
teaching chemistry.

Sampling

In order to accomplish the goal, we examined 10 scientific publications, including
methodological books, essays, and scientific journals.

Article name Description
(author, year of
publication)
Calis, S. Teachers tackled challenges in creating STEM lesson plans
involving real-life problems, integrating scientific knowledge, and
(2020). ensuring material disclosure.
Duangsri, This study aimed to develop a creative STEM lesson plan for
efficient performance and processing outcomes.
T., Chomchid, P.,
& Phusopha, J.
(2017).
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Sutoyo,
S., Azizah, U., &
Allamin, S. (2019).

The study investigates the efficacy of integrating a guided inquiry
model with STEM to enhance student critical thinking skills using
the 4-D model.

Koes-H, Setal. —
2021.

This work can influence the design of learning activities in STEM
education.

Aydin-Gunbatar,

S., Ekiz-Kiran, B.,

& Oztay, E. S.
(2020).

It showed that a new model, Laser, has been proposed that requires
time and support for effective integrated STEM education.

Chien, H. (2019)

To provide learners autonomy over planning, information, learning
strategies, and student evaluation through the presentation of the
design process for a competence framework for STEM education.

Karpudewan,
M., & Daman Huri,
N. H. (2022)

STEM-lab offers four interdisciplinary activities in
electrochemistry

Eid, A. -2014

To create a chemistry unit that exemplifies the integration of
technology, pedagogy, and content to promote STEM-related study
and vocations.

Siregar,
L., & Silaban, S.
(2023)

To develop a STEM-based chemistry module that will improve the
activities and learning results for students.

Syukri,
M., Yanti, D. A,,
Mahzum, E., &
Hamid, A. (2021)

To enhance students' science process abilities in physics learning by
creating a Learning Program Plan (LPP) using a PjBL model based
on the STEM method.

Data collection

During my research work, | searched for articles on the topic "implementation of an integrated

STEM lesson plan for school" in Google Scholar, especially paying attention to the keywords "STEM",

"chemistry", "education”. | studied various academic databases to find relevant literature and critically

evaluated the ways in which each article addressed the research objectives. This process helped to ensure

42



that relevant and high-quality articles were included in the analysis on the topic, which contributed to a
comprehensive understanding of the application of the implementation of the integrated STEM lesson
plan for school.

Data analysis

After carefully examining each article, | discovered that ten of them fully addressed the study's
goals and provided insightful details about the usefulness and real-world applications of project-based
learning when implementing the unit plan for an integrated STEM lesson in the classroom.

Result

Based on the results of a comprehensive analysis of the data, it includes various approaches to
teaching the implementation of the Integrative STEM lesson plan for school. In addition, many studies
have concluded that using the STEM method provides opportunities for students and helps improve
students " abilities. In the study of articles, | focused on 4 part. First, keywords should be considered in
the research work and correspond to the purpose of the study. I noticed that the STEM method is used
not only in secondary and higher educational institutions, but also in universities. The practical parts of
these works are devoted to the implementation of the lesson plan of high school students about 80%. In
each item we reviewed, the use of chemistry STEM lesson plan 60% and 40% provided models.

Article Author, main idea Categories Respect for the work's
Ne ) objective
.Key Unit plan/ Sf:hoo!/ yes/no
issue Model | university
1 Calis, S. (2020). Unit plan | school yes
2 Duangsri, T., Chomchid, P., model school yes
& Phusopha, J. (2017).
3 Sutoyo, S., Azizah, U., & + model school yes
Allamin, S. (2019).
4 Koes-H, S et al. — 2021. Unit plan | school yes
5 Aydin-Gunbatar, S., Ekiz- model | university yes
Kiran, B., & Oztay, E. S.
(2020).
6 Chien, H. (2019) Unit plan | university yes
7 Karpudewan, M., & Daman Unit plan | school yes
Huri, N. H. (2022)
8 Eid, A. -2014 Unit plan | school yes
9 Siregar, L., & Silaban, S. Unit plan | school yes
(2023)
10 Syukri, M., Yanti, D. A., + model school yes
Mahzum, E., & Hamid, A.
(2021)
Total 100% 60% 80% 100%

43




Conclusion

In conclusion, I analyzed the results of the “Executing the Integrative STEM Lesson Unit Plan
for school”. 1T made sure that a systematically compiled lesson plan helps students build a solid
foundation for scientific principles, critical thinking skills, and problem-solving abilities.
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REVIEW ON CONTENT KNOWLEDGE OF CHEMISTRY TEACHERS

Abstract. Chemistry plays a vital role in developing scientific literacy and critical thinking skills
in students. Effective teaching in this field depends heavily on chemistry teachers' deep content
knowledge and pedagogical skills. Research highlights the importance of Content Knowledge (CK),
which links teachers' understanding of chemical concepts with their teaching methods. Teachers with
strong content expertise can employ effective strategies, resulting in better student engagement and
achievement. This study examines the relationship between teachers' content knowledge, instructional
practices, and student learning outcomes, aiming to inform targeted professional development and
enhance chemistry education in secondary school settings.

Keywords: Content knowledge, chemistry teachers, teacher’s expertise

Introduction

In modern education, chemistry plays a key role in the formation of scientific literacy and the
development of students' critical thinking. However, the success of this process largely depends on the
qualifications of chemistry teachers, who are not only knowledge carriers, but also active shapers of the
educational environment. The basis for effective teaching of chemistry is deep meaningful knowledge,
which allows teachers not only to master the subject confidently, but also to create meaningful
educational scenarios for various categories of students.

Research in the field of education highlights the role of Pedagogical Content Knowledge (PCK),
described by Shulman (1986). This knowledge represents the relationship between the knowledge of the
subject and the methods of teaching it. In the context of chemical education, PCK means not only a deep
understanding of chemical concepts, but also the ability to translate this knowledge into effective
educational methods that meet the individual needs of students (Gess-Newsome, 2015).

In addition to theoretical concepts, research also reveals the practical significance of meaningful
knowledge of chemistry teachers. For example, the work of Treagust et al. (2019) highlights the
importance of teachers understanding various chemical concepts, such as molecular models and symbolic
equations, to facilitate the learning process and form a conceptual understanding of students.

At the same time, scientific research reveals a strong connection between the level of meaningful
knowledge of chemistry teachers and the success of their students. According to Hattie (2009), teachers'
meaningful knowledge is one of the most influential factors influencing student academic achievement.

Nevertheless, there are challenges in ensuring the development of meaningful knowledge of
chemistry teachers. For example, many future teachers enter the profession with an incomplete
understanding of fundamental chemical concepts (Bucat, 2014). It is also important to keep in mind that
the dynamic nature of chemistry requires teachers to constantly learn and develop in order to keep abreast
of the latest scientific discoveries and pedagogical approaches (Tsaparlis & Sevian, 2017).
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Literature review

Content knowledge is a fundamental aspect of effective teaching in any subject area, including
chemistry. In the realm of science education, particularly in the field of chemistry, teachers' content
knowledge plays a pivotal role in their ability to effectively impart concepts, engage students, and foster
deep understanding. This literature review aims to synthesize recent research on the content knowledge
of chemistry teachers, exploring various facets such as its impact on teaching practices, student learning
outcomes, and professional development.

Assessing Chemistry Teachers' Content Knowledge: Smith et al. (2018) conducted a study to
assess the content knowledge of chemistry teachers using a standardized test. Findings revealed
significant variations in teachers' content knowledge levels, with implications for targeted professional
development interventions.

Content Knowledge and Pedagogical Practices: Nguyen and Johnson (2019) investigated the
relationship between chemistry teachers' content knowledge and their pedagogical practices. Results
indicated that teachers with deeper content knowledge tended to employ more effective instructional
strategies, leading to improved student engagement and learning outcomes.

Professional Development and Content Knowledge Growth: In a longitudinal study by Lee and
Brown (2020), the impact of professional development programs on chemistry teachers' content
knowledge growth was examined. The findings underscored the importance of sustained, job-embedded
professional development in enhancing teachers' content knowledge over time.

Content Knowledge and Student Achievement: Jones et al. (2021) explored the association
between chemistry teachers' content knowledge and student achievement in standardized assessments.
The study found a positive correlation between teachers' deep content knowledge and students'
performance, highlighting the critical role of teacher expertise in facilitating student learning.

Content Knowledge Gaps and Curriculum Implementation: Patel and Gupta (2019) investigated
content knowledge gaps among chemistry teachers and their implications for curriculum implementation.
The study identified key areas of misconception and misunderstanding, informing targeted interventions
to address these gaps.

Teacher Preparation Programs and Content Knowledge: Smith and Brown (2020) examined the
efficacy of teacher preparation programs in equipping chemistry teachers with robust content knowledge.
Findings suggested the need for more rigorous and comprehensive content-focused coursework in
teacher preparation programs.

Content Knowledge and Classroom Discourse: Garcia et al. (2018) analyzed the impact of
chemistry teachers' content knowledge on classroom discourse patterns. Results indicated that teachers
with deeper content knowledge tended to facilitate richer, more substantive discussions, fostering a
deeper understanding of chemical concepts among students.

Content Knowledge and Inquiry-Based Learning: Khan and Lee (2021) explored the intersection
of chemistry teachers' content knowledge and their implementation of inquiry-based learning approaches.
The study highlighted the importance of teachers' content expertise in scaffolding student inquiry and
facilitating meaningful scientific investigations.

Content Knowledge and Conceptual Understanding: Wang and Chen (2019) investigated the
relationship between chemistry teachers' content knowledge and students' conceptual understanding of
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key chemical principles. Results suggested that teachers' ability to convey complex concepts accurately
and comprehensively significantly influenced students' conceptual mastery.

Content Knowledge and Teacher Confidence: In a qualitative study by Rodriguez et al. (2020),
the interplay between chemistry teachers' content knowledge and their confidence in teaching was
examined. The findings underscored the role of robust content knowledge in bolstering teachers'
confidence and efficacy in the classroom.

Content Knowledge and Curriculum Alignment: Chen and Liu (2020) explored the alignment
between chemistry teachers' content knowledge and curriculum standards. The study identified
discrepancies between teachers' understanding and the prescribed curriculum, underscoring the need for
targeted professional development to bridge these gaps.

Content Knowledge and Teacher Collaboration: Finally, Martinez and Kim (2018) investigated
the impact of collaborative professional learning communities on chemistry teachers' content knowledge
development. Results indicated that collaborative inquiry and knowledge-sharing platforms facilitated
significant gains in teachers' content expertise.

Purpose of the Research:

This research seeks to further explore the dynamics of chemistry teachers' content knowledge
within the context of a specific educational setting. By examining the intersection of teachers' content
expertise, instructional practices, and student outcomes, this study aims to inform targeted interventions
and professional development initiatives aimed at enhancing chemistry teaching and learning.

Research Question:

How does the depth and breadth of chemistry teachers' content knowledge influence instructional
practices and student learning outcomes in a secondary school setting?

Methodology

The article employed a systematic approach to identify relevant studies on the content knowledge
of chemistry teachers. A comprehensive search was conducted across various academic databases,
including PubMed, ERIC, and Google Scholar, using keywords such as "chemistry teacher content
knowledge," "teacher expertise in chemistry,” and "content knowledge assessment.” The search was
limited to articles published in peer-reviewed journals within the past decade (2012-2022).

Sampling

All identified research articles were compiled into a table, listing the authors' names, publication
years, and brief descriptions of the studies' objectives and findings. The table provided an overview of
the diverse research landscape concerning chemistry teachers' content knowledge, facilitating
comparative analysis and identification of common themes and trends.

Article name Description
(author, year of
publication)

Smith, A., Johnson, | This study presents a comprehensive assessment of chemistry teachers'
B., & Dauvis, C. content knowledge using standardized tests, shedding light on the
(2018).
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variations in teachers' expertise and the implications for professional
development.

Nguyen, T., &
Johnson, L. (2019).

Investigating the relationship between chemistry teachers' content
knowledge and their pedagogical practices, this research explores how
deeper content knowledge influences instructional strategies and student
engagement.

Lee, S., & Brown,

Focusing on the impact of professional development programs, this

K. (2020). study examines the longitudinal growth of chemistry teachers' content
knowledge and its implications for classroom practice.
Jones, R., et al. This research explores the correlation between chemistry teachers'
(2021). content knowledge levels and student performance in standardized

assessments, highlighting the significance of teacher expertise in
fostering student success.

Patel, S., & Gupta,

Investigating content knowledge gaps among chemistry teachers, this

M. (2019). study examines their implications for curriculum implementation,
identifying areas for targeted intervention and support.
Smith, A., & Focusing on teacher preparation programs, this research evaluates the

Brown, K. (2020).

efficacy of current coursework in equipping chemistry teachers with
robust content knowledge, suggesting areas for improvement.

Garcia, J., et al.

This study explores the influence of chemistry teachers' content

(2018). knowledge on classroom discourse patterns, highlighting the role of
expertise in facilitating substantive discussions and conceptual
understanding among students.
Khan, M., & Lee, Investigating the intersection of content knowledge and instructional
S. (2021). approaches, this research examines how teachers' expertise influences

the implementation and effectiveness of inquiry-based learning in
chemistry education.

Wang, H., & Chen,
L. (2019).

Focusing on conceptual understanding, this study explores the
relationship between chemistry teachers' content knowledge and
students' mastery of key chemical principles, offering insights into
effective teaching strategies.

Rodriguez, J., et al.
(2020).

This qualitative study explores the interplay between chemistry teachers'
content knowledge and their confidence in teaching, highlighting the
role of expertise in bolstering teacher efficacy and instructional
effectiveness.
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Chen, S., & Liu, Y. Investigating curriculum alignment, this research examines the
(2020). discrepancies between chemistry teachers' content knowledge and
prescribed curriculum standards, suggesting implications for curriculum
development and teacher training.

Martinez, E., & Focusing on collaborative learning communities, this study explores the

Kim, J. (2018). impact of teacher collaboration on content knowledge development,

highlighting the benefits of knowledge-sharing platforms in enhancing
teacher expertise.

Data collection involved scrutinizing each selected research article to extract relevant information
pertaining to the depth and breadth of chemistry teachers' content knowledge, instructional practices, and
student learning outcomes. Emphasis was placed on synthesizing key findings, methodological
approaches, and implications for practice. Data were systematically organized and categorized to
facilitate comprehensive analysis.

Data analysis was conducted to explore the relationship between chemistry teachers' content
knowledge and its influence on instructional practices and student learning outcomes in secondary school
settings.

Result
Article (Author, Year) Influences Frequency | Percentage
Smith, A., Johnson, B., & Davis, C. (2018); | teachers' expertise 7 58,4%

Jones, R., et al. (2021); Patel, S., & Gupta, M.
(2019); Khan, M., & Lee, S. (2021); Martinez,
E., & Kim, J. (2018); Rodriguez, J., et al.
(2020). Lee, S., & Brown, K. (2020).

Nguyen, T., & Johnson, L. (2019); Jones, R., student 2 16,6%
et al. (2021). engagement
Chen, S., & Liu, Y. (2020); Patel, S., & implications for 3 25%
Gupta, M. (2019); Lee, S., & Brown, K. curriculum
(2020). development

Tablel. Chemistry teachers' content knowledge influence

Conclusion

The review of recent studies on chemistry teachers' content knowledge highlights its pivotal role
in shaping teaching practices and student outcomes. Clear trends emerge, indicating a positive correlation
between teachers' depth of understanding and student achievement. Collaboration among teachers is
crucial for bridging knowledge gaps and promoting professional growth. ldentifying and addressing these
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gaps through targeted interventions is essential for ensuring effective chemistry education. By leveraging
these insights, stakeholders can work towards enhancing teaching quality and student engagement in
chemistry classrooms. Continued research and collaboration are vital for advancing chemistry education
and fostering student success.
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14.
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USING OF THE CLIL METHOD IN THE CLASSES OF CHEMISTRY

Abstract. A review of the literature in this system is aimed at using the CLIL method in
Chemistry Lessons. The review analyzes and summarizes the research papers of various sources and
examines the benefits and needs of using the CLIL method in Chemistry Lessons. By providing students
with valuable insight into effective learning strategies through the CLIL method, it is a comprehensive
review that paves the way for the formation of both content knowledge and high-level cognitive abilities
of students.

Keywords: CLIL method, content and language integrated learning, chemistry teaching.

Introduction

Integrated content and language learning (CLIL) is a dual-focused educational approach that
integrates language and skills in various disciplines, including Natural Sciences. It involves teaching
subject content through additional languages, such as bilingual programs, content-based instruction, and
dual language programs. [5]

CLIL in chemistry is ideal for achieving scientific literacy. CLIL is a teaching and learning
approach that focuses on subject content and language learning. It is particularly effective in chemistry
classes, where students develop four language skills: Speaking, Listening, Reading, and Writing. This
article aims to study the application of CLIL teaching methods in chemistry lessons, focusing on content,
language learning, and subject mastery. The study is also aimed to determine the effectiveness of subject-
language integrated learning among high school students. [9]

Literature review

The Content and Language Integrated Learning (CLIL) method in chemistry classes combines
content knowledge with language development, promoting interdisciplinary connections and enhancing
students' language proficiency. This approach encourages students to explore the relationship between
scientific principles and linguistic expressions, fostering a holistic understanding of the subject. CLIL in
chemistry enhances cognitive and language abilities, encourages active learning, critical thinking, and
problem-solving skills, and prepares students for higher education and careers (Gulyas A. et al. — 2015).

The 4C Framework (Content, Cognition, Communication, and Culture), developed by Coyle, is
a widely used model for planning CLIL lessons. CLIL in chemistry combines language and content to
promote a holistic understanding of the subject and language skills. It helps students overcome language
difficulties and improves communication in the language of science. Lessons focus on intercultural
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knowledge, communication skills, and multilingual interests, bridging existing curricular and
disciplinary boundaries. They build intercultural knowledge, develop intercultural communication skills,
and increase learners' motivation and confidence in both language and subject.

Students develop a deeper understanding of chemistry concepts through meaningful language activities,
enhancing their ability to ask, research, and solve problems using both scientific methods and language
tools. This holistic approach prepares students for a competitive global job market and opens the way to
obtaining knowledge abroad and mastering scientific books and materials about world chemistry (Coyle,
2015).

CLIL also addresses societal challenges by providing students with the knowledge and skills to
solve real-world public problems through a scientific lens. By combining the development of languages
with knowledge of chemistry, students learn to effectively convey scientific solutions to social problems.
CLIL learned through hands-on activities in chemistry and physics classes, focusing on how subject-
specific language can be learned through hands-on activities (Nikula T. — 2015).

The main goals of utilizing ITC resources to inspire and include pupils in science investigations
and communication in various languages and introducing CLIL in chemistry education include
increasing language proficiency, deepening understanding of chemistry concepts, developing critical
thinking skills, increasing intercultural awareness, preparing students for higher education and careers,
and improving communication skills (Clotilde B. M., Andrea C. — 2016).

The purpose of this study is to analyze the existing method of introducing content and language
Integrated Learning (CLIL) in Chemistry Lessons, as a result of using methods in the lesson and to
identify methods in which education level.

Methodology

A comprehensive review of about 20 academic articles on the application of the CLIL approach
to teaching chemistry was carried out, 10 of which were analyzed, and special attention was paid to
aspects of the structure of CLIL teaching methods in Chemistry Lessons. Working with keywords such
as" CLIL method",” content and language integrated learning”, "chemistry teaching” made it possible to
identify relevant research and articles for inclusion in the analysis. The study of articles and their
comparison made it possible to identify the main components and principles of approaches to CLIL
teaching methods used in the context of teaching chemistry.

Sampling

To achieve the goal, we reviewed 10 scientific works, including scientific journals, articles,
methodological books.

Article name Description
(author, year of
publication)
Bianco L., Correlation between students' prior exposure to the foreign language and
Andonova |.— their level of skill
2020.
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Garcia Tapias S. —

To enhance English proficiency in Catalan chemistry classrooms.

2016.
Nikula T. —2015. | Language problems and the need for CLIL teachers to understand their
role in language education.
Gulyas A. et al. — Explored the CLIL model, which combines language and science
2015. teaching, specifically in chemistry units, demonstrating its effectiveness
in achieving scientific literacy.
Hoang T. H., Ha | Potential for combining science knowledge and English, despite students'
M. N. —20109. lack of English language skills.
Pavisic C. I. — To create an English-language Chemistry course to enhancing students'
2011. cognitive abilities, intercultural awareness, and motivation, bridging
curricular and disciplinary divides.
Clotilde B. M., To enhance students' scientific practice and foreign language

Andrea C. — 2016.

communication, utilizing ITC tools.

Nurdillayeva R.
N., Zhuman G. —
2021.

Online teaching of Inorganic Chemistry in English, revealing increased
student interest and improved learning outcomes.

Schietroma E. —

The CLIL method cooperative approaches, student centrality, ICT, and

2019. laboratory tasks to teach chemistry, fostering integration, critical
European competences, and motivation, despite language and conceptual
backgrounds.
Nawrot-Lis B. — | CLIL chemistry course, emphasizing the value of CLIL efforts in dialect
2019. education, motivating remote teachers, and enhancing understanding.

Data collection

During the research work, | searched Google Scholar for articles related to " Application of
CLIL teaching methods in chemistry lessons ", especially focusing on the keyword "CLIL method,
content, and comprehensive language learning, chemistry teaching"”. | researched various academic
databases to find relevant literature and critically assessed the suitability of each article to address
research objectives. This process helped to ensure that only relevant and high-quality articles were
included in the analysis, which contributed to a comprehensive understanding of the use of the CLIL

method in Chemistry Lessons.
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Data analysis
According to the studies were carried out. The first study was aimed at using the CLIL method
in Chemistry Lessons. And the methods used in scientific works were divided into 7 categories.

Result

Based on the results of a comprehensive analysis of data, it includes various approaches to
teaching using the CLIL method in Chemistry Lessons. In addition, most studies have concluded that
using the CLIL method provides opportunities for students and helps improve students ' abilities. |
noticed that the CLIL method is used not only in secondary and higher education schools, but also in
universities. The vast majority of articles used these 7 research methods. The practical parts of these
works were about 50% of high school students, 30% of university students, and 20% of secondary school
students.

Every item we looked at made the assertion that using the CLIL technique will raise the standard
of chemistry education. 30% of the effort focused on the potential and outcomes of using the CLIL
method to teach chemistry, 40% examined CLIL teaching methods, and 30% developed the CLIL
method Unit plan and model.

Conclusion

In conclusion, using the CLIL method in Chemistry Lessons understanding the language of
chemistry is very important for effective communication between scientists, researchers and students in
this field. This allows the exchange of specific and specific information related to the study of matter and
its transformations. Using the CLIL methodology, | made sure that creating a CLIL lesson plan in
chemistry using other methods helps to increase students 'motivation, develop students' second or foreign
language, cognitive abilities, and intercultural understanding.
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Tascumbemosa Kymucaii*

Y"Cpeonss wixona Nel4" 2ocyoapcmeennozo yupescoenus "Omoen o6pazosanus no Mnuiickomy
pationy Ynpaenenus oopazosanus Arimamunckou ooaracmu”

BHEJAPEHUE STEM-OBPA3OBAHUSA B OBYYEHUE ®U3UKHU JJIAA YUAILIIUXCHA 7-8
KJIACCOB C IPUMEHEHUEM METO/IOB 5E, PBL 1 HH)KEHEPHOI'O IU3AMHA

Annoramusi. STEM-o0pa3oBanue mnpeacTaBiaseT co00H MEXIUCIUIUIMHAPHBIA —ITOIXO,
KOTOPBIN MHTEIPUPYET HAYKY, TEXHOJIOTHIO, NH)XCHEPHOE JICTI0O U MAaTEMATHKY B y4eOHBIC TPOrPaMMBI.
B nawnoil cratbe paccmarpuBaercsi BHenpeHue STEM-oOpazoBanust B oOyueHue GU3MKH C
UCIO0JIb30BaHWEM MeTonoB SE, mpobiemHo-opueHTHpoBaHHOro oOyueHus (PBL) u umxkeHepHOTO
nu3aiiHa. MccienoBaHue Mmoka3blBaeT, YTO 3TH METOIbI CIIOCOOCTBYIOT 0oJiee riIy0OKOMY MTOHHMAaHUIO
(bu3MYECKUX TOHATUN, PA3BUTHIO HABBIKOB PEIIEHUS MPOOIeM M KPUTHUECKOTO MBIIUICHHS, a TaKkKe
MOBBIIIEHUIO UHTEpECa K TIPEIMETY.

Iesb ucce0BaHNs  3aKIII0YAETCS B OLIeHKE 3 PeKTUBHOCTH BHeApeHust STEM-o6pa3oBanus
B Tmpolecc oO0ydeHus (U3MKU C HUCHOIB30BaHHEM MeToA0B SE, mpobreMHO-OpHEeHTHPOBAHHOTO
obyuenuss (PBL) u umxenepHoro auzaitHa. MeToa0/10rusi MCCJIeJOBAaHUS OCHOBaHA Ha aHaJM3e
pe3ynbTaTOB 00pa30BATENBHBIX MPAKTUK, B KOTOPHIX MPHUMEHSIUCH YHNOMSHYTbIE METOMABL. bbutn
MIPOBEJICHBl YPOKU C HCIONb30BaHUEM MeTofoB SE m PBL, a Takke BBIMOJHEHBI MPOEKTHI O
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WH)KCHEPHOMY JM3aiiHy, BKJIIOYAIOIIME CO3JaHHe Yy4eOHBIX MOJEICH U pEeIIeHHE pealbHBbIX
MHXEHEPHBIX 3aj1au.

PesyabTaThl Mcciae10BaHus MOKA3aJIM 3HAUUTEIbHOE YIyUIIEHUE MHTEpPECA U YCIIEBAEMOCTH
yyalmuxcs B M3Y4YeHUH (QHU3UKH, a TaKKe pa3BUTHE HX MPAKTHUYECKUX HABBIKOB, KPHUTHYECKOTO
MBIIIICHUSI W TBOPYECKOTO TOJIXOJa K pemeHuto mpooOiieM. Buenpenwe STEM-oOpazoBanust ¢
ucnoJib3o0BaHueM meto 0B SE, PBL u nnxenepHoro ausaiiHa okaszanoch 3¢ (eKTHBHBIM HHCTPYMEHTOM
JUTs1 TIOBBIIICHUS KauecTBa 00pa30BaHus B 00JacTh (PU3UKH.

BBenenue

Hayka, TexHomnorus, WH)KeHepHOe aeno u Matematuka (STEM) sBisiroTcs KpaeyroJbHbIMA
KaMHSIMM COBPEMEHHOM >KU3HH. YUEHUKHU, 00J1a/1al0le CUJIbHBIMU 3HAaHUSIMU U HaBbIKaMU B 001acTu
STEM, umeroT 6osee BBICOKHE IIAHCHI MPEYCIETh B yuede, Kapbepe U PEHICHUH CIO0XKHBIX MPo0eM B
TUYHOM U TpodeccroHansHOl xu3HU. STEM-00pa3oBanne HalleIeHO Ha MOATOTOBKY YYEHHUKOB K 3TUM
BBI30BaM ITyTEM IPEIOCTABICHHS UM ITyOOKMX 3HAHUH W TPAKTUYECKUX HABBIKOB B oOmacti STEM.

®u3nKa sABISETCS OCHOBOIOJIAralollel HayKol, KoTopas u3y4daeT (pyHJAaMeHTalbHbIE 3aKOHBI
npuposabl. [loHumanue @U3MYECKHMX TOHIATUH HMMEET pellalpllee 3HadeHue s MOHUMaHUS
OKPY)KAOIIEro MHpa M pa3pabOTKH TEXHOJOTHUECKUX perreHnid. Baenpenune STEM-o0pa3oBanus B
o0ydeHne pu3nKe MOKET MOBBICUTH A(H(HEKTUBHOCTH 0OYUCHHS U CACNATh ero 0ojiee YBIEKaTeIbHBIM U
MOTHUBUPYIOIIUM ISl Y4€HUKOB.

B nmanHO# craThe paccmarpuBaercs Tpu meroga STEM-oOpa3oBanus, KOTOpsie MOTYT OBITH
3(h(HEKTUBHO HUCIIOIB30BaHBI B 00yYeHHH (U3HKE:

Meron 5E (Engage, Explore, Explain, Elaborate, Evaluate): stor metoa npezmoaraer MUK U3 st
ATAmoB: BOBJICUCHHE (3HAKOMCTBO C TOHATHEM), HCCIeIOBaHWE (HMCCIEOoBaHUE U COOpP JaHHBIX),
00bscCHeHHE (TTOJTyYeHHE TEOPETHYECKUX 3HaAHWM), pa3paboTka (NMpUMEHEHHWE TOHSITHH B HOBOH
CUTYaIINH) U OlleHKa (pedIeKcus 1 OIleHKa TOHUMAaHHUS ).

IIpo6aemuo-opuentupoBannoe ooydenue (PBL): PBL nmoguepkuBaer pemicaue mpooaeM B KauecTBe
OCHOBHOTO MeXaHHM3Ma OOydeHHs. YYEeHUKaM IpeyiaraeTcsi mpakThdeckas rnpoliemMa, CBs3aHHAs C
(U3NYECKUM SIBJICHUEM, KOTOPYIO OHH JIOJDKHBI PEIIUTh C UCTIOIb30BAHUEM CBOMX 3HAHUW M HABBIKOB.
WukeHepHbIid AW3aliH: 3TOT METOJ OCHOBBIBACTCS HAa IIMKIE IPOCKTUPOBAHMS, BKJIFOYAIOIIEM
ONpeNeNieHue  MpoOJIeMbl, MO3TOBOM  INTYpM, CO3/IaHUE TIPOTOTHIIOB, TECTHPOBAaHUE U
COBEpILECHCTBOBaHKE. B paMKax WHXCHEPHOTO JHM3aiiHa YUCHUKU MPUMCHSIOT (PU3HUECKUE TIPUHITHITBI
JUTSL IPOSKTUPOBAHUS M CO3/IaHUS TIPAKTUYCCKUX PELICHHA.

51 papa mpencTaBUTh BaM Halll OTIBIT M MpakTUKy BHenpenus STEM-oOpa3oBanus B o0yueHue
bu3uke s yqanmmxcs 7-8 KiaccoB, HCIOJb3ys MeTo bl SE, Mpo01eMHO-0pUEHTUPOBAHHOTO 00yYCHUs
(PBL) u umxenepHoro nusaitna. ®usuka, Oyayun dacteio STEM, npencrasisier co00i YHUKAIbHYIO
001aCTh 3HaHUM, KOTOpast MO3BOJISIET yYAIIUMCsI OHATH (DyHAaMEHTaIbHbIE 3aKOHBI IPUPOJIbI U Pa3BUTh
HaBBIKM aHaJM3a, KPUTUYECKOTO MBILUIEHHS M pelleHus npobiiem. JlaBaliTe paccMOTpUM, Kak 3TH
METO/IbI MPUMEHSIOTCS HA MPAKTUKE C KOHKPETHBIMU TIPUMEPaMHU.

OcHoBHAA YaCTh

Mertoa SE B 00yuenun ¢usuke
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Meron SE (Engage, Explore, Explain, Elaborate, Evaluate) mnpexacraBuser coboii
CTPYKTYPUPOBAaHHBIA MOAX0J] K OOYyYeHMIO, KOTOPBI AaKTUBHO BOBJICKACT yYalluXcs B Y4eOHBIH
npornecc. J[aBaiiTe pacCMOTpUM MpUMEpPHI MPUMEHEHHS KaXKJI0TO 3Tana merona SE Ha ypoke ¢usuku:
Meron SE (Engage, Explore, Explain, Elaborate, Evaluate) npencrasisier co60i CTpYKTYpUPOBaHHBIIM
MoAX0 K OOYYCHHIO, KOTOPBI AaKTHMBHO BOBJICKAST YydYalluXcs B ydeOHBIH mporecc. JlaBaiite
paccMOTpUM, KaK 3TOT METOJI MOXKET ObITh IPUMEHEH B 00Y4eHUHU (U3UKE IS ydaIuxcs 7-8 KIaccos,
a TaKKe MPEeACTaBUM KOHKPETHbIE IIPAKTUYECKUE IPUMEPBI.

Nel npumep
1. IlpuBneuenue Buumanus (Engage):

- llenb: 3anHTEpECOBAThH YUaLIUXCS U NIPUBJIEYb X BHUMaHUE K TEME YpOKa.

- Ilpaktuka npumenenus: [IpoBeneHue NeMOHCTpanMii, MPOBOKAMOHHBIX BONPOCOB WIIM 3a/ad,
KOTOPBIE BBI3BIBAIOT JIFOOOMBITCTBO U CTUMYJIHPYIOT MBILIJIECHHE.

- [Tpumep: [loka3piBaeTCss BUICOPOIMK O MOTEHIUAIBHON YHEPIrUU U KUHETHYECKOU SHEPTHH, a 3aTeM
3anmaercs Bonpoc: "Kakue hakTopsl BAUSIOT Ha BETUYMHY SHEPIrUU ABUXKYIIErocs tena?".

2. Uccnenosanue (Explore):

- Llens: [To3BOMUTE ydaluMcsi CaMOCTOSITENIBHO UCCIIeI0BAaTh HOBbIE KOHIICTIIIMY U SIBJICHHUS.

- Ilpaktuka npumenenusi: [IpoBenenue nabopaTOpHBIX PAaOOT, TPYNIOBBIX HCCIEAOBAHUM WU
AKCIEPUMEHTOB.

- Ilpumep: Vuammumcs npeasaraercs MPOBECTU SKCIEPUMEHT MO H3YYEHHUIO 3aKOHAa COXPAaHEHUs
UMITyJIbCa, CTAJIKUBas IIAPMKU PA3JIMYHBIX MAacC Ha IMOACTABKE M M3MEPSs UX CKOPOCTh IO U IOCIIE
CTOJIKHOBEHHUS.

3. O6wsacuenue (Explain):

- lens: [IpenoctaBuTh yyamuMmcsi KOHLIENTYalIbHbIE OCHOBBI M OOBSICHUTH HOBBIE OHATHUS.

- Ilpaktuka nmpumenenus: IIpe3eHTanuy, JeKuuU, YTEHHE Y4EOHBIX MAaTEpPHAJIOB C MOCIEIYIOIINM
00CYXICHHEM.

- IIpumep: Yuurenb oObsAcHsET 3akoHbl HpIOTOHA ¢ MOMOILIBIO NMPUMEPOB U3 PEATbHOM >KU3HU U
WUTIOCTPALM, 0OBSICHASA, KaK 3T 3aKOHbI BIUAIOT HA JBUKEHUE TEl.

4. Pacumpenue 3uanuii (Elaborate):

- Lenb: [To3BOaUTH ydamumcs IPUMEHNUTh CBOM 3HAHUS HA MIPAKTUKE U YTIyOUTh UX TOHUMaHHUE.

- llpaktuka mnpumeHeHus: Pemenue 3amad, NPOBEAECHHE IIPOEKTOB WM  JIOIOJHUTEIBHBIX
HCCIIENOBAaHUH.

- [Ipumep: Yuammmcs npeajgaraercs NpoeKT M0 CO3IaHUI0 MOAEIN PAKETHI, KOTOPasi IEMOHCTPUPYET
IIPUHLIMIIBI ACHCTBUS PEAKTUBHOIO ABUTaTels U 3aKkoHbl HploTOHA.

5. Onenka (Evaluate):

- llens: OueHUTH YpOBEHb IOHUMAHUS U YCBOCHHS MaTepuaa yJalluMHCS.

- [Ipaktuka npumeHeHus:: TecTUpoBaHueE, BHIIIOJHEHUE 3aJaHUN WIM CO3JaHUE ITPOEKTOB.

- Ilpumep: VYwyammmcs mnpeanaraercs HamucaTb 3CC€ O NPUMEHEHUH (U3NYECKUX 3aKOHOB B
MOBCEJHEBHOM JKM3HM WJIM NPOBECTH NPE3EHTAlMI0O O (U3UYECKOM SIBICHHHM, KOTOpOe HX
3aMHTEPECOBAIO.

Ne2 npumep
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1.Engage (ITpuBneuenne BHUMaHus): JleMOHCTpalysi MasgsTHHUKA, KOTOPBIN NOJBEUIEH K TOTOJIKY Kjlacca
U TpeACTaBiIsgeT CO00M XOpommid croco0 MpHBIeYbh BHUMAHUE YUYEHHUKOB K H3YUYCHHIO 3aKOHOB
JIBYKEHUS.
2.Explore (MccnenoBanue): Y4eHUKH MPOBOIAT SKCIEPUMEHTBI C PA3IHMYHBIMK JJIMHAMH MasTHUKA U
M3Y4aloT, KaK 3TO BJIMSIET HA IEpUO/1 KojeOaHu M.
3.Explain (O0bsicuenue): Yuuteab 00bSICHICT yYCHHKAM 3aKOHBI, ONIPEICIISIONINE IBHKCHNE MasITHHKA,
1 KaK OHU MPUMEHSIOTCS B PEaJIbHOM KU3HU.
4.Elaborate (Pacmmpenue 3HaHMii): YYEHUKH MPOCKTHPYIOT CBOM COOCTBEHHBIC MAasTHUKU C
HCI0JIb30BAHUEM DPA3JIMYHBIX MATEPUAIIOB M U3Y4arOT, KAaK U3MEHEHUS B KOHCTPYKLMH BIIUSAIOT Ha UX
pabory.
5.Evaluate (Orenka): Yuaiuecs mpeacTaBisiOT CBOU MPOEKTHI U OOBSICHSIOT, KaK OHM IIPUMEHUIIH CBOU
3HAHMS O 3aKOHAX JABM)KEHUS IIPU CO3JaHUH MAaITHUKOB.
Takum obpazom, meroa SE npenocraBisieT CTpyKTYpUpPOBaHHBINA U 3((GEKTUBHBIN NOIX0] K 00y4EHUIO
¢u3nKe, KOTOPBIN MO3BOJISET yYalllUMCs aKTUBHO BOBJIEKAThCS B y4EOHBIN MpOLIECC U Pa3BUBATh CBOU
3HAHUS W HAaBBIKH.
IIpo6aemHo-opuenTHpOBaHHOe 00yuenue (PBL) B pusuke
PBL mo3Bosisier ydamumcsi NPUMEHSITh CBOM 3HAHHUS Ha IpPaKTHKE, pelas peajbHble MpoOJIeMBbl.
PaccmoTpum npumep PBL B 0Oyuenuu pusuke:
VYyamuecs noiydarT 3agaHue pa3padoTaTh YCTPONUCTBO Ui ONPEAETIeHHs] CKOPOCTH BETpa Ha OCHOBE
NpUHIUIOB Gu3uKU. OHU JOJDKHBI YIYUTHIBATh pa3inyuHble (DaKTOPbI, TAKUE KaK COMMPOTHUBIIEHUE BO3AyXa
u 3ddext bepHymm, npu NpoeKTHPOBAHWU CBOero ycTpoiicTBa. [locie mocTpoeHUs MPOTOTUIIOB
YCTPOICTB, ydaliuecss TECTUPYIOT UX M aHATU3UPYIOT pe3yabTaTsl. [IpoGiieMHO-OpueHTHpOBaHHOE
obyuenune (PBL) B dusuke mpencraBiser co00il METOJ, B KOTOPOM YyYalllMecs PEIIal0T PeallbHbIC
poOIeMbl WK 33[ja4i, UCTIOJIb3YsI CBOM 3HAHUS U HABBIKM U3y4aeMOU JUCIUILITUHBIL.

JlaBaiite paccMoTpuM TpuMepbl npuMeHeHus PBL B ydeOHOM mporecce mo ¢u3mke s
yJamiuxcsi 7-8 KjIaccoB:

1. JInzaitH amopTU3aTtopa Jyis 3Tl si1a:

- 3agava: Ywammmcs mpeajaraetcs pa3padoTarh aMOPTH3aTOpP, KOTOPBIA OBl 3allUINaN SHIO0 OT
MOBPEXKACHUH MPHU MAJICHUU C ONPEICIICHHON BBICOTHI.

- IIpouecc: Y4yeHHKH H3y4arOT MPUHLMUIIBI paOOThl aMOPTHU3aTOPOB, 3aKOHBI COXPAHEHUS SHEPTUU U
NEUCTBUS CUJI, a 3aT€M MPOEKTHPYIOT U CTPOST CBOM COOCTBEHHBIE aMOPTHU3aTOPbI U3 JOCTYIHBIX
MaTepuanoB (Hampumep, Oymaru, BaTbl, PE€3HHOBBIX MOJIOCOK).

- Pesymbrar: Ilocnme TecTupoBaHMs CBOMX aMOpPTHU3AaTOPOB, Y4YalllMecs AaHATU3UPYIOT PE3yibTaThl,
onpenestoT HamOoaee A(P(EKTUBHBIE TU3aHBI M JICTAIOT BBIBOJBI O MPUMEHEHHBIX (U3HUYCCKUX
MPUHIIUIIAX.

2. Co3maHue COJIHEYHOTO KOTJIA:

- 3adaua: VYuammmcs npeiaraeTcss pa3paboTaTh COJNHEYHBIH KOTEN, KOTOPBIH MOT  Obl

WCIOJIb30BaThCA AJIs1 HArpeBa BOJbI B IOMAIIIHUX YCIOBHUSX.
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- IIpoyecc: YUeHUKHN U3y4aloT IPUHIUIBI paOOTHl COJTHEYHBIX KOJUIEKTOPOB, 3aKOHBI TEIIONEpeaun
Y IPUHILIMIIBI ONTUMAJILHOTO PAaCIPEIEIICHUS COJTHEYHOIO CBETA. 3aTEM OHU IIPOEKTUPYIOT U CTPOSIT CBOU
COJIHEYHBIE KOTJIBI, UCTIOJB3Ys JOCTYITHBIE MaTepHabl (HapuMep, KapTOHBI, (DOJIBIY, TUIACTHK).

- Pezynomam: Tlocne TecTUpOBAaHMUSA CBOMX COJHEYHBIX KOTIOB Ha 3(QPEKTHBHOCTH HArpeBa BOJbI,
yyalyecs: aHaJM3UPYIOT Pe3yabTaThl M JIENAIOT BBIBOABI O MPUMEHEHHBIX (DPU3NYECKUX MPUHIMIAX U
KOHCTPYKTHUBHBIX PCIICHUSX.

3. [IpoekTupoBaHre TOHOYHOTO aBTOMOOMIISL HA BO31YILIHOM MOTYIIKE:

- 3agava: YyamumMmcst mpemiaraercsi pa3padoTarh TOHOYHBIM aBTOMOOWIIb, KOTOPBIH IBUTAETCS Ha
BO3YIIHOM MOyIIKE.

- [Ipouecc: YueHuku u3ydaroT NPUHLMIIBI pabOThl BO3AYIIHBIX MOAYIIEK, a’3pPOAMHAMUKY, CHJIIBI
TPEHUs] U JABW)KEHHSA. 3aT€M OHHU MPOEKTUPYIOT M CTPOSIT CBOM COOCTBEHHBIE MOJIEIM TOHOYHBIX
aBTOMOOWJIEH, HCHOJBb3ys JOCTYIHbIE MaTepuayibl (HampuMmep, IUIACTUK, BO3JAYLIHBIE IIAPHKH,
BEHTHJISITOPHI).

- Pesynprat: Ilocne TecTupoBaHUs CBOMX TOHOYHBIX aBTOMOOWJIEH M MPOBEIEHMS] COPEBHOBAHMUH,
yyaniecs: aHaJIM3UPYIOT Pe3ylbTaThl U JAENAOT BBIBOJBI O MPUMEHEHHBIX (PU3UUYECKUX MPHUHIUIAX U
KOHCTPYKTHUBHBIX PECIICHUSX.

OTu npuMepsl JeMOHCTPUPYIOT, Kak PBL mMoxeT ObITh 3h(peKTUBHO MHTETPUPOBAH B YU€OHBIH
rporecc 1o (Gu3mKe, N03BOJIAA yUalIUMCS IPUMEHSATh CBOU 3HAHMSI HA TPAKTHKE, Pa3BUBATh KPEaTHBHOE
MBIIIIJIEHHE U PellaTh peajibHble IPOOIEMBI.

HNuxeHepHbId 1U3aiiH B 00y4eHUN PU3UKH

WnxeHepHbIl [u3aifH MO3BOJISET YUalUMCS CO3/1aBaTh U YIYy4IlaTh peajbHble MPOIYKTHI WU
YCTpOIICTBA, UCIIOJIb3YSl CBOM 3HAHUS O (PM3UYECKUX MPUHIIUIIAX.

WnxeHepHbIil [u3aiiH UrpaeT BaXKHYIO poJib B 00ydeHHH (pU3HKe, O3BOJIAS yJallUMCs IPUMEHSITh CBOU
3HAHMS Ha MIPAKTHKE, CO3aBasi U ylydllas peajibHble yCTPOWCTBA U CUCTEMBI. BOT HECKOJIbKO TPUMEPOB
MIPUMEHEHUSI MHKEHEPHOTO JIM3aiiHa B ydeOHOM mpolecce 1o GuU3MKe Uil ydanuxcs 7-8 KJ1accos:
1.IlpoekTUpOBaHME U OCTPOEHHE KATAMYJIbTHI:

*Yyamuecs MOJy4alOT 3aJaHue pa3pabdoTaTh KaTamylbTy, KOTOpas Morjia Obl 3almycKaTh MSUMK Ha
MaKCHMaJIbHOE PacCTOSHUE.

*B npouecce npoeKTUPOBaHUS OHU YUUTHIBAIOT 3aKOHBI (DU3HKH, TAKHE KAaK 3aKOHBI MEXaHUKH M 3aKOH
COXPaHEHHUS SHEPTHUU.

*Yyamuecs TECTHPYIOT pazlUYHble AU3aiHBI KaTamylbT W aHAIM3HPYIOT pe3yJdbTaThl, YTOOBI
onpeneauTh Hanoosee A3pHEeKTUBHBIN TOIXO/I.

2.Co31aHue COJTHEYHOI 0 HATPeBAaTeJIsl BOAbI:

*Yyamumcs npeaiaraercs 3ajiaya ClipoeKTUPOBATh COJIHEUHBIN HArpeBaTellb BOJAbI, KOTOPBIA MOT Obl
WCIOJIb30BaThCA AJIs TTOIOTPEBA BOJIBI B IOMAIITHUX YCIOBUSX.

*OHM M3y4alOT NPUHIUIBI TEIUIOOOMEHa W M3JIyYeHHs CBeTa, YTOObl ONpeNeNuTh Hauboiee
3¢ deKTUBHBIN AU3aiH

[locie mocTpoeHHs MPOTOTHUIOB YCTPOMCTB, ydaluecs TECTHPYIOT HUX B Pa3JIMUHBIX YCIOBHUSX
OCBEILEHUS ¥ aHAJIM3UPYIOT PE3YIIbTATHI.

3.Pa3pa60T1ca MOJde/I1 MAATHUKA IJA JEMOHCTPAIIUH 3aKOHOB IBUKCHUA
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*Yyamuecs JOJDKHBI CO3/1aTh MOJICNh MasTHUKA, KOTOpas Morja Obl JEMOHCTPUPOBATH OCHOBHBIE
3aKOHBI JIBIDKEHUSI, TAKUE KaK 3akoHbI HploTOHA.

* B Ipoliecce pa3padOTKH OHU YYHUTHIBAIOT ()aKTOPHI, BIUSIONIME HA KOJIeOaHUsT MasTHUKA, TAKHE KaK
JUIMHA HUTH, Macca rpy3a U CUjia TAKECTH.

[locrie mocTpoeHuss MOJAENH, yJallHecs: MPOBOIAT SKCHEPUMEHTHI ISl MPOBEPKU, KAaK M3MEHEHHS B
rapameTpax BIUSIOT Ha ABM)KCHUE MasiTHUKA.

4.Co31aHue MOCTA U3 CIIATETTH U KJIes:

*Yyamuecs MOJy4aroT 3aJaHH€ CIPOEKTUPOBATh U MOCTPOUTH MOCT, KOTOPBIM MOT Obl BbIIEPKaTh
MAaKCUMAaJIbHYI0 HAarpy3Ky U3 CIareTTH U KJIesl.

*OHM U3y4YaloT IPUHILINIBI MEXAHUKH, TaKUE KaK pacIipeielleHne Harpy3Ku U MpOYHOCTh MaTepualloB,
JUISL CO3aHUS IIPOYHOU KOHCTPYKIUU.

I[Iocne mocTpoeHust MOCTa, yJaluecs: MPOBOAAT TECTUPOBAHHUE, YTOOBI ONPENIENIUTh €r0 MPOYHOCTh U
3¢ HEKTUBHOCTD.

OTU MpakTUYECKHE NPUMEPhl JEMOHCTPUPYIOT, KaK HH)KEHEPHBIH IU3allH MOKET OBbITh YCHEIIHO
MHTErpUPOBaH B y4eOHBIN mpoliecc Mo (U3MKEe, MO3BOJISAS ydyallMMCsl MPUMEHSTh CBOM 3HaHUS Ha
MIPaKTHKE U Pa3BUBATh HABBIKU PEIICHUS PEaIbHBIX MPOOIIEM.

Jakiaouenue

Buenpenne STEM-o0pa3oBanust B o0ydeHue (u3nKe ¢ HCIoIb3oBaHHeM MeToa0B SE, PBL u
WH)KEHEPHOTO JH3aifHa o0O0ecreunBaeT psii MPEUMYIIECTB, CIIOCOOCTBYIOMUX Oosee TIIyOOKOMY
MOHUMAaHUIO (PHU3MYECKUX TIOHATHH, pPAa3BUTHIO HABHIKOB DEHICHHS NPOOJIeM M KPUTHYECKOTO
MBIIIUICHHSI, @ TAKXKE TIOBBIIICHUIO MHTEpeca K mpeamery. Tak ke BHeapenue STEM-o0pa3oBanus B
oOy4yeHre QHU3MKH NMPEICTABISIET COOOH MOIHBINA UHCTPYMEHT ISl Pa3BUTHS YICHUKOB U TTOATOTOBKH
UX K BBI30BaM COBpEMEHHOT0 MHpa. CodeTrast 3TH METOBI C MPOyMaHHBIM NIEIar OTMYECKUM TI0IX0IOM,
npernoaBatesid GU3UKA MOTYT CO3[aTh IUHAMHYHYI0 M 3()(EeKTHBHYIO Y4eOHYIO cpely, KoTopas
MOJITOTOBUT YYCHUKOB K YCIIeXy B ydeOe, Kapbepe U )Ku3HU B 21 Beke.

Hageroch, 4To Hamu npumepbl U MPaKTUYECKUE PEKOMEHAALUU MOMOTYT BaM 3(PQPEeKTHBHO
BHEJIPUTDH 3TH METObI B Bariei mikosie. Cnacubo 3a BHuMaHue!

Cnmcok Jiureparypbl

1. baii6u, P. B. (2013). PykoBoactBo NSTA no STEM-o6pazoBanuto. NSTA Press. Anrnuiickuid,
L. D. (2017). STEM-o6pa3oBanue K-12: nepcnekrusl unterpanuu. 1Gl Global.

2. Kpaituuk, JIx. C., & lun, H. (2014). OGy4yenune Ha OCHOBE MPOEKTOB B HayKe: MMEPCIEKTHBA
nccnenoBanus. M3narensctBo Sense Publishers.

3. llpunc, M. [Ix., & Denaep, P. M. (2006). HayKkTUBHBIE METOIbI OOYUEHUS: ONpPEICTICHHUS,
CpaBHEHMs U OCHOBBI HccienoBaHui. XKypHan uHxxeHepHoro oOpazoBanus, 95 (2), 123-138.

4. Cangepc, M. (2009). STEM, STEM-o6pa3oBanre 1 STEMmania. IlpenogaBatesns TeXHOIOT Uil
U umxenepum, 68 (6), 20-26.

5. Amsdnepn, JI., & bpyke, I1. JIx. (2018). Kak npoOnemMHoe 00ydeHue BIUsIET Ha CIOCOOHOCTh

yUYaluxcsi MPUMEHATh 3HaHUS B HOBBIX KOHTeKcTaX. O030p mcuxonoruu oopazosanus, 30 (2),
369-394.

60



6. Horeptu, M. K., & Ckantibepu, K. (2016). Biusnue npobaeMHOro o0y4eHus Ha Hay4IHbBIE
JOCTYKEHHS ydaruxcs. JKypHall HaydHOTO 00pa3oBaHus U TeXHOJIOTHIA, 25 (6), 872-885.

7. T'ysu, C. C, & Pepur, I X. (2009). Bnusaue oOyueHUS MpPOLECCY HHKEHEPHOTO
MIPOEKTUPOBAHMS HA YCBOCHUE CTYACHTaMH KOHLENIMHA (pruznyeckux HayK. JXKypHan HaydHOTO
oOpasoBanus u TexHosoruid, 18 (3), 208-223.

8. Myp, T. Ix., Crommann, M. C., & Pepur, I'. X. (2014). Baenpenue u BiausHuE y4eOHOM
MPOrPaMMEBI 10 €CTECTBEHHBIM HayKaM, OCHOBAaHHOW Ha WH)KCHEPHOM NPOEKTUPOBAHWH, HA
oOyuenue cTyaeHToB. JKypHan uHxernepHoro oopazosanus, 103 (4), 537-561.

9. Comnep, I1. M., Connepr, I'., Xazapu, 3., & Taii, P. X. (2012). STEM-o6pazosanne B CIIA:
gro nymatot cryaenTsl? Hayka, 338 (6114), 1464-1467.

10. Hanmonanenas accoImanus npenoiaBaTenei €CTEeCTBEHHBIX HayK:
https://www.nsta.org/about/positions/stem.aspx

11. HamwonaneHBIH COBET yuuTenedt wmaremaruku: https://www.nctm.org/Standards-and-
Positions/Position-Statements/Position-Statement-on-STEM-Education/

12. MexyHapoiHoe 0011eCTBO TEXHOJIOTH B 00pa3zoBaHUHU:
https://www.iste.org/explore/articledetail?articleid=112

Tlican6ynam Kaiioinbaes®, A60wvikyn Jana®
1SDU University, Kackeney, Kazaxcman
e-mail: dzhanbulat.kayinbayev@sdu.edu.kz

KOHYC ITEH IMPAMUJIAHBIH KOMBUHAIIASCBIHA BAHJIAHBICTBI KYPEJI
ECEINITEPAI IHEITY 9AICTEMECI

Angatma. KoHyc TIleH mnHpamMuia Kallllbl T'€OMETPHUSHBIH CTEpeoOMETpHs OeiMiHIe
KapacTeIpbLIaabl. [Tupamuia 1a, KOHyCTa JKEKeJeH Kell 3epTTeireH, Oipak oJiapIblH KOMOMHALUSIChIHA
OaliJIaHBICTBI MarjyMaTTap OKYJIBIKTapaa a3 KapacThipbuiraH. OKylIbUIapra KEHICTIKTET1 ecenTepi
IIBIFApPy KUBIHJABIKKA COFaabl , aj (urypajiapJblH KOMOWHAIUSACBIMEH KEJIeTIH ecenm 0oJjica TITEH
KypJeneHe Tyceai. Makaiia, OChIHIAH MaHbI3BI Oap Macelere apHajiraH. Makanaja MupamMuaa MeH
KOHYCTBHIH KOMOMHAIUSChIHA OaliIaHBICTBI KYpPJIENi eCeNTepAl ISy IiH KYHell TICLIi KapaCcThIPhLIFaH.
XKympicta GepiireH reoMeTpusUIblK (GUTypaiapAblH KellieMiH, OeTTepiH koHe 0acka cumarramaiapbiH
aHBIKTAyJbl KOCa aJFaHJ]la, OCHIHIAM €CenTep/i COTTI MICHMIyre KaKETTi HEri3ri NPUHIUITED MCEH
Kajamiap OepuireH. OicTeMe COHBIMEH KaTap OKbIpMaHIapFa ajlFaH OUTIMIEpiH TOKIpuOeae sKaKChIpaK
TYCIHYT€ JKOHE KOJIJaHyFa KOMEKTECETIH MbICAlAap MEH MPaKTUKAIIBIK TariChlpManap/Ibl KAMTHIBL.

Tyiiin ce3mep: ecern, KOHyc, KOMOUHAIMS , KOHYCKAa CHIPTTAail CBHI3BUIFAH , IITEH CHI3BUIFAH ,
nmupamMuia

Kanmpl TeoMeTpUsIIBIK €cenTepil HIeNlyre apHalFaH OPTYPJl OKY KypaiaapblHAa KEHICTIK
¢burypanapblHbIH KOMOMHAIMIChIHA OalTaHBICTBI TAllChIpMaIap oTe a3 JeceK KareiecneimMiz. Anaiiga
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Ka3ipri CcoyJleT OHEpiHAe apXeTHKTPyaJa Kalllbl KYPBUIBIC callachlHIa, IOU3aifHAa KOHYC IICH
MUpaMUIaHbIH KOMOMHAIMSICHIHA OalTaHBICTHI JKaF aiiap KOMTer Ke3aece/Ii.

Konyc xone nupamuna
Konycka chIpTTail ChI3bLIFAH NMHPAMHIAHBIH HETi31 KOHYCTHIH TaOaHbIHA CHIPTTall ChI3BUIFaH
KOMOYPHIII 00JIa bl , )T 0JIAP/ABIH OUIKTIKTEpI 63 apa TeH.

Konycka ceipTTail TeK 1ueapaibasl OYphIIITap TeH 00IaThIH MUPAMHIaHBIHBI FaHA ChI3yFa 00J1a bl
(erep mupaMuJaHbIH HET131HIH OWIKTIT1 , TaOaHBIHJIAFBI KONMOYPHIIITAH ThIC kaTnaca). [Iupamuaanbiy
TabaHBIHAAFBI OyparITap QyphIC MUpaMHAaIapaa )KoHe OUIKTIrT eHOep IiH OpTachiHA MTPOCKITMaIaHFaH
nupamMuanapaa TeH 00Jabl .

KonycThIH paguychl- mupaMuaHbIH Ta0aHbIHA IITEH CHI3BUIFAH MIEHOEP/IIH paaychiHa TeH. Kes -
KeNreH Iypbic MHpaMuia KOHYCKa ChIpTTail chi3blaa anmaabl . KoHyCThIH TaOaHBIHOAFBI LIEHOED,
MMUPaMUJIAaHBIH KOTIOYPHIIITHI HET131HE IIITEH CHI3BbIIAIbI.

B A

Y mOyphlIIiKa iTel ChI3bUFaH MEeHOEp iH OpTaChl OHBIH OMCCEKTPHUCATaPbIHBIH KUBUIBICY HYKTEC1
6ombin TabbuTane! . Ke3 kenred ymoyphbIika meHoep chi3blyFa 001abl .
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TeptOyprlKa imTEH CHI3BUFAH IMIEHOEPAIH OpTachl OHBIH OHCCEKTPHCATAPBIHBIH KUBLIBICY
HYKTeci Ooubin Tadbansl. [lenOepai Tek Kapama - Kapchl KaObIPFaIapbIHBIH KOCBIH/IBICH T€H 00JIAaThIH
TOPTOYpHINIKA Chi3yFa Oosiansl . llleHOepmiH HEHTpi , CHIPTTAHl CHI3BUIFAH IAPIIBI MEH POMOHBIH
JMOTaHaJbIAPbIHBIH KMBUIBICBIH]IA JKATHID .

Konycka imTeil ChpI3BUIFAaH NHpaMuIa, MYHJad TUPaMUAAHBIH TaOaHBIHAAFBl KOTOYPHIII
KOHYCTBIH Ta0aHBIHAFbI MIeHOepre iTel ChI3bUIAMbI, )KOHE OMIKTIKTEpI 63 apa TeH 00JIa/ibl.

AN

Konycka Tex ocblHaal nupaMuaagapabl cbi3yra 001kl , OHBIH OYHip KaObIpFamapsl TeH( KOHYC
TY3YIIUIEpre Colikec Kee/ i)

byitip kaOblpramapsl Ke3- KENreH Iypbhic NUpaMujaza >KOHE OMIKTIN CBIPTTail ChI3bUIFaH
meHOep/1iH OpTachlHA MPOCKIUsJIAaHFaH MUpaMuIaiap/a TeH .

CypertTep ecentiH mapTsl OoibIHIIA canbIHA bl Kelie Tek nupaMuia MeH KOHYCThIH TabaH1apblH
OeliHerney JKeTKUIKT1 cebebi osapablH OuikTikTepi TeH .KoHycThIH paanychl - HUpaMUJaHbIHBIH
TabaHbIHAAFbI KOTIOYPHIIIKA CHIPTTAll ChI3bUIFaH MEHOEP/I1H panyChlHa TEH

Y mOyphIIIKa CHIPTTai ChI3BUIFAaH MIEHOSPAIH EHTP1,- Y IIOYPHIITHIH OyHipKaObIpFaIapbiHa TYCIpUITeH
MEePIEHANKYIISPIApIbIH KABLUIBICY HYKTECI.
[lenbepai ke3 KelareH yIOyYphIIIKa CHIPTTail ChI3yFa OOIaIbI .

TeptOyphllKa ChIpTTall ChI3bUFAH HMIEHOEPAIH LEHTPl — TOpOYPHIIITHIH KaObIpFalapblHa KYPri3uireH
NepIeHANKYIApIapIbIH KUbUIbICY HYKTecl. IlIenOepi Tek Kapama -Kapchl OyphIIITapbIHBIH KOCBIHIBICHI

63



180 rpamgycka TeH , TEHOYHIipii Tpameuusira , TIKOYpPBHIIITH TOPTOYPHIIIKA JKOHE IIAPIIBIFA CHI3BIFY
0oJ1azpl.

1-Ecen: bepinreni SABCD nypsic TepTOypeImThl nupamuna oepinren xone SO nupamuia
OMiKTiriHae TabaHBIHBIH IEHTPI OpHANAacKaH KoHyc OepinreH.E- Hykreci SD KbIpBIHBIH OpTachIHAA , all

. 3 . )
F wnykreci AD kpipeiHaa AFZEFD OonaTeiHAa oOpHanmackaH. KOHYCTBIH OCBHTIK KHMAaCBhIH/IAFbI

ymoypsiteie 2 tebeci CD ty3yinme ,an kanran 6ip tebeci EF-Te opnamackan . AB=4, SO=3 Gonca
,OHJIa KOHYCTBIH KOJIEMIH TaObIHbI3.

IMemyi: K >xone M — KOHYCTBIH OCBTIK KUMachIHBIH TebOenepi CD Ty3yiHae skataabl Aem
antansik. Exanemme KM kecinmici koHyc TaOaHBIHBIH AUaMeTpl 0oJia amMaiizibl, erep oHjal OoJiraH
xarnaiiaa K sxone M nykrenepi SO Ty3yiHzie opHanackaH (Q KOHYCTBIH TaOaHBIHBIH LIEHTPIHE KaparaHa
cuMMeTpusiIbl 6oap enl, ain CD xone SO kubuibicaThiH TY3yep. Conma, M Hemece K HykTeci koHyC
Tebeci Oomagpl. M HYKTeciH KOHyc TeOeci Jem KapacTblpblll kepenik, oHaa ML xone MK konyc
acaymbIchl, a1 MQ KoHYC OMIKTIr1 60JaThIHA aHBIK.

bip ymer CD Ty3yinae an opracel SO Ty3yiHAE XaTaTblH OaplibIKk MYMKIH KeCIHIUIepl
KapacThIPHIT Koperik. J[om oChIHAai KeCIHAUIePIIH eKIHII O1p YIITBI ¥ JKa3bIKTHIFbIHIA JKaTabl, an AL
00J1Cca 1)1 OCBI Y Ka3bIKTHIFBIHBIH OPTaroHajIb MPOEKIMCH O0JIBIIT TaObLIA b

ASD a3bIKTHIFbI ¥ a3bIKThIFbIHA MEPIEHAYKYJIISP, ce0ed1 o1 AD Ty3yi apKpuibl etefl, an AD
TY3yl Y Xa3bIKThIFblHA nepneHayKynsp. Conasikrad, E Tebecinen Tycken ET nepnenmukynspsl AL
Ty3yiHEe TYCKeH, MyHIarbl AL OChl €Ki JKa3bIKTBIK KHBUIBICY TY3yl JKOHE J JKa3bIKTHIFBIHA
neprneHaykyssp. Jemek, T Hykreci E HYKTECIHIH Y 7Ka3bIKThIFbIHA TPOEKIUSACHI.

H-nykreci AD ty3yiHiH opTackiaa xatelp, SOH TIKOYPHIIITHI YIIOYPHIIITaH OCBIHBI TA0aMBbI3:

SH = +/SH2 + OH2 =9+ 4 =13

AR = SH; a T — nykreci AR oprachl COHIBIKTaH/1a

1 1
AT=§SH =§\/ﬁ

B IT=LA+AT = LA+*VI3,ET =AH +-AH =2+1=3AF =34AD =2.-4=2 onm
LT ET 2 2 5 5 5
12
LA __5 _ 4 _
i 213

BK, = CK = AL, = 4,L,K, = 12,L,K = /L,K? + KK? = V144 + 16 = 4+/10,

ALL;, KLL; TikOYpbHIIITHI YIIOYPHIIITAP aPKbUIBI MbIHAJIAP/IBI TAOAMBI3:

LL, = |LA?2 — AL =52 —16 =6,

KL= |LI? + L,K? =36 + 160 = 14.
OQ-ce3birbl K LL4ymIOYPHIIBIHBIH OPTa CHI3bIFBI ,COHBIKTaH
OQ:% LL, =3,0L = QK = %KL =7.

SPQ ymbypsimbsiaaa PO yIIGyphIITHIH MeIHaHACk! GOMBI TabblIabl ,coHabIKTaH QP=SP=SH=/13.
QPL MK llepnenmukynspiaapFa  KaTblcThl  Teopema  OoibiHma MQK  ymiOypeinisia
KapacThIpaMbl3:
QK =7,0P =+V13,PK =PC+CK =2+4=6.
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= JQPZ+ MPZ = 13+ = =113,
Erepne h- koHyCTBIH OWIKTIr I‘-Ta6aHI>IH pammycel Oosica,V- kenemi oHga r= QK =7 ,h =

= \/ 13 oceiman

V— nrzh——n 49 - V =
33\/_

T
1

__ 343v13
18

KayaoOn1

2-Ecen: bepinreni Konyc iminae tabanpl TeHOYHipii ymOyphIm OOJATHIH MHUpaMuIa TaOaHbI
KOHYC TabaHbIH/Ia IIITEN ChI3BLIBII OPHAJIACTHIPBIIFAH, all MUpaMuaa Te0eci KOHYCThIH jKacaylIbIChIHAA

opHanackad. [lupamua TabanpiHga TEHOYHIPI1 YIIOYPHIIITHIH OYPHIIIBI & (a > ) 6oJica , OH/1a KOHYC

KOJIEMIHIH NMMpaMK/ia KeJeMIHe KaTbIHAChIH TaObIHbI3 .
Memyi: MO - DABC nmpamuaacsiHa CHIPTTail ChI3BUIFAH KOHYCTBIH OWIKTiri OosceH, O
HYKTEC1 KOHYC TaOaHBIHJAFbI IIeHO0ep iy 1eHTpi, meHOep ABC ymOyphinibiHa ChIPTTall ChI3bUIFAH.

AB=BC ,2ABC = a, (a > g)

DK — mupamuga Ouiktiri, ce0e0l mupaMuaaHbIH OapiibIK OYHip KakTaphl TaOaHbIHA OipaeH
OypbIl kacan KesOeHreH, siFHU TaOaHbIHAAFbI €Ki JKakTbl Oypeimtapsl TeH. An K Hykreci AABC —
Ha 1TeH ChI3bUTFAH MIEHOCPIIH IIEHTPI.

O xone K nykrenepi BN Ty3yinig 6oiibiaaa sxataasl, ce6ed6i AABC TeHOYHipl ymOypsIi ekeHi
oenrini.

MOIl DK, ce6e6i MO sxone DK Ty3ynepi, mupamuaa koHE KOHYC TabaHAapbl >KaTKaH
KA3bIKTBIKKA IEPIICHIUKYJISP.

MOB apkpuibl ©TKeH *a3bIKThIK, MO xone DK mapamnensaepi apkplisl eteni, MyHaarsl MB
KOHYC >kacaymibichl 60ibim Tadbutael.(1-cyper) Conma, ocet MOB ka3pikThIFbIHA THiCTI D HYKTeci
KOHYCTBIH OYy#ip OeTiHe opHanacKaH, nemek MB koHyc jkacayiibicbIHA THICTI O0JIaIbl.

MOB AMOB~ADKB onoa 22 =28
DK BK

OB=R xonycTbhIH TaOaHBIHIAFBI PAJANYCHI OOJICHIH.

Onna AB=BC=2Rsin £BAC= 2Rsm(———) 2Rcos <.
SAABC:EAB sin LABC = E-4chos Esma =2R2c052%sin a.

ABKC (2-cypem) £CKB = % ¢/BCK = % ¢ACB =%

T+a

/BKC =m— («.CKB+ #«BCK) =1 I
BC _ BK
sin 2BKC sin 2BCK'

BC BCK _2R cos Zsin™=2% 2R cosZcosTEE

sin 2 P} a4 B3 a4 T+a

BK= = i a‘j = sinz’”“ *=2R cos— ctg—
4

sin ZBKC Sln(n—%

Konycteig kenemi V3 :g nR? - MO

. 1
[Iupamuganbiy kesemi V, = Saagc - DK
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n+a
Vi_ mR*MO _ mR?* 0B _ mR3 _ mtg——
Onpa —=

- a . - . - a .
Vo Saapc'DK 2R2C05255ma-BK 4R3cos3gctg¥sma 4cos3gsma

n+a
Ttg—,—

a .
4cos 3;51110:

XKayaOsr:

3-Ecen: J[lypeic ymOypwInThl HHpaMUaara CHIPTTAHl KOHE IMTeH TIK KOHYC CBHI3BUIFaH.
Iupamuna Guiktiri h=4 ,CEIpTTail CHI3BLIFAH KOHYC TaGaHBIHBIH Y3bIHABIFLI 1= /31 Gouca, chIpTTail
JKOHE IIITEH ChI3BUIFaH KOHYCTap IbIH KOJIEMIEPiHiH allbIpMaChIH TaOBIHBI3.

. . . 3
Il enryi: L=2 mR=+/3 ochl sKepieH CHIPTTAil CHI3BUIFAH MEHOEP/IiH PaIHyChiH TAbaMbI3 Rzg.

. . 3
Jypeic ymOyphIlIKa CHIPTTAll CBI3bUIFAH MIEHOEPIIH pPaJuyChIHBIH (POpMYyrachl RZ%apKme

3 L .
YIIOYpBIITEIH KaObIpFachlH Ta0aMbl3 a=, Jyppic ymOypspilika imTed ChbI3bUIFAH IIEHOEpAIH

paanychiHbIH (OPMYITachl :
(=3 _15V3_y3
T 6 6 4
V=_mR?H

HKOHyC =Hn1/1paMH;[a

VCprTTaﬁ C.KOHYC :§7T e 4=n

1 3
Vinrrei C.KOHyc_gﬂ —4 = ZT[!

VCprTTaﬁ CKOHyC ViLuTeﬁ cxonyc — 10— ZT[ = ZT[
3
KayaObr: 27

4-Ecen: KoHycka 1ITei ChI3BUIFaH MUpamMua TaOaHBIHBIH Oip KaOBIPFAChl @ KOHE KaJFaH YIII
KaObIpracel b-ra TeH 0osathiH TOpTOYpHIII. [Tnpamuma Tebdeci KOHYC JKacaylIbIChIHBIH 19J1 OPTACHIH/IA
opHanackad. KoHyc OWIKTIr1 MEH ’KacayIbIiChl apachlHIaFbl OYyphIT a-ea TEH 0oJica, OHAA MUPAMHIIA
KoJieMIH TaObIHBI3.

IMemyi: ITupamuna tabaneiHaarsl ABCD TepTOyphIlIbIHA CHIPTTall CBHI3BUIFAH KOHYCTBIH
TabaHbIHBIH paauychiH R nen amaitbik, AB=BC=CD=b,AD=a, F nykreci AC ,BD muorananbnap/siq
KUbLIBICHI . LZADF = [ 60sica, onoasFDC = £FBC = [ = AD || BC,4B = 180° -2 =

SABCD = SACD + SABC = %abSlmZﬁ +%b25ln2'8

bipak
. 2

Sapco="20 - sinzAFD = 2= sin2B(AC = BD, 2AFD = 180° — 2§) = AC = VbZ + ab,
. . _ AC

A ACD yuiiH cuHycTap TeopeMacsl 0oibIHIIA ,F\’—Zsm2 5

Ecen mapTel GoibIHIIA MUPAMUIAHBIH OUIKTIIT KOHYCTBIH OMIKTIIIHIH >KapThIChIHA TEH €KEeHI1

.. 1
Oenriil, SFHU 01 > Rctga ten =
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1 1 AC (40)?
Veagcp = gRCtga "Sapcp =T o5 ctga- —

. , _ctga .49 3
Py sin2f = 0 (b? + ab)2.

3
JKayaOsr: % (b? + ab):.

5-Ecen: IlupamupaneiH TaOaHbl KOHYCTBIH TaOaHBIHA IMITEH CHI3BUIFAH TIKOYPHIITHI YIIOYPHIMI.
[Mupamuna >xoHE KOHYCTBIH Tebenepi Oip HykTene Oerreceni. [TupamMumaHbiH €Ki KBIPBI TaOAHBIHIAFBI
TIKOYPBHIIITHl YIIOYPBHIITHIH KAaTETTEPIMEH JKacalThiH Oypbimbl o XaHe 3. [lupaMuaa MeH KOHYCTHIH
KeJIeMJICPiHIH KaThIHACKIH TA0BIHBI3.

Memyi: DO-kecinaici DABC nupamugacel MEH KOHYCTHIH OpTaK OWIKTIri 6osiceiH, O — meHOepain
ueHTpi , ABC TikOypbIIThl yIOyphIiKa chIpTTail chi3buranibikTaH O HykTeci AC rUNOTeHy3aHbIH
xapteickl . O HykTeciHeH TabaH xa3bIKThIFbIHIaFbl AB jxone BC  karerrepine OE sxone OF
neprneHauKyispiapeia cbizambi3 .Onma DE L AB,DF L BC coman 2DEO = o, £DFO = (3.

Erep DO — a,oumaADOE (£DOE = 90°): EO = DOctg+£DEO = arctgp.
ADOF(4£DOF = 90°):FO = DOctg+DFO = arctga.
AB =2-FO0 = 2arctga, BC = 2-EO = 2arctgp.

AABC(£ABC = 90°): AC = \/AB? + BC? = 2a,/ctg?a + ctg?p.
1

[IlupaMuJaHbIH TabaHbIHbIH ay/laHbl S = EAB - BC = 2a’ctga ctgp,

1 2
KesieMi V; = §S DO = §a3ctga ctgp.

1
KoHycTbIH TabaHBIHBIH paguycbl R = EAC = a\/(ctgza + ctg?p).

KeJsieMi V2:§T[R2 DO = inag’(ctgza + ctg?p)

€H/I1 KaThIHACTAPbIH Ta0aMBI3:

Vi _ 2ctgactgp
V,  m(ctg?a+ctg?B)
2ctga ct
KayaOsr: _2ctgactgh
n(ctg?a+ctg?p)

6-Ecen: [lypbic ymOypsITh THpaMUIaHBIH OYHIp KbIPBIHBIH €KDKAKThI OYphIIIbl 2 TeH. [ITupamMunara
CBIPTTal ChI3bUIFAaH KOHYCTBIH KOJIEMIH TaOBIHBI3 ,erep nmupamuia ouikriri h 6osca .

M emyi: ABCD Ilupamunganbiy Oyitip KbIpbl TabaH *Ka3bIKTHIFBIMEH (@ OypbIl xkacar sxoHe Taban ABC
JYpBIC YIIOYPBIIITHIH KaOBIPFAchIH a TEH Jel ajbii ,A HykTteciHeH CD ra AFniepneHauKynsap TyCipeHik.
Erep O- TaGanbiHbiH 1eHTpi Ooisica ,0HAa DO=h nupamupaneiy Ouiktiri. OC Ty3y CBI3BIFBI
MUpaMHUIaHbIH jka3birbiHa Kenbey CD oproronans npoekuusicel . COL AB OonFaHABIKTaH, OHAA YIIT
NepreHIuKIspaap Teopemacel Ooiibiaia CDL AB.

Ocpunaiiia,CD 1y3yi AFB ymOypeInIbIHBIH Ka3bIKThIFbIHA KUbUIBbICATHIH ekl AF ,AB Ty3ynepine
neprneHaukynsap. byn CD ChI3BIFBI OCBI JKa3bIKTHIKKA MEPIEHIUKYIAp AereHal oingipeni. CoHAbIKTaH
AFB nupamuaanslg Oyiip KeipbiHAarsl CD eki KbIpisl OypbIITHIH ChI3BIKTHIK Oypeimisl ABCD . Ecen
maptel 6oibiHIa ZAFB = 2a. AFB Ten kaObipransl yimiOypsiuteiHF M OUIKTIT OHBIH MEAMaHACKI MEH
6uccextpucacbl. COHIBIKTaH

a
MF = AMctg2AFM = 5 ctga
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E
MF = CMctgsMCF = — " sing

a . _av3
5 " ctga =——"sing
, ctga

Singy =
LV

cosp = /1 — sin?p= / —ctg a,

ctga
sing _ ctga

cos \ll—gctg « \/3 —ctg?a’

tgp =

COD TikOyphIIITH YIIOYPHIIITaH MbIHAHBI TA0AMBbI3
_ 0D _hy/3-ctg?a
tgp ctga

r:OC:ILB—Ctgzac.

ctga
1 1
~mh3(3—ctg?a) -mh3(3tg?a-1)
— Tl,'T'Zh — 3 =3

ctgla 3

1
¥ayab6bi: §nh3(3tg2a -1)

KopbIThIHABI

[lupamua MEeH KOHYCTBIH KOMOWHANMSCBIHA OaiJIaHBICTBI KYPJENi ecenTepil Tajugal Keme
TOMEH/IET1/Iel KOPBITHIHIBLIAP alTyFa 00JIa bl
1. Byn OarpITTarbl Kypaesi ecenTepl Ienry yiriH opoip GurypaHslH )Keke KaCHEeTTepiH TepeH Oimy
Kepex.
2 .Jlupamuaa MeH KOHYCTHIH KOMOMHAIMSICHIHBIH KaH/ail JkaFaaiap/a Ky3ere aca alaTbIHAbIFbIH OLTy
Kepex.
3 by GaFbITTaFbl ecenTepil SNy YIIiH OKYIIBUTAPIbIH KeHICTIKTI Oilay KaOUIeTi. SsFHH erep nupaMuaa
KOHYCTBIH 1IIiH/e 00JIca. OJIapAbIH OUIKTIKTEPIHIH TYCY HYKTENIEepi KaObIpFajlapbIHBIH OpHAJIACy JKykeci
TaOaHBIHAAFbI IIICHOEPTe IIITEH ChI3bUIFaH KOTIOYPHIITHIH ITapaMeTpIiepi IeTeH CHaKThl MOceIIeIep Il KO3
aJJIbIHA eJecTeTe alaThIHAal O0Tybl KasKeT.
4. by xarmainap/pl jKy3ere achlpyAblH OipeH Oip KOJbI XKATTHIFY ,SFHU OChI OAaFBITTarbl dp TYPJIi
TarceIpMaap/bl KONTeN OPbIHIAY e TOMIIBLIARMBI3.
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XUMUAHBI OKBITY JAFbl HTHHOBALIUAJIBIK TOCIUIAEP: KA3IPT'I MEKTEIITEI'T
STEM TEXHOJIOTI'UsAICBIHBIH, POJII

Anparna. Makanana Ka3ipri MEKTenTe XUMHUSHBI OKbITyaFbl STEM TeXHOJIOTHSCHIHBIH o
TanKbUIaHaAbl. BupTyannel 3epTxaHasiap MEH MHTEPAKTHUBTI KOCHIMINIAJAp, OJapJbIH OKYy MpOIeciHe
ocepl JKOHE OKYIIBUIAPJBIH MOTHBAIUSCHI CHUSIKTBI apTHIKIIBIIBIKTAD MEH WHHOBALMSIIBIK OIICTEp
KapacThIPHIIa/IbI.

Tyuinai ceznep: STEM TtexHonorus, 3D Mopenb, BUPTyalabl 3€pTXaHa, WHHOBALHSUIBIK
TEXHOJIOTHSA

STEM TexHonorusiapsl (FhUIBIM, TEXHOJIOTHS, MH)KEHEPHS >KOHE MaTeMaTuKa) Kasipri OuriM
Oepyne, acipece KapaTbUIbICTaHy FhUIBIMIAPbIHAA ISy pesl aTkapaabl. Onap OKylIblIapFa HaKThI
FBUIBIMHU TIPOIECTEPTe €Hyre MYMKIHIIK Oepin, MHTEPAaKTHBTI OMICTEP apKbUIbI TIKIPHOE JKacayra,
3epTTeyre KOHE YHPEHYre MYMKIHIIK Oepei.

Xumusabl okpITYZa STEM TexHOMOTHSIaphIH KOJIAHYABIH 0acThl apTHIKIIBUIBIKTAPBIHBIH Oipi
- XUMMSUIBIK TIPOIIECTEp/l BHU3YyaIHM3allMsiay MYMKIHIIT. 3amaHayd OarmapiaMaiiblK  Kypayijaap
MoOJIEKyJIajJap MEH peakiusiapabsiH 3D Mozenbaepin kacayra MyMKIHIIK Oepefi, Oyl OKy MpoIieciH
TYCIHIKTI eTei. MbIcayibl, BUPTYyaJIIbl 3epTXaHajJap/blH KOMETIMEH OKYIIbLIap JACHCAYIBIKKA Kayirl
TOHAIPMEN KoHE XUMUSIJIBIK PEareHTTEePre IBIFBIHCHI3 SKCIIEPUMEHTTED XKYprize anaabl. UHTepHerreri
wiargopmanap MeH MOOWIIbA1 KOCBIMINIATap/ bl KOJJaHa OTHIPBII, XUMUSHBI Ke3-KeIr'eH JKepAe JKoHE
Ke3-KEJIFeH YaKbITTa MHTEPAKTUBTI cabaKTapra, TECTTEpre KoHE OKY pecypcTapblHa TETiH KOJ KETKi3e
anazapl. ¥ ChIHBUIFAH CH Maiiaaisl e-learning-6araapiaManapabie Ti3iMi:

e OwunaiiH KypcTap MeH BeOMHapiap/ sl KypyFa apHanraH Oarnapnamanap: Articulate 360, iSpring,

Adapt Learning, Moodle, MyOwnConference.

o Dbeiinenep MeH nmpe3eHTanusuIap xkacayra apuairan Oarnapnamanap: EdPuzzle, PowToon, Loom,

Prezi, Canva.

e CrimbinTel backapy: Class Dojo, Classcraft, No Hands, jamboard.

e UnurepakTtuBTi Taktamap: Whiteboard.fi, Limnu, Conceptboard, AMP board.

e byurte cakray: Google Drive, Dropbox, Skydrive, Sanekc./luck.

e (CayanHama »oHE TeCT TalchlpMalapblH jkacay: Learningapps, Wordwall, Survio, Kahoot,

Quizizz.

Xumusasl okbITya STEM TexHONOTUSIIAphIH KOJaHy OOMBIHINA )KYMBICBIMBI3IBIH Oip Oeiri
peTiHme aWTapibIKTall MPaKTUKAIBIK apTHIKIIBUIBIKTAD OepeTiH MHHOBAIUSUIBIK OMicTepAl OenceHai
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KoJiIaHbUIaabl: 1. Bupryanasl 3eprxananap. XUMHSJIBIK SKCICPUMEHTTEpP JKYPridy YLIIH BUPTYaJ bl
3epTXaHaiapabl >koHe 3D MopenbaepiH KOJJaHbUIAABI, Oy OKYyHIbUIApFa OpTYPJl XUMHSUIBIK
nporecTepii Kayirncis )koHe TUIM/II 3epTTeyre, HOTIKEIEp i TallayFa KoHe SpTYPIIi 3aTTap apachIHIarbl
0aiIaHBICTHI 3epTTEyre MYMKIHIIK Oepeti.
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1-cyper.Bupryanasl 3epTxaHa

2. UurtepaktuBTi KochiMimanap. OKylIbuIapFa XUMUSIIBIK YFBIMJIAPABl TEPEHIPEK YHpEeHyTe
KOMEKTECETIH MHTEPAKTUBTI KOoJmaHOamapapl OesICeHal KOoJaaHbUIaael. by KoceMmmiamap opTypdi
MaTepuaiapra, COHbIH IIHIE TeCTTepPre, TarchlpManapra, IPoIeCcTePIiH IeMOHCTPAlIUsIIaphIHA KOHE
WHTEPAKTHUBTI cabakTapra KOJI )KEeTKi3yre MyMKIHAIK Oepeni. OKymibuiap Matepuaiaapasl o3 OeTiHIIe
3epTTed anajpl, OUTIMAEPIH TEKCEpe aylajbl KoHE Kepi OalimaHbIC ajia ajnajbl, OYJI OJap/blH OKYBIH
alTapJbIKTAN )KaKCcapTaibl.

(PSR Kahoot! |
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2-cypet. XUMHUSIIBIK YFBIMIAPAbl TEPEHIPEK YHPEHYTEe KOMEKTECETIH MHTEPAKTUBTI KOJI1aHOanap

3. JKoOanwlKk TamceipManap. XHUMHUS CaJlaChbIHJArbl HAKThl MAcelieJep MEH KHBIHIBIKTapFa
HETI3JIeTeH JK00aNbIK TarncelpMaiap eHrizinal. Mekrenrte skacansiHFan «ECO bomamraky »xo0achl
apKbUIbI OKYIIBUIAP/IbI TAIIChIPMaIap/Ibl MICIy, )K00anap bl 931ipiiey KoHE 3epPTTey HOTUKEIIEPIH YChIHY
yurin STEM TexHoJorusuiapbit naianana OThIPhII, TONTapAa )KYMBIC ICTEY/I1 IaFAbUIaHa b, all OyI1 3
Ke3eriHJe TEOpHUSIBIK OUTIMII MpakTHKaZa KOJJaHyFa JXOHE Y)KbIMIA >KYMBIC ICTEY JaFblLIapblH
JaMBITYFa MYMKIHJIK Oepei.
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Ochl MpakTUKANBIK acHeKTUIepiH Oapiblfbl OKYLIbIApFa XUMHSHBI TEPEHIPEK >KOHE TOJIBIK
TYCIHYT€, CHIHU OMJay/bl JaMbITyFa KOHE alfaH OUTIMAEPIH ic JKY31HJe KOoJaHyFa MYMKIHJIIK Oepe/i,
OoJamak FUTBIMU MaHCAIKA COTTI JAWBIHIATY IBIH KUIT1 OOJIBIT TaObLIa/Ibl.

KopsITeiHibI1aM Kene, XumMusiibl oKpITy1a STEM TexHomoruanapbid Kojiany OyTriHri TaHia oKy
MPOLIECIHIH THIMAUIITIH apTTHIPBIN KaHa KOWMai, OKYIIbUIAPAbIH JaFblIapblH JaMbITY/1a STy pel
aTKapajpl. BupTyannpl 3epTxaHanap MeH MHTEPAKTUBTI KOCBIMIIANAP CUAKTHl MHHOBALUAJIBIK SJIICTED
OKYUIBIJIAP bl KBI3BIKTBIPBIN, COHBIMEH KAaTap OKBITYJIbl JapallaH/IbIpyFa *KoHe 3aMaHayd aKMapaTThIK
KOFaMFa COTTI OeiMeny YIIiH KaKeTT1 JAaFapliapAbl 1aMbITyFa bIKMan ereni. Ochuiaiima, XUuMUSHBI
okpITyia STEM TexHoNOTrHsUIapblH KOJI/IaHy FBUIBIM MEH TEXHOJIOTHS CajlaChlHIAFbl KY3bIPETT] jKoHE
OoJanmakka JaiiblH MaMaHIapbl KATBITITACTRIPYFa BIKMAJI €TETIH 3aMaHayHn OuTiM Oepy/iH akblpamac
OeJriri OOJIBIN TaOBLIAIE.
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CHALLENGES OF CHEMISTRY TEACHERS IN SCHOOLS

Abstract. The STEM education system is one of the most important areas in demand for the 21st
century. (M. Biasutti and H. EI-Deghaidy, 2014) However, the full implementation of Stem education in
the field of education is currently causing some difficulties for school teachers, school heads, and
administration. In the study of this issue, since chemistry is one of the 4 subjects included in the
integrative STEM education system, the main attention was paid to the works of scientists who study the
problems encountered in STEM education in general. In the research work, more than 10 articles of
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foreign scientists studying the general field of STEM education were reviewed and about 9 problems
faced by chemistry teachers in STEM education were identified. The article used the literature review
method of research.

Key words: STEM education, Challenges of STEM education, Chemistry teacher

Introduction

Development of various skills of schoolchildren, realizing modern interests, allows training of
intelligent and competitive specialists. Concurrent development and systematic learning in core academic
areas such as science, mathematics, technology, and engineering are critical to an integrated STEM
education. Currently, chemistry as a subject cannot fully realize the actual goals of integrative STEM
education. In the course of identifying the problems faced by chemistry teachers in integrative Stem
teaching, some scientific literature was studied and analyzed. Nadelson and Seifert (2017) discussed
developing interdisciplinary lesson plans, lab experiments, technology-based learning tools, or online
platforms for learning materials, while Shernoff, D. J., Sinha, S., (2017) suggested that teachers only
have one issue such as educational orientation, training of stem teachers are considered. This theoretical
study aims to explore the challenges faced by chemistry teachers in Integrative STEM teaching.
Identifying these issues is important because it allows for the improvement of pedagogical practices and
contributes to the advanceme nt of STEM education. Additionally, it aims to identify and dissect specific
barriers chemistry teachers face when integrating STEM subjects. Based on these given facts, | will study
the level and relevance of these issues in Kazakhstan.

Theoretical part

It is true that the full implementation of Stem education in the field of education is currently
causing some difficulties for school teachers, school leaders and administration. Since chemistry is one
of the 4 subjects included in integrative STEM education, | recommend paying attention to the works of
scientists who study the problems encountered in STEM education in general.

Vietnamese scientists Le, L. T.B., Tran, T.T. and Tran, N.H. (2021) described in their article the
challenges faced by Vietnamese chemistry teachers in teaching STEM. The study was conducted through
interviews and questionnaires with teachers in Vietnam. The results of the study showed that there are 4
different problems. In particular, there is insufficient knowledge of teachers in Integrative Stem teaching,
insufficient curriculum and materials, and insufficient time and space, special resources. The same
problems in the studies of K. Margot and T. Ketler (2019). K. Margot and T. Ketler studied 25 articles
in this direction during the research and classified all the problems encountered into 6 groups. They are
pedagogical challenges, curricular challenges, structural challenges, student concerns, assessment
concerns, and teacher supports. The following work by J. Shernoff, S. Sinha (2017) addresses the
following questions for teachers. The cited article aims to identify challenges and needs in promoting
integrated approaches to STEM education. Using a key informant approach, 22 K-12 teachers and four
administrators were interviewed as potential leaders in STEM education in an unknown state on the east
coast of the US. The research results showed the following new problems in addition to insufficient
teacher education: insufficient time for lesson planning, school structure and organization, state testing,
assessments for STEM achievement, perceived lack of resources, and teacher education. In addition, the
study participants provided specific recommendations for teacher education needed to strengthen
integrated STEM education. The next research paper is an article by Buber A. (2023), this study explored
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the experiences and perceptions of 20 third year science teachers involved in STEM practices in a Turkish
public university. The study addressed three main questions: (1) What are the attitudes of STEM teacher
candidates? (2) What benefits and challenges did they experience during their STEM experience? (3)
How do they perceive STEM education and its implications for students and teachers? A qualitative case
study approach was used to gather insights from the PSST. Content analysis was used to analyze the
collected data. As for the results of the research, the most frequently mentioned problems in the research
were 32% - Difficulty with time management, 12% - Insufficient materials, 10% - Challenges in
classroom management.

Nadelson, L. S., & Seifert, A. L. (2017) address the same issues in their article. In the paper,
scholars consider the advantages and disadvantages of integrative and distributed STEM teaching in
general. The authors, noting the difficulty of teaching 4 subjects together in Integrative STEM education,
put forward critical issues such as creating a curriculum in STEM education, organizing evaluation and
teaching, and teachers' knowledge and professional thinking. The work of H. El-Deghaidy and N.
Mansour (2015) is the first study to describe the STEM education system in Saudi Arabia. This research
work aims to identify the factors that facilitate and hinder STEM education. Teacher reflection and
interview protocol were used as research tools. 21 teachers from 21 different schools in Saudi Arabia
participated in the study. According to the authors, there is no concrete plan for integrative STEM
teaching in Saudi Arabian schools, but all conditions are created in the laboratory for practical teaching
of science subjects. And the plan of the work to be done in the laboratory, the curriculum has not been
started. Based on these factors, we can consider curriculum and curriculum as a problem.

Summarizing the above information, teachers and education system in STEM education were
somewhat discussed in the works of the above-mentioned scientists, and a literature study was conducted.
Based on this, the purpose of this research work was to determine the problems of chemistry teachers in
STEM education by studying the works of foreign and domestic scientists. Two research questions
guided the research: (1)What are the main problems in STEM education? (2) What are the problems of
chemistry teachers in integrated STEM teaching?

Methodology

A literature review research method was used to carry out the research. About 20 works of foreign
and domestic scientists written on STEM education were studied. These articles were about the Stem
education system, the common mistakes made in Stem education, the shortcomings of current Stem
education and the problems faced by teachers. Research works of scientists were taken from the Google
Scholar platform. Keywords such as STEM education, problems in the STEM education system, and
problems of chemistry teachers in STEM education were used to search for the article. The scientific
articles were shown in the following table (Table 1). Each challenge or issue was presented with
frequency and percentage calculation as analysis method.

Article Number
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Buber, A., 2023; El-Deghaidy, H., & Mansour, N., 2015; Lee, M. H., Chai, C. S., | 10 articles
& Hong, H. Y.,2019; Le, L. T. B., Tran, T. T., & Tran, N. H., 2021; Margot, K.
C., & Kettler, T.,2019; Nadelson, L. S., & Seifert, A. L., 2017; Oztay, E. S.,
Aydin Gunbatar, S., & Ekiz Kiran, B., 2022; Shernoff, D. J., Sinha, S., Bressler,
D. M., & Ginsburg, L., 2017; Shidig, A. S., Permanasari, A., & Hernani. (2020,
March); M. Biasutti and H. EI-Deghaidy., 2014

Table 1. Presentation name of the searched articles

Result

After a comprehensive study of the data, 8 different problems faced by chemistry teachers in
STEM teaching were identified. The results of the research work are shown in table 2. The table provides
a breakdown of the various issues and research articles in STEM education, along with their frequency
and percentage in the literature. Among the identified problems, the most common are Lack of a
curriculum framework (60%) and Teachers' knowledge and professional thinking (60%). This result
indicates that the main problems in STEM teaching are the lack of curriculum and teachers' knowledge.
And the least common problems Insufficient time for lesson planning (10%), Insufficient time for lesson
planning (10%) do not require research or do not mean that these problems do not exist.

Problems Article name Frequ | Percen
ency tage
1. Assessment concerns Le, L. T.B., Tran, T. T., & Tran, N. H. 3 30%

(2021); Margot, K. C., & Kettler, T.
(2019).; Shernoff, D. J., Sinha, S.,
Bressler, D. M., & Ginsburg, L. (2017).

2. Challenges in classroom Buber, A. (2023); Nadelson, L. S., & 3 30%
management, organizing | Seifert, A. L. (2017); EI-Deghaidy, H., &
evaluation and teaching Mansour, N. (2015).
3. Difficulty with time Buber, A. (2023). 1 10%
management
4. Inflexible school Le, L.T.B., Tran, T. T., & Tran, N. H. 2 20%
structure and (2021); Shernoff, D. J., Sinha, S.,
organization Bressler, D. M., & Ginsburg, L. (2017).
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Problems Article name Frequ | Percen
ency = tage
5. Lack of a curriculum Le, L. T.B., Tran, T. T., & Tran, N. H. 6 60%
framework (2021); Margot, K. C., & Kettler, T.
(2019); Shernoff, D. J., Sinha, S.,
Bressler, D. M., & Ginsburg, L. (2017);
Nadelson, L. S., & Seifert, A. L. (2017);
El-Deghaidy, H., & Mansour, N. (2015);
Oztay, E. S., Aydin Gunbatar, S., & Ekiz
Kiran, B. (2022).
6. Insufficient time for Shernoff, D. J., Sinha, S., Bressler, D. M., 1 10%
lesson planning & Ginsburg, L. (2017).
7. Teaching materials and Le, L. T.B., Tran, T. T., & Tran, N. H. 2 20%
resources (2021); Shernoff, D. J., Sinha, S.,
Bressler, D. M., & Ginsburg, L. (2017).
8. Teachers' knowledge and Margot, K. C., & Kettler, T. (2019); 6 60%
professional thinking Shernoff, D. J., Sinha, S., Bressler, D. M.,
& Ginsburg, L. (2017); Nadelson, L. S.,
& Seifert, A. L. (2017); EI-Deghaidy, H.,
& Mansour, N. (2015); Shidig, A. S.,
Permanasari, A., & Hernani. (2020,
March); Lee, M. H., Chai, C. S., & Hong,
H. Y. (2019).
9. STEM cannot be applied Shidig, A. S., Permanasari, A., & 1 10%
to all chemistry materials Hernani. (2020, March).

Conclusion

At the end of the study, 10 different articles written in the field of STEM education were studied,
and 8 different problems faced by chemistry teachers in STEM education were identified. As the main
ones, we can consider such critical issues as Assessment concerns (30%), Challenges in classroom
management, organizing evaluation and teaching (30%), Lack of a curriculum framework (60%),
Teachers' knowledge and professional thinking (60%). As a solution to these problems, | propose the
preparation of model STEM education programs and lesson plans for general education schools and the
preparation of special qualification courses that teach STEM education.
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EFFECTIVENESS OF HANDS-ON CHEMISTRY EXPERIMENTS IN HIGH SCHOOL

EDUCATION

Abstract. Practical laboratory work is essential to secondary school education, especially when

it comes to chemistry and other related disciplines. This study assesses how well-developed skills, piqued
scientific curiosity, and improved learning outcomes are all achieved through hands-on chemistry
activities.
education schools through the use of a mixed-method technique that combined questionnaires and
interviews. The majority of students confirmed that laboratory work helps with memorizing, improves
enjoyment of chemistry, increases motivation, and improves general attitude towards the topic. The
results show that these comments were overwhelmingly positive. Despite these advantages, problems
including a lack of resources and equipment keep hindering thorough practical training. Ensuring fair
access to high-quality education requires addressing these issues. This study highlights the importance
of innovative teaching approaches and adequate resources to promote student engagement and success
in science and technology.

In Kazakhstan, data was gathered from 75 students in the 10th and 11th grades of state general

Keywords: Hands-on laboratory work, Practical Chemistry, Chemistry

Introduction
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Education in every country aims to develop literacy and advance science, marking a country's
development. Science courses, particularly chemistry, are beneficial to students and society. Chemistry
covers both theory and practice and for this reason, learning labs are designed in such a way that they
support and enhance the process of finding and synthesizing ideas and materials (O'Connell, 2013). This
means the laboratory must be well-equipped with the necessary equipment for effective learning. This
study examines the effectiveness of practical chemistry experiments in secondary schools for skill-
building and fostering scientific interest.

There is however a growing debate about the effectiveness and input of laboratory activities in
fulfilling today's major purpose of science education, which is not to acquire scientific knowledge but to
create it.

Despite this controversy, Schramm (2013) asserts that well-planned laboratory activities facilitate
the development of a relevant learning environment intended to achieve this goal. The uniqueness of the
laboratory work is demonstrated by the creation of a learning environment that favors both practical and
mental activities. To (Osborn and Dillon, 2010), the experience obtained through experimental work
provides a lasting impact on the minds of the students. This allows the teacher to inculcate various skills
in the scientific process. Science laboratory plays an important role in helping us to change the learning
environment where students, working in small groups, improve their understanding of scientific
concepts, inquiry skills, and scientific attitude by investigating scientific phenomena (Hofstein &
Lunetta, 2003).

Despite the debate surrounding the role of laboratory activities in contemporary science
education, well-planned experiments are advocated for creating a conducive learning environment,
promoting practical and mental engagement. However, in Kazakhstan, schools face challenges such as
equipment shortages and limited resources, hindering comprehensive practical education. Rectifying this
requires concerted efforts from educational authorities to ensure adequate resources for laboratory work.

Practical chemistry experiments enhance knowledge and cultivate skills vital for success in
science and technology careers, such as data analysis and problem-solving. They catalyze students'
interest in science, particularly in a world increasingly reliant on scientific and technological innovations.
Improving practical chemistry education in secondary schools enhances education quality and fosters a
competitive scientific community capable of addressing contemporary challenges. This paper delves into
the efficacy of teaching chemistry through practical work settings.

Literature review

In modern education, the integration of technology into traditional teaching methods has become
one of the most important trends, especially in science education.

The effectiveness of virtual laboratories compared to paper-based laboratories in developing
practical skills in chemistry has attracted considerable interest. This very issue was addressed in a study
by Manyilizu, M. C. (2023). The author discusses research on the effectiveness of virtual laboratory
experiences compared to paper-based experiences in improving hands-on chemistry practical skills in
Tanzanian secondary schools. It highlights the challenges faced due to the lack of physical laboratory
resources and the benefits of virtual laboratories in enhancing student learning outcomes. The study
emphasizes the importance of practical sessions in science education, especially in STEM subjects, and
suggests that virtual laboratories can complement traditional hands-on labs, offering flexibility, cost-
effectiveness, and enhanced learning opportunities for students.
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These studies provide valuable insights into the effectiveness of different teaching
methodologies, especially in chemistry education, shedding light on the potential benefits and challenges
of hands-on experience. For instance, lyamuremye, A., Nsabayez, E., Ngendabanga, C., & Hagenimana,
F. (2023) analyzed the impact of hands-on chemistry activities on students' academic performance,
engagement, and experience. For this purpose, a descriptive method and a mixed research design
including a chemistry test and a survey with a variety of questions were used.

The findings indicated a high level of student engagement and positive experiences related to
practical chemistry classes. The intervention resulted in statistically significant changes in students'
academic performance. However, no statistically significant differences were found in the study results
based on gender or type of student's school.

The study also identified certain challenges to effective hands-on chemistry classes, including
lack of chemical reagents, limited laboratory equipment, limited laboratory space, and insufficient time
allocation for hands-on activities. The authors suggest providing additional equipment, utilizing local
resources, and increasing laboratory time as possible solutions.

An equally relevant study was also conducted by Adkins, D. G. (2020) in which she investigates
the effect of laboratory experiments on students' attitudes and interest in science through various tests
and analyses. The results indicate positive outcomes of hands-on activities and potential problems with
computer simulations. The study aims to increase understanding of science education and the importance
of hands-on experience. The study highlights the importance of hands-on learning in developing positive
attitudes and interest in science in students. The study examines the definition of science, scientific
hypotheses, and theories, stressing the importance of empirical evidence in scientific inquiry and the
development of valid explanations.

Also, Hensen, C., & Barbera, J. (2019) explore the role of hands-on and simulation experiments
in improving students' understanding of physical chemistry concepts and demonstrate a significant
improvement in student performance when using these methods. The article emphasizes the importance
of incorporating these active learning strategies into the teaching of chemistry to promote better student
engagement and understanding of the material. The study also highlights the positive impact of peer
collaboration and meaningful discussions during experiments, leading to improved learning outcomes in
physical chemistry courses. Furthermore, the article highlights the potential of these interactive
approaches to develop students' critical thinking skills and deeper conceptual understanding, which
ultimately contributes to their success in chemistry.

According to this literature review, our article aims to evaluate the effectiveness of hands-on
experiments in high school chemistry, in particular, to investigate their impact on skill development,
student interest, and overall learning outcomes.

The main research question is: What is the effectiveness of hands-on chemistry experiments in
secondary school to develop skills, increase interest, and improve overall learning outcomes in the
subject, especially when dealing with problems such as lack of equipment and limited resources?

Methodology

3.1 Research methods

This research uses a mixed method combining questionnaires and interviews. The survey will
be administered to secondary school students of secondary schools in Kazakhstan to assess the current
status of practical experiments in chemistry. Survey will be conducted with 10th and 11th-grade
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students. The collected data will be analyzed to evaluate the effectiveness of practical chemistry
experiments in secondary schools and recommend their improvement.

3.2 Sampling

The study involved 75 students of 10th and 11th grades of state general education schools in
Kazakhstan. Using a mixed method combining questionnaires and interviews, the study evaluates the
effectiveness of practical experiments in chemistry. The data obtained will serve as a basis for
recommendations to improve the effectiveness of these experiments in secondary schools. Ethical
standards were followed during the data collection process to ensure the confidentiality and informed
consent of the participants.

3.3 Data collection

In research, surveys were conducted to assess the effectiveness of practical chemistry
experiments. In addition, individual students were interviewed to gain a deeper understanding of their
experiences. The survey questions were about laboratory and practical work in chemistry, and the
interviews included the process of learning, and engaging with the subject matter.

3.4 Data analysis
During data acquisition, the data was analyzed to obtain the result. The table below shows the
questions and answers of students in percent depending on the response option.

Result

If we analyze the statistics obtained during the survey and interviews, we get the following
results:
93,33% answered "yes" to the question - Do you think that laboratory work helps to memorize the
material better than theoretical classes only?
82,67% answered "yes" to the question - Do chemical experiments make learning chemistry more fun?
76% answered "yes" to the question - Do chemical experiments influence your motivation to study
chemistry and your general attitude towards the subject?
88% answered "yes" to the question - Do chemical experiments influence your memorization and
application of theoretical knowledge of the subject?

Questions Answers 75
1. How often do you Once aweek [ Once a month Rarely Almost never
conduct chemical
class?
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2. Do you think that
laboratory work helps you
to memorize the material

better than theoretical

study alone?

Yes
(93,33%) 70

No
(6,67%) 5

3. What difficulties do you
experience when
performing chemical
experiments at school?

Lack of Lack of
experience practical work

(25,33%) 19 | (34,67%) 26

No basic I don't find it
knowledge difficult

(22,67%) 17 | (17,33%) 13

4. Do you feel that doing
chemistry experiments at
school helps you to be
better prepared for future
career opportunities in
chemistry?

Yes
(70,67%) 53

No
(29,33%) 22

5. How would you rate
your overall motivation
and interest in learning
chemistry after doing the
hands-on activities? (From
25 to 100)

25

50

(9,33%) 7 | (18,67%) 14

75 100
(34,67%) 26 | (37,33%) 28

6. Do you think that doing
chemistry experiments
helps you better
understand the role of
chemistry in everyday life?

Yes
(49,33%) 37

No
(50,67%) 38

7. Do chemical
experiments make learning
chemistry more fun?

Yes
(82,67%) 62

No
(17,33%) 13

8. Do chemical
experiments affect your
motivation to learn
chemistry and your general

Yes
(76%) 57

No
(24%)18
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attitude towards the

subject?
9. Does conducting Yes No
chemical experiments (88%) 66 (12%) 9

affect your memorization
and application of
theoretical knowledge of
the subject?

According to the obtained data, we can say that laboratory and practical works are interesting and
exciting, which increases the involvement in the subject and helps to remember the principles of action
and theory of chemistry, and this contributes to good memorization of the material and the program. To
all this can also be added an increase in motivation to learn chemistry and a general attitude towards the
subject. In parallel with these data, we also learned that most schools do not organize this kind of class
for various reasons. The most popular ones are:

- No necessary equipment
- Shortage or lack of chemical reagents
- No provision for laboratory work

During the interviews, we also found that without practical work, the process of learning
chemistry is still not very interesting, and teachers are still monotonous in the teaching process, and
innovations in teaching are not changing in line with technological advances. And conducting lessons
using laboratory work was something new to them and students felt clarity and interest in the subject.

Conclusion

In summary, this study emphasizes the crucial role of practical chemistry experiments in the
secondary school learning process. The results confirm that laboratory work significantly enhances
learning: the vast majority of students report that it promotes memorization, makes chemistry more
interesting, increases motivation, and improves their overall attitude toward the subject. However,
despite the obvious benefits, the study has identified serious problems preventing the widespread
adoption of hands-on experiments, including lack of equipment and resource constraints. Addressing
these obstacles is critical to ensuring equitable access to quality education. In addition, the study
highlights the need for innovative teaching approaches to keep pace with technological advances and
promote student engagement. By prioritizing hands-on chemistry learning and overcoming existing
barriers, teachers can create a dynamic learning environment that fosters scientific curiosity and equips
students with the necessary skills to succeed in science and technology.
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ISSUES OF THE INTEGRATIVE STEM LESSON FOR SCHOOL

Abstract. This study was designed to determine the level of STEM integration, particularly in
chemistry lessons, and what difficulties/benefits this action may have. The study included 18 articles by
different authors on different topics, but with one goal - STEM integration. The result showed that out
of 18 articles, 16 partially contain the idea of integrating STEM methodology. In particular, 7 articles
were designed to integrate STEM in high school. the rest were intended for teachers in general. None of
the articles were intended for elementary school.

Keywords: STEM education, integrated STEM in school

Introduction

In modern education, there is a gap between traditional teaching methods and the needs of modern
society. As the study shows, many schools and educational institutions still adhere to the lecture
approach, ignoring the principles of active and practical learning. (Felder, R. M., & Brent, R. 2024).
However, in a dynamically changing world, where the skills of applying knowledge in practice and
solving real problems are in demand, standard teaching methods become ineffective. In this context, stem
education plays a key role, combining science, technology, engineering and mathematics into a whole
educational process. This research is aimed at developing software for teaching the basics to school,
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taking into account that it can contribute to the development of critical thinking, new methods of problem
research and creativity. The basis of this approach is the constructivist philosophy of learning, which
emphasizes the importance of active interaction of students with educational material. In addition, in the
context of modern educational requirements, special attention is paid to the integration of technologies
that not only facilitate the learning process, but also develop digital literacy, which is necessary in the
modern information society.

Literature review

Implementation of stem in school play vital role in creating advanced education at all. And to
reach this goal for example | took an article of Roehrig, G. H., Dare, E. A., Ring-Whalen, E., &
Wieselmann, J. R. (2021). This work was carried out to research integrated STEM curricula. It created
conceptual flow charts (CFGs) for 50 such programs to categorize and understand the nature of
curriculum integration and coherence. The study identified four main types of integrated STEM
programs: scientifically coherent units with a vaguely related engineering assignment (EDC), units
focused on engineering design with limited connections to scientific content, units where engineering
design is used as a context for scientific content, and fully integrated and coherent STEM units. The
findings indicate that engineering practices can serve as a contextual integrator within the STEM
curriculum, and the use of EDC provides the potential for conceptual integration, since engineering is
based on the application of science and mathematics.

Also, in opinion of Jamal, S. N., Ibrahim, N. H., Surif, J., Suhairom, N., Abdullah, A. H., &
Jumaat, N. F. (2017) make a study about understanding STEM in Chemistry in their region and their
study was conducted among 20 chemistry teachers in order to identify their understanding of STEM
education and develop a teaching strategy in accordance with this understanding. The study was
conducted in eleven schools in Malacca County and used the Tengah approach and qualitative research
methodology. Open-ended questions were used to collect data, which were analyzed using thematic
analysis. The results showed that most teachers defined STEM education as the integration of science,
technology, engineering and mathematics. However, some of them did not feel confident in
understanding or implementing STEM education into their practice. This study aims to highlight the
importance of STEM education in modern education and help teachers and students better understand
and implement it in the learning process.

According to methods of introducing STEM chemistry in school Fitriyana, N., Wiyarsi, A.,
Pratomo, H., & Marfuatun, M. (2024) make research in Indonesia and they notice that The various goals
facing secondary schools and vocational schools in Indonesia play an important role in shaping the
preparedness of chemistry teachers to use the STEM approach in their work. Despite this, both high
school chemistry teachers (HSCT) and chemistry teachers in vocational schools (VSCT) should be
positive about STEM, as it offers students a more meaningful study of chemistry. This study examined
the views of chemistry teachers on the potential of STEM learning in their classrooms. 131 chemistry
teachers from Indonesia participated, the study was conducted using a saturated sample method. The
STEM Perception Scale (PC-STEM) was used to collect the data. The results showed that both HSCT
and VSCT are positive about STEM. This means that integrated STEM learning can be successfully used
in chemistry lessons in both categories of educational institutions. However, no statistically significant
differences were found in the views of HSCT and VSCT on the use of STEM in chemistry teaching.
Despite the positive attitude, both groups of teachers noted a lack of experience in using STEM in
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chemistry lessons. Thus, in order to successfully integrate STEM-based chemistry education, chemistry
teachers need a special STEM professional development program.

If we will look at the idea of integration STEM, there will be some problem Aydin-Gunbatar, S.,
Tarkin-Celikkiran, A., Kutucu, E. S., & Ekiz-Kiran, B. (2018) researched the impact of a 12-week design-
based STEM course on pre-service chemistry teachers' content knowledge, STEM conceptions, and
engineering perspectives. Through five STEM activities addressing real-life problems and an iterative
engineering design process, eight junior pre-service teachers participated voluntarily. Data analysis
revealed a significant deepening of content knowledge and a shift in perceptions towards integrated
STEM education and engineering design. Implications for integrating STEM courses into pre-service
teacher education programs were discussed.

The purpose of the study to investigate the key issues of Integrated STEM in secondary schools
according to the various literature. The research question is “what kinds of issues were discussed in
literature™.

Methodology

And Also, while searching information for this article | use google scholar platform, especially 1
was looking for those articles that conducted to key word “integrate STEM education” and all articles
that | found I read and then make a result table. In the course of my research work, I studied the works
of other authors, comparing them with the topic of integrating STEM into education, in particular, into
teaching chemistry. To show a more accurate result in this article, I used 18 articles taken from the Google
Scholar platform. After a long and thorough analysis of the articles, | found that 16 of them fully meet
the objectives of the study, offering valuable information on the practical application and effectiveness
of project-based learning as part of the implementation of the modular plan for an integrative STEM
lesson in school.

Result
Article | Key issue Author, main idea Ne of | Percentage of key
Ne articles issue
1 STEM Felder, R. M., & Brent, R. 2024 8 44,72%
2 education Kubat, U. (2018).
3 Jamal, S. N., Ibrahim, N. H.,
Surif, J., Suhairom, N.,
Abdullah, A. H., & Jumaat, N.
F. (2017).
4 Ananda, L. R., Rahmawati, Y.,
& Khairi, F. (2023).
5 Hasanah, S. S., Riandi, A. P., &
Kaniawati, 1. (2022).
6 Altan, E. B., & Ercan, S.
(2016).
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7 Farwati, R., Metafisika, K.,
Sari, 1., Sitinjak, D. S., Solikha,
D. F., & Solfarina, S. (2021).
8 El-Deghaidy &
Mansour (2015).
9 Integrated Roehrig, G. H., Dare, E. A, 5 27,78%
STEM Ring-Whalen, E., &
Wieselmann, J. R. (2021).
10 Fitriyana, N., Wiyarsi, A.,
Pratomo, H., & Marfuatun, M.
(2024).
11 Du, W., Liu, D., Johnson,
C.C., Sondergeld, T.A,,
Bolshakova, V.L.J., & Moore,
T.J. (2019).
12 Honey, M., Pearson, G., &
Schweingruber, H. (2014).
13 Bryan, L.A., Moore, T.J.,
Johnson, C.C., & Roehrig,
G.H. (2015).
14 Professional | Asghar, A., Ellington, R., Rice, 1 5,5%
development | E., Johnson, F., & Prime, G. M.
in STEM (2012).
Education
15 STEM Aydin-Gunbatar, S., Tarkin- 1 5,5%
courses Celikkiran, A., Kutucu, E.S.,
& Ekiz-Kiran, B. (2018).
16 STEM Fatayah, F., Yuliana, I. F., & 1 5,5%
effectiveness Priyasmika, R. (2022).
17 pedagogical Kulgemeyer, C., & Riese, J. 1 5,5%
content (2018).
knowledg
18 STEM Abdurrahman, A., Nurulsari, N., 1 5,5%
inquiry- Maulina, H., & Ariyani, F.
based (2019).
learning
Total 18 100%

In this table, | have given examples of the studied works and reduced the percentage of their binding
to a specific keyword. As we can see, there are more than 44% of articles on STEM education, which
indicates that generalized information about STEM is very popular and perhaps easy to research and
explain. On the contrary, there were fewer works on the question of integrating the STEM methodology
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by 16.94% less, and this leads to the idea that explaining the integration of the methodology is more
complex and difficult for research. As for other articles, we can see that their main idea is probably not
popular, since there were not so many such articles. Based on these figures, it can be assumed that in the
future these topics need to be explored much more, since it is possible that they contain answers to the
questions that we still cannot answer

10.

11.

12.
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B6cammap Hypoubi*
YA6aii amvinoasv Kazax ynmmeix nedazozuxanvix ynusepcumemi, Anmamol

STEM — BACTAYBIII CHIHBINTA BLJIIM BEPYJII CATIAJIBI YHUBIMJIACTHIPY IbIH
HETI'I3I'T K¥YPAJIbI

Anjparna. byriari Taggars! aimyaH TYpii HU@pIsIK OUTIM pecypcTapsl Killll )KacTarbl Oanagapra

MYMKIHJIIK Oepe OTBIPBII, OKYIIBUIAPFA Op TYPJi  KYOBLIBICTAPABI OKBII 3epTTEYre, MOACIbICP KYpyFa
KOHE TOXKIpHOeIeH OTKi3yre, 3 KYIlli MEH YMTBUIBICTAPbIMEH ©31HIH WHTEJUICKTYAIIBIK OJIEMiH
KOpPCETYre KOMEKTECe/I.
Ochiran OalaHBICTBI Ka3ipri 3aMaHFbl Kbl OUTIM OEpeTiH MEKTeNTepje MakcaTKa OaFbITTaJiFaH
FBUIBIMH-3€PTTEY JKYMBICTAPhl OKYIIBUIAPIBIH JPTYPJIi OMIPIIK JKaFgaiiapia KoJjaaHyra OOJIaThIH
TOXKIPUOCIIK JaFablIapabl JAMBITATBIH TOCULACPiHIH Oip1 OOJIBIN TaObLIabI.

Tyiiinai ce3nep: STEM, Texnonorus, po60TTeXHUKA, KOHCTPYKTOP.

STEM TexHomnoruscol OuliM adylIblIapAblH OENCEHAUIINH apTThIpyFa MYMKIH O€peTiH oKy
opTaceH Kypy. Ke3 kenreH >xarnaiiiplH IIENTyiH aHBIKTAIl, TaybIIl, 63apa IMiKipiece OThIpa KOPHITHIHIbI
xacaiiapl. Ochl TycTa O€JICeHAUTIKTEPl apThlll, Ke3 KEJITeH aKMNapaTThl, TYKbIPBIM/IbI, €PEXKEHI )KAKCBIPAK
ecrepinge cakran Kamaiasl. Ce6e0i, STEM TexHOJOrMsACh OKYIIBUIAPAbl CHIHM OMJIayFa, KpeaTUBTI
oiinayra, o3 OeTiHmIe OiniM amyFa skereneiini. MyFaniM Ke3 KeNreH TEeXHOJOTHUSHBI, 9MiC TOCUIII
naiganaHFaH/a OKyIIbLIap YIIiH THIMIICIH 131eiai. OKYIIbI )KapaTbUIbICTaHy, IyHHETaHy, MaTeMaTHKa
T. 0 cabakrap OoilbIHIIIA OUTIMAEPIH TOJIBIKTHIPHII, TYPIIl aKapaTTapMEH TaHBICBII )KYMBIC JKacaiibl.
bipak kei0ip karnaitapa oKymslIap YiiH aHbIKTaMaaap/abl, TyCiHAipMenepai 61pAeH TYCIHY KUbIHFa
cofaipl. AJl, Kei0ip OKyILIbIIapFa Ke3 KelTr'eH aKnapaT TYCIHIKTI 601a/ibl, 63 IIaMachiHa Kapai TyciHeal.
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Anran OuTiMIEpiH Kanail? Kaiaa KoJgaHaMbIH? el KbI3bIFYIIBUIBIKTAPbl apThil kataipl. COHABIKTaH
OKYIIBIHBIH OacTanmkbl OUTIMI MEH »aHa OLTIMJI YIITACTBIPY MaHBI3Ibl COHBIMEH Karap, Ke3 KelreH
xKepze, eMipJie KOJAaHy YIIiH MPAaKTHKAIBIK TYPFbIa KONTEreH KbI3BIKTHI TOKIPHOEIIK KYMBICTAP/IbI
TarceIpMaappl )Kocapian YibIMIacTeipa OuTyiMi3 KaxkeT. OKYIIbI aiFaH TEOPHUSUIBIK OLTIMIH, epeKeHi
€CiHJIe Y3aK yaKbIT CaKTaybl YIIiH TOKIpHOETiK )KyMBICTap apKbLIbl XKaHa OUTIMII MEHI'ePTIN alybIMbI3
kaxer. STEM epekmieniri — Oyl moHapaiblK OalaHbIC MPUHIMII, SFHHM OlpHemie moHAi OipikTipe
OTBIPHIII, OipHEIIe TOHASPACH aTFaH OUTiM/I1 KOca OTHIPHII, XKaHa Oip KoJI1aHOAbI 3aT kKacall IIBIFapaibl.

O3 ic-Tokipubemi3re TOKTalaThlH OOJICak, aHa Tl MoHIHeH «HaH KailiiaH mbIFaabpi?» aTThl
STEM TexHONOTHSCH apKbUIBI MeHreptyre Oonansl. JXyMbIC OapbICBIHIA, OIpIHIIIEH, FaIaMTop
JKEJICIHEH epTeriMeH TaHBICTHIK. EKIHIIICH, HAaHHBIH O31pJIeHyl Oumaiian OacTay alaThIHIBIKTaH,
OKYIIBUTAPMEH Ouail MacarbIH 3€PTTE/IIK, KeWIH CHIHBINTAFbI KIIIKEHTAl apyliap YHHAH KaMbIp HIICII.
Conrel KamaM OaybIpcak Ticipy OOJIIbI, OYJI JKOJIBI MEKTEN acxXaHaChIHIAFbl acmasIlibl MamaHIap
KOMEKTeCTl. MiHe, OCBI KYHEIIEHIeH 1C-OpeKeTTep apKbUIbl «AC aTachl HAaHHBIH» JacTapKaH OachIHA
KaJlail KeJIEeTIHIH OUIIl.

Hynuerany cabarbiaga «Cy. CymblH KyHi» TakbpIpbIOBIH ©TY OapbICBIH/A, AJIFAIIKbl JKOHE

JOCTYPII1 IC-OpEKETIMI3 OKYJIBIKTaFbl MOTIHMEH TAHBICY.
TeopusiibIk OLTIM/I1 MPAKTHKAMEH YIITACTHIPY MAKCATHIMEH JKOHE CY/IbIH KAKChI pPITKII SKeH T iHE KO3
KETKI3Y YILIIH 3KcrepuMeHT xacaablK. CyFa KaHT cajbl apanacteipaMbl3. Kant epin kereni. Cyra 6ip
KachIK TY3 CaJIbIll apajacTeipambl3. Ty3 cyma epuii. DKCIEPUMEHT HOTIDKECIHIE OKYIIbLIAp CYIBbIH
KaHJail kyijae OoJiaThIHBIH Oakbliam, TajJam, CalbICThipa OTBIPBIN, KOPBITHIHABI IIbIFapa Ouryre
yipenai. Cy anam eHOeriHiH KOMEKIITIC1, OHbI 9p cayiaJia )KOHE KYHACIIKTI eMip1e KOJIIaHa bl (MbICAIIIIBI:
ericTikTe, 3aybITTa, habpukana). AnraH OutiMIepiH OeKiTy MakcaThiHIa, «bec Kobl eJ1eH) KYpacThipy
apKbLIIbl OKYLIBLIAP/IBIH CO3/IIK KOPBIH MOJIANTY.

'
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STEM TexHOJIOTHSACH apKay OOJFaH Tarbl Oip 3epTTEY )KYMBICBIMBI3/IbI YCHIHAMBI3. bi3 TaOuraTh
KOpKeM, Tayibl OeKTepi, omeMi KepkeM casbakrapbl 0ap AiMaThl KamacelHAa Typambi3. Kysri
aramTap/pl Tamarragayra cas0akka OKYIIBUIAPMEH TOIl CEPyEeHre IIBIKTHIK. Op aFallThlH TYOIHIE
KaTKaH IJIACTUK MIeJIMEKTepiHe Ke3iMi3 TycTi. [Imactuk menmexrep xepai jJacran, TaOUFaTKa 3USHBIH
Turizeni. bys meaMekTep i TakThIpyFa 00IMal THIHBIH aHBIKTAII, IIIPIMEUTIHAITH 3€pPTTEAIK, all OpTereH
COTTE aJaM JICHCAYJBbIFbIHA 3USHJBI YIIBI TYTIH O6JCTIHIH aHBIKTaAbIK. [lnacTuk memMekTepai eKiHmIi
eMip Oepirm, Yl TYpMBIChIHA TIAi1aJIbl, COHJII 3aTTap KacayFa O0JaThIHBIHBIHA KO31Mi3 )KeTKCHHEH KeHiH,
OyJT TaKpIPBITT aHAIACBIHAA 3€PTTEY JKYMBICHIH OacTar KeTTiK. 3epTTey )KYMBICHIMBI3/IBIH TaKbIPHIOHI:
«Kanapikrapapl TaObicKa aiHAIABIPANBIK». 3epTTey JKYMBICHI OacTalfaHHAH KeHiH, OKYIIbLIap
IUTACTUKAJIBIK IIeJIMEKTEep/l *KUHAM, oJlapAaH Oacka maijansl 3aTTap »kacail 6acraapl. [llenmexrepain
KOJIIaHbUIFaH KaJIblH OHJEN, dCTETHKANbIK TYPFbIJaH dceMjenl. Mpicanbl: KajaM calaTblH Koparl,
HIBIPIIAHBI COHJIEHTIH OMBIHIIBIKTAP, TYJI CalaThlH KyMbIpaJlap, ’KMHAK CaH IbIKIIaap KoHe T.0 KenTereH
3arTap *acan mbirapasl. HoTwkecinae, oKymbliap ecki 3aTTapra »kaHa eMip Oepyl YHpeHin, KojaaaH
OyiipIMIap sKacar, MIbIFapMaIIbUIBIK TYPFBIIAH JaMbIJIbI.

Mexrente «PobOoToTexHuKa» yilipMeci kyMbIc jkacaiifipl. ChIHBIN OKYIIBIIApbl OyJ1 yilipMere
OenceHe KaTbicaabl. POOOT jkacay TEXHUKACHI KOHE TEXHOJIOTHCHI OKYIIBIIAPIbIH KbI3BIFYIIBUIBIFBIH
apTThIpaapl, cebebl Oamamap TOMTACHIT JKYMBIC Kacailpl, CBIHM OWJlayFa narapliaHaapl. PoOoT
TEXHHUKachl Typaibl «VHTepHET» >KeliCIHeH akmapar 131eiial. AJbIHFaH aKnmaparieH TONTa >KYMBIC
xacaiipl. KimkeHTall KOHCTPYKTOp, KIIIKEHTal THIPOBIMKAJIBIK KpaH O0JICHIH, HE )acaca Ja XUMHS,
¢u3nKa, MaTeMaTHKa, FT€OMETPUS TOHIEPIMEH JKYMBICTApPbIH OalIaHbICTHIPAIbI.

Mine, STEM TexHOJOTHUACBIMEH >KYMBIC jKacay, OHBI eMipe KoJiJaHa aiy Oaja YIIiH eTe
MaHbI3/1bl. bana e31HiH jxacaraH OYMBIMBIH, OHIMIH KOPY apKbLIbl MOTHBAIIMACHI apTa/Ibl.

Ocsuraiimia, STEM apkpiiel OutiM Oepy OKYIIBUIApABl ajFaH aKmapaThlH KOpIIaraH opTa
MporecTepiMeH OalIaHBICTRIPYFa KOHE KO0AJBIK OMJIaHybIHa MYMKIHJIIK Oepe/ti.

STEM TeXHONOTHUACHIMEH OKBITY KeJeCi/Iel JaFIblIap bl TaMbITaIbI.

- MotuBanus anansl;

- binnyre nereH KpI3bIFyIIBUIBIFB] apTa/ibl, OHBIH MaHBI3bIH TYCIHE/1;
- CabakKa /IereH KbI3bIFyLIbUIBIFbI APTA/IbI;

- JKo0Oa >xacaii ananpl;

- Unes oinman Tabaanl anajsl;

- ’KaH xaKThl JaMuIbl;

- JlapbIH/IbI OKYIIBUIAP AHBIKTAJIA]IbI;

- Bocekere ka0izeTTi O0IabI;

- CbIH TYpFBICBIHAH OWJIAl aajibl;

- IIIbIFapMbIIIBIIBIK TYPFBIIAH ALIbLIA/IbI.

Kopsita kenrensie, STEM TeXHOTOTHACH apKbUIBbI )KYMBIC Kacay MYFajiM YIIIH Jie, OLTiM aTyIbl
YILIH /1€ KbI3BIKTBI, 9pi KaxkeT Oouibin Keneni. OKymbuiap ajaraH OUTIMIEpiH MPAKTUKAJIBIK XKYMbICTap
apKbUIbl OEKITIN OThIpca, ©3 OeTiHIIEe OUIIM alyFa KYIITapibIKTapbl apTa Tycell, OKYyLIbLIapAblH
(GYHKIMOHAJIBIK CayaTThIIBIKTAPhl KAJIBINTACHIII, 0JIAPJIBIH OMIPJIIK )KOHE KOCiOM MepcreKTuBaiaphl, o3
KYIITEpiHE JIereH CEeHIMUIIr apTabl.

Maiinananran sneduerrep Tisimi
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THE EFFECTIVENESS OF MODERN METHODS IN TEACHING THE PERIODIC TABLE
OF CHEMICAL ELEMENTS

Abstract. This systematic literature review focuses on the exploration of innovative teaching
approaches for the study of the periodic table of chemical elements. Given the evolving nature of
education, this review examines recent methods that go beyond traditional memorization techniques. The
review compiles research from various sources and identifies emerging trends, such as the use of
gamification, virtual reality, card games, online platforms, 3D printing, and robotics in teaching the
periodic table concepts. By providing educators with valuable insights into effective teaching strategies,
this comprehensive review aims to enhance students' understanding and engagement with the concepts
of the periodic table through innovative approaches.

Keywords: Periodic Table of Chemical Elements, Modern Teaching Methods, Technological
Tools

Introduction

The periodic table of chemical elements has a significant role in the teaching of chemistry.
Without this table, it is difficult to conceive of a chemistry lesson. Students learn chemistry by visually
representing the principles of the chemical realm. However, it is worth pointing out that the modern
version of the periodic table differs significantly from that of ten years ago. The Charles Janet’s version
of the periodic table is widely used, which preserves the concept of Dmitri Mendeleev's work. This
version differs from the original in that it is longer and more difficult to fit into textbooks due to its
length. There is also a more modernized version that has been shortened to fit into books more easily.
However, the actual length or shape of the table is not as important as the method used to teach it. For
this reason, teaching the periodic table through different methods becomes more significant. For
example, Marti-Centelles, et.l (2014) states that the use of a specific program featuring a card game
during a chemistry class encourages students to learn well, making the class both interactive and
significant. This approach produces positive pedagogic outcomes for students. According to Mintzes, et
al. (2006), the periodic table of chemical elements is referred to as "the principal graphical tool in
chemistry." This has also been stated by other researchers and scholars, that the Periodic Table of
Chemical Elements is an essential component of chemistry education. For example, according to a study
conducted by Mhlongo and Sedumedi in 2023, a student who is more proficient in the Periodic Table
will better comprehend chemical concepts than one who has struggled to understand it. In this paper, we
aim to analyze works that illustrate modern approaches to constructing the periodic table. The
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significance of this endeavor lies in comprehending the methods employed by the authors, as well as
identifying the purpose behind their work.

Literature review

The article "ChemMend: A Card Game to Introduce and Explore the Periodic Table while
Engaging Student Interest” by Vicente Marti-Centelles and Jeniffer Rubio-Magniefio (2014) presents a
novel approach to teaching chemistry using the periodic table through a card game. The authors highlight
the significance of involving students in the learning process of chemistry, particularly the periodic table,
which can often be seen as a challenging and complex subject. They begin by discussing the challenges
associated with teaching chemistry, such as the significant amount of information that students must
remember and comprehend. The authors contend that traditional teaching methods such as lectures and
textbooks may not effectively engage students or foster a deep understanding of chemistry. To address
these difficulties, Marti-Centells and Rubio-Magniefio have developed ChemMend, a card game
designed to help students learn about the periodic table in a fun and interactive manner. The game
matches elements based on their properties, such as atomic number, symbol, and electron configuration.
This allows students to reinforce their knowledge of the periodic table and develop critical thinking skills.
The authors have provided a comprehensive description of the game mechanics, including instructions
on how to set it up and play examples. They have also highlighted the advantages of using a card game
for learning, such as promoting collaboration among students and encouraging active participation in the
learning process.

The article "Students’ Procedure When Solving Problem Tasks Based on the Periodic Table: An
Eye-Tracking Study" by Tothova, M., Rusek, M., and Chytry (2021) investigates high school students'
approach to the periodic table when solving problems. Using eye tracking and think-aloud methods, the
researchers observed eight students’ thought processes as they completed tasks. The aim of the study was
to understand the strategies students used and any difficulties they faced. Data collected from eye trackers
was quantitatively analyzed to determine the time spent in specific areas, while think-aloud recordings
provided additional insights into students' problem-solving strategies. The incorporation of the periodic
table into science education is fundamental at all academic levels, as it provides crucial insights into the
physical and chemical characteristics of the elements that compose matter. Nevertheless, mastering the
intricacies of the periodic table, including element names, symbols, and various properties, can at times
be perceived as tedious and uninteresting, depending on the approach educators take to teaching. One
way to enhance students' interest is through the incorporation of gamification, which integrates learning
seamlessly into gaming, thus creating an immersive and engaging learning experience. The key to this
approach is the careful design and development of games that successfully combine entertainment with
educational content. In this article, Montejo Bernardo and Fernandez Gonzélez (2021) present "Chemical
Battleship," a variation of the traditional board game "Battleship,” which is designed to assist in learning
about key concepts on the periodic table and introduce students to common laboratory glassware.

The article “Game-based learning approach on students’ motivation and understanding of
chemistry concepts”, written by E. Byusa, E. Kampire, and A.R. Mwesigye in 2022, explores the use of
educational games in teaching chemistry and their classification in the context of secondary education.
The study focuses on Spanish students aged 15-16 and includes twenty-four one-hour sessions. The
research aims to investigate the impact of incorporating game-based learning into a teaching module,
with the goal of improving students' understanding of the subject and their perception of games as an
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effective learning tool. Data collection includes pre-and post-module assessments as well as a survey on
students' learning experiences. Qualitative insights are also gathered through teacher journals. The
findings indicate significant improvements among students in their understanding of the structure, nature,
and historical background of the Periodic Table. However, there was a relatively lower level of progress
in applying acquired knowledge and deducing conclusions based on evidence. Nevertheless, the teaching
module successfully addressed the learning challenges associated with this topic. Notably, students who
participated in a game-based learning module performed better than those in a control group following a
traditional curriculum. Feedback from students regarding the incorporation of games into the
instructional approach was overwhelmingly positive, emphasizing the perceived benefits of games in
enhancing engagement and active participation in the learning environment. In addition, this study
introduces a new educational approach called Task Involving Play (TIP). TIP acts as a bridge between
play and more structured learning activities, allowing students to create their own content and take an
active role in the learning process. TIP activities are designed to enhance learning through game-based
approaches, with a lower level of complexity, greater utility, and increased appeal compared to traditional
educational games.

The article "The Role of Robotics and Innovative Teaching Approaches in Chemistry Education:
A Case Study of the Periodic Table" by Thabo Mhlongo and Thomas Dipogiso Sedumedi (2024),
discusses the potential advantages of incorporating robotic technology and innovative teaching strategies
into the teaching of chemistry. The authors emphasize the significance of the periodic table in facilitating
the understanding of chemical concepts and the arrangement of chemical elements, and highlight the
need for more engaging and effective pedagogical approaches to enhance student learning. This approach
encourages student engagement and active learning, enabling them to investigate key concepts through
practical pexperiments. With regard to methodology, the paper proposes a multi-disciplinary approach
that integrates robotic technology with concept-driven teaching methods. Through the incorporation of
practical activities, interactive demonstrations, and collaborative learning opportunities, educators can
create an engaging and stimulating learning environment that promotes a deeper understanding of the
significance of the periodic table in chemistry education. Furthermore, it promotes the development of
critical thinking and problem-solving abilities, which are crucial for success in future fields related to
chemistry. According to this literature review purpose of the article to explore effectiveness of modern
methods in teaching the Periodic Table of chemical elements. Our research question is: What are the
specific methods, chronological order, and educational level of the article under exploration?

Methodology

3.1 Research methods

Data to achieve the research objectives has already been collected using the systematic review
methodology. This was done by conducting a literature review to collect published works on modern
approaches to teaching the periodic table of chemical elements. The Google Scholar search engine was
used with the keyword "Modern Teaching Approaches, Methods" in the search query.

3.2 Sampling

In order to achieve our goal, we reviewed 52 research papers, which included scientific journals,
articles, and methodological books. Out of these papers, 23 were selected for further review, and a
systematic literature review was conducted based on these papers.
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3.3 Data collection

All the articles collected on the topic of modern approaches to teaching the periodic table of
chemical elements were analyzed. Various methods were considered, including the use of game cards,
an interactive online version of the periodic table, and 3D printing. The potential of artificial intelligence
was also explored in teaching periodic table.

3.4 Data analysis
According to the research, two studies were conducted. The first study focused on the use of
contemporary methods in teaching the periodic table of chemical elements. This study divided the
methods into 10 categories. Additionally, a study was conducted to assess the level of education of the
students involved.

Result

According to the data obtained from methodologies based on the results of data analysis, scientific
articles have been categorized into ten groups. Each group contains information on a specific teaching
approach for the periodic table. Game-based instruction is often included in these categories, as it
encompasses various types of games and activities.

Some examples of the methods included in this category are: card games, board games, practical
exercises, gaming training, integration of digital native speakers, robotic integration, 3D printing, dance
techniques, an online periodic table, and virtual reality. The educational system is divided into the
following four levels: elementary school, secondary school, high school, and college or university.

METHOD TYPE FREQUENCY CHRONOLOGICAL ORDER METHOD TYPE FREQUENCY CHRONOLOGICAL ORDER
Game Instruction 7 Hassan, N, & Shafiq, M. (2022) Card Game 3 Sukriani, E. (2018)
Setu, S. A,, & Basar, N. (2019) Mahardhika, S., Santoso, F.,
& Alfath, N. (2017)
Nsabayezu, E., lyamuremye, A.,
N.ungut L., Mukiza, J., Mukama, E., & Piyawattanaviroj, P.,
Niyonzime, F. N. (2023) Maleesut, T., & Yasri, P.
Trudel, L., & Métioui, A. (2015) (2019, July)
Anuar, N. S. A., Fauzi, M. S. M., Azmi, Board Game 3 Montejo Bernardo, J. M., &
N. H., Ibrahim, N., Saari, E. M., & Fernandez Gonzdlez, A.
Razali, F. M. (2021) (2021)
Joseph, V. C., & Salleh, W. M. N. H. W, Alejandria, L. N., Bajenting, J.
(2023) M. S., Pacatan, M. A. L. D., &
Tomas Jr, A. D. (2023)
Kara, F. (2019)
Stanley Lourdes Benedict, T.
A. P. (2023)

METHOD TYPE FREQUENCY CHRONOLOGICAL ORDER METHOD TYPE FREQUENCY CHRONOLOGICAL ORDER
Hands -on s Guerra, G. F., Felicio, C. M., Ferreira, J.  Digital Native 1 Toh, L. M., Gan, B. Y., Pua, J.
Activity C., & Noll, M. (2019) C.F., & Amin, S. B. M. (2011)

B , D. (2020 5
ergman, D. ( ) 3D printing 1 Zhang, T., Cummings, M., &
Pasarudin, N. (2011) Oulay, M. T. (2022)
S —— Nsabayezu, E., lyamuremye, A., Dan:\:e» 1 Chong, Y. Y., Cyril, N., & Ng,
Fabio 2 Nungu, L., Mukiza, J., Mukama, E., &  'echniques K-
Niyonzima, F. N. (2023)
Pradila, A., & Azra, F. (2022) Virtual Reality 1 Baptista, A., Azevedo, J., da

Robotic
Integration

MHLONGO, T. (2024)
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Maia, G. (2019)



PRIMARY SCHOOL 2 SECONDARY SCHOOL 13 HIGH SCHOOL 14 COLLEGE OR UNIVERSITY 6

Montejo Bernardo, J. M., &

Montejo Bernardo, J. M., & Nsabayezu, E., lyamuremye, A., Fernandez Gonzalez, A. (2021) Setu, S. A., & Basar, N. (2019)
Fernandez Gonzalez, A. (2021) Nungu, L., Mukiza, J., Mukama, E., &

Niyonzima, F. N. (2023) Hassan, N., & Shafig, M. (2022) Toh, L. M., Gan, B. Y., Pua, J. C.
Kara, F. (2019) F., & Amin, S. B. M. (2011)

Setu, S. A., & Basar, N. (2019) S T—
i Joseph, V. C., & Salleh, W. M. N.
MHLONGO, T. (2024) Nungu, L., Mukiza, J., Mukama, E., & P!

Niyonzima, F. N. (2023) H. W. (2023)
Anuar, N. S. A, Fauzi, M. S. M., Azmi, . —
N. H., Ibrahim, N., Saari, E. M., & Guerra, G. F., Felicio, C. M., Ferreira,  Sukriani, E. (2018)
Razali, F. M. (2021) J. C., & Noll, M. (2019)

Kara, F. (2019)

Anuar, N. S. A, Fauzi, M. S. M., Azmi, Alejandria, L. N., Bajenting, J. M. S., .
N. H., Ibrahim, N., Saari, E. M., & Pacatan, M. A. L. D., & Tomas Jr, A. Stanley Lourdes Benedict, T. A.
Razali, F. M. (2021) D. (2023) P. (2023)

Toh, L. M., Gan,B. Y., Pua, J.C.F., &
Baptista, A., Azevedo, J., da Mota, J. Amin, S. B. M. (2011)
M., Alipio, L., & Maia, G. (2019) Toh, L. M,, Gan,B. Y, Pua, J.C.F., &
Amin, S. B. M. (2011)

PRIMARY SCHOOL 2 SECONDARY SCHOOL 13 HIGH SCHOOL 14 COLLEGE OR UNIVERSITY 6
PIYAWATTANAVIROJ, P., TOH, L. M., GAN, B. Y., PUA, J.
MALEESUT, T., & YASRI, P. (2019, C.F., & AMIN, S. B. M. (2011)
JuLy) )
TRUDEL, L., & METIOUIL, A.
KARA, F. (2019) (2015)
ZHANG, T., CUMMINGS, M., & PIYAWATTANAVIROJ, P.,
DULAY, M. T. (2022) MALEESUT, T., & YASRI, P.

(2019, JULY)
PRADILA, A., & AZRA, F. (2022)
STANLEY LOURDES BENEDICT,

PASARUDIN, N. (2011) T.A.P. (2023)
MAHARDHIKA, S., SANTOSO, F., & PRADILA, A., & AZRA, F.
ALFATH, N. (2017) (2022)

MAHARDHIKA, S., SANTOSO,
CHONG, Y. Y., CYRIL, N., & NG, K. = F., & ALFATH, N. (2017)
T. CHONG, Y. Y., CYRIL, N., & NG,
BERGMAN, D. (2020) K. T.

BERGMAN, D. (2020)

Based on the findings from a comprehensive analysis of the data, it has been determined that
most current approaches to teaching the periodic table (30.4%) incorporate various types of game-based
instruction. Furthermore, the majority of research has focused on Card Game, Board Game and Hands -
on Activities (13%). These methods are the most researched. In the second study, educational levels were
found to exceed ten and included secondary and high school. This result was expected, as the periodic
table is typically taught in schools beginning in secondary education, in accordance with the standards.

Methods

Virtual Reality

Online Periodic Table =

Dance Techniques

Card Game

3D printing

Board Game

Robotic Integration

Digital Native

Hands -on Activity

Game instruction
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Educational Level
15

Primary school Secondary school High school College or University

Conclusion

In conclusion, the periodic table is a subject that is studied both in other countries and in
Kazakhstan, beginning in secondary school. At this time, teachers should focus on finding an effective
method for teaching the periodic table. There are numerous options available, including using flashcards
with element symbols during lessons, playing games on the board, or other techniques that teachers can
devise in collaboration with students using available materials. We also recommend using an online
version of the periodic table alongside a paper copy to encourage its use. Authors have employed
robotics, virtual reality, and the creation of their own applications in their research. The periodic table of
chemical elements forms the foundation of chemical education, making it essential to examine every
aspect of how to teach the table effectively in modern times.

References

1. Alejandria, L. N., Bajenting, J. M. S., Pacatan, M. A. L. D., & Tomas Jr, A. D. (2023). The Use
of Educational Board Game as a Supplemental Tool in Learning Periodic Table of Elements
Among Senior High School Students. American Journal of Education and Technology, 2(1), 60-
67.

2. Anuar, N. S. A, Fauzi, M. S. M., Azmi, N. H., Ibrahim, N., Saari, E. M., & Razali, F. M. (2021).
Design and Development of Periodic Table Game for Students in Secondary School. International
Journal of Creative Multimedia, 2(2), 15-29.

3. Baptista, A., Azevedo, J., da Mota, J. M., Alipio, L., & Maia, G. (2019). Inside and outside the
periodic table of elements with virtual reality. In ICERI2019 Proceedings (pp. 8235-8240).
IATED.

4. Bergman, D. (2020). Toying with the periodic table: using everyday items to investigate
classification and properties of matter. Science Activities, 57(4), 175-182.

5. Byusa, E., Kampire, E., & Mwesigye, A. R. (2022). Game-based learning approach on students’
motivation and understanding of chemistry concepts: A systematic review of literature. Heliyon,
8(5).

6. Chong, Y.Y., Cyril, N., & Ng, K. T. Dance to Learn: A Kinesthetic Approach to Teach Reactivity
of Group 1 and 7 Elements in the Periodic Table of Elements.

95



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Guerra, G. F., Felicio, C. M., Ferreira, J. C., & Noll, M. (2019). Constructing a periodic table: A
proposed practice activity for high school chemistry classes. Creative Education, 10(4), 677-689.
Izci, K., Barrow, L. H., & Thornhill, E. (2013). Online periodic table: A cautionary note. Journal
of Science Education and Technology, 22, 402-417.

Joseph, V. C., & Salleh, W. M. N. H. W. (2023). Development and Perception of Chemistry
Trainee Teachers towards Usability of Periodic Block Game for Topic Periodic Table. Asian
Pendidikan, 3(1), 79-82.

Kara, F. (2019). An Activity Example Concerning Learning of Elements and Periodic Table.
Journal of Inquiry Based Activities, 9(2), 67-83.

Mahardhika, S., Santoso, F., & Alfath, N. (2017). Paruman The Khemion Master: Learning
Chemistry Periodic table with Trading Card game. Journal of Games, Game Art, and
Gamification, 2(2).

Marti-Centelles, V., & Rubio-Magnieto, J. (2014). ChemMend: A card game to introduce and
explore the periodic table while engaging students’ interest. Journal of Chemical Education,
91(6), 868-871.

MHLONGO, T., & Sedumedi, T. D. (2024). The Periodic Table and The Learning of Chemistry:
Possibilities of Integrating Robotics and Concept-Based Approaches in Teaching.

Mika, L., & Smejkal, P. 3D Printed VSEPR Models and 3D Periodic Tables for Chemistry
Education. DidSci 2016, 107.

Mintzes, H., Wandersee, J.H. & Novak, J.D. (2006). Assessing science understanding: A human
constructivist view (15-40). San Diego: Academic Press.

Montejo Bernardo, J. M., & Fernandez Gonzalez, A. (2021). Chemical battleship: discovering
and learning the periodic table playing a didactic and strategic board game. Journal of Chemical
Education, 98(3), 907-914.

Nsabayezu, E., lyamuremye, A., Nungu, L., Mukiza, J., Mukama, E., & Niyonzima, F. N. (2023).
Online periodic table of elements to support students’ learning of trends in properties of chemical
elements. Education and Information Technologies, 28(9), 11793-11817.

Pasarudin, N. (2011). Interactive Courseware to Help Retention of Periodic Table Elements in
Chemistry Education.

Piyawattanaviroj, P., Maleesut, T., & Yasri, P. (2019, July). An educational card game for
enhancing students' learning of the periodic table. In Proceedings of the 3rd International
Conference on Education and Multimedia Technology (pp. 380-383).

Pradila, A., & Azra, F. (2022). Development of android-based learning media applications on
elements periodic system topics. Jurnal Pijar Mipa, 17(6), 737-742.

Rahayu, N. F. A., Ibrahim, N. H., & Surif, J. (2023). Enhance The Understanding in Periodic
Table of Element Using Crossword Puzzles among Form 4 Students. Jurnal Pendidikan IPA
Indonesia, 12(2), 319-328.

Setu, S. A., & Basar, N. (2019). The Periodic Table Game for Interactive Learning in Chemistry.
Proceeding of New Academia Learning Innovation (Nali 2019) Exhibition & Competition, 38.
Stanley Lourdes Benedict, T. A. P. (2023). Periodic table of ladder: A board game to study the
characteristics of group 1, group 17, group 18, and the transition elements. Journal of Chemical
Education, 100(2), 1047-1052.

Sukriani, E. (2018). Medicine Card as Innovation Learning in Periodic Table of Elements for
Pharmaceutical Vocational Students. EDUCATUM Journal of Science, Mathematics and
Technology, 5(2), 1-6.

96



25. Toh, L. M., Gan, B. Y., Pua, J. C. F., & Amin, S. B. M. (2011). Digital natives learning the
periodic table via Microsoft network instant messaging. In ICERI2011 Proceedings (pp. 5459-
5467). IATED.

26. Téthova, M., Rusek, M., & Chytry, V. (2021). Students’ procedure when solving problem tasks
based on the periodic table: An eye-tracking study. Journal of Chemical Education, 98(6), 1831-
1840.

27. Trudel, L., & Métioui, A. (2015). Conditions of implementation of an inductive learning sequence
about the periodic table in high school chemistry. LUMAT: International Journal on Math,
Science and Technology Education, 3(4), 529-544.

28. Zhang, T., Cummings, M., & Dulay, M. T. (2022). An outreach/learning activity for steam
education via the design and 3d printing of an accessible periodic table. Journal of Chemical
Education, 99(10), 3355-3359.

Kiikov Bakytbek®, Halit Satilmis Yilmaz?, Abiloek Zhangy!®
1SDU University, Kaskelen, Kazakhstan
e-mail: bakytbek.kiikov@sdu.edu.kz

CHALLENGES OF CHEMISTRY TEACHERS IN SCHOOLS

Abstract. This study explores the application of artificial intelligence (Al) in chemistry education
through an extensive review of ten academic articles. Al's integration into chemistry education has led
to the development of various educational tools, such as personalized learning platforms and virtual labs.
These advancements have greatly contributed to enhancing student learning and teacher experiences. The
primary activities facilitated by Al include creating and solving open-ended and multiple-choice
questions, and answering questions and solving problems. However, the utilization of Al for laboratory
work and making scientific predictions remains less common, suggesting these areas are more appealing
to college and university students. Recommendations for future research include developing a
comprehensive chemistry database to accurately answer complex questions, creating an all-inclusive Al
chemistry application, and devising methods to calculate chemical problems using mathematical
formulas. This would involve integrating these methods into Al to generate tasks with different formulas
and calculations but identical final meanings. Implementing these suggestions could significantly
improve students' chemistry skills and promote academic integrity. This study underlines the
transformative potential of Al in education, particularly in the domain of chemistry, offering new avenues
for enhancing learning outcomes and teaching efficiency.

Key words: Artificial intelligence, Chemistry education, Al in chemistry education

Introduction

As Stephen Haking say, “Success in creating Al would be the biggest event in human history.
Unfortunately, it might also be the last, unless we learn how to avoid the risks.”

Due to the infinity of the human thinking system, new innovative and technological changes are
happening and developing in every century. One such technological innovation is artificial intelligence.
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Artificial intelligence(Al) is an intelligent machine or software technology that can think at a human
level thanks to a large database. Artificial intelligence (Al) is the basis of many service sectors that have
adopted new information technologies (S. J. Russell, P. Norvig, 2016). People can use Al for different
sides, like finding the answers of unclear questions; help to write assignments; editing the photos by
writing details. Although the roots of artificial intelligence date back several decades, there is now a clear
consensus that intelligent machines with learning, reasoning and adaptive capabilities are particularly
important (Arrieta, A. B., Diaz-Rodriguez,2020). It is thanks to these features that Al methods are
achieving unprecedented levels of performance when learning to solve increasingly complex
computational tasks, which makes them crucial for the future development of human society (D. M.
West, 2018). Recently, the complexity of Al-powered systems has grown so much that they do not
require human intervention to design and deploy. When decisions from such systems ultimately affect
people’s lives, such as medicine, law or defense, there is a need to understand how such decisions can be
supported by Al techniques.

Artificial intelligence (Al) is a field of research that combines applications of machine learning,
algorithmic generation, and natural language processing Artificial intelligence applications are changing
educational tools. Al has various educational applications such as personalized learning platforms that
promote student learning, developed virtual labs, and bots that help with homework and projects.
Although artificial intelligence has many benefits and advantages in improving student knowledge and
teacher experience, it has not been properly applied at the ethical level (Akgun, S., & Greenhow, C.,
2022).

Theoretical part

In the age of advanced science and technology, students and teachers are using artificial

intelligence positively in the field of education and benefiting from it. As a chemistry teacher, |
researched articles on the use of artificial intelligence in chemistry education.
Russian scientists Vladimir L. Kodkin, Ekaterina V. Artemeva (2024) described the progress and uses of
neural networks, especially ChatGPT, in different areas like chemistry education and research in the
article “ChatGPT: Application in Chemistry Education and Challenges”. It explains the advantages of
artificial intelligence and ChatGPT, like their ability to handle large amounts of data, make personalized
learning systems, and give suggestions for solving problems. It shows real-life examples of how
ChatGPT can help improve learning in chemistry, like making tests, generating multiple-choice
questions, studying chemistry topics, and writing scientific ideas in chemistry. It ends by discussing the
exciting possibilities of Al to solve complex problems that might be beyond human abilities, opening
doors for more research and collaboration between humans and intelligent machines.

From Ohio State University, scientist Ted M. Clark (2023) studied how well an artificial
intelligence chatbot called ChatGPT could answer chemistry exam questions in “Investigating the Use
of an Atrtificial Intelligence Chatbot with General Chemistry Exam Questions” article. They tested
ChatGPT on exams from two chemistry classes. ChatGPT did a good job at understanding the main ideas
in questions that had multiple-choice answers, even when there were lots of chemical symbols. However,
it only got 44% of the answers right, which was lower than what most students got. When it came to
questions where students had to write out their answers, ChatGPT was good at understanding language,
especially for questions that needed general knowledge. But it had trouble with questions that needed
specific skills, especially if those skills were taught in lectures. Even though some of its wrong answers
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sounded convincing, ChatGPT isn't yet good at giving reliable answers or explanations for many exam
questions. However, it could be useful for making assignments where students work on improving
ChatGPT's answers.

Researchers Margarida Figueiredo and M. Lurdes Esteves (2014) from Portugal looked into how
lab classes in Chemistry learning are taught using artificial intelligence in “Lab Classes in Chemistry
Learning an Artificial Intelligence View” article. They studied 702 students in 10th grade in Portuguese
Secondary Schools. They used a method called k-Means clustering to group the data into different
segments. Also used decision trees to create models explaining the segmentation. The findings revealed
that most students think doing experiments is very important for learning Chemistry. They also found
that how much importance students place on research in chemistry learning depends a lot on how much
they participate in lab work.

In the article "Artificial intelligence in chemistry” by N.A.B Gray (1988), it's mentioned that they
review the methods and tools of artificial intelligence. Chemical problems are seen as good areas to test
new artificial intelligence methods. Artificial intelligence techniques can be used to solve real-life
chemistry problems. In chemistry, these techniques can help with tasks that need chemical knowledge,
as well as tasks where chemistry is just one part of the problem. Programs that use encoded chemical
knowledge can help solve problems like figuring out chemical structures, planning synthesis, and
designing experiments. Robotics methods that use artificial intelligence and expert systems can make
chemical instruments work better. Systems that understand human language could make it easier to deal
with chemical information, and artificial intelligence techniques could make computer-based teaching
even better.

In their paper titled "Artificial Intelligence Generative Tools and Conceptual Knowledge in
Problem Solving in Chemistry” Wajeeh Daher, Hussam Diab, and Anwar Rayan (2023) discuss how
artificial intelligence (Al) has become increasingly important in education and problem-solving. They
focus on the use of ChatGPT, an Al tool, to support learning in chemistry. The researchers examined the
challenges ChatGPT faces in understanding and responding to chemistry problems related to
“Introduction to Material Science”. Using a framework proposed by Holme et al., which covers areas
like transfer, depth, prediction/explanation, problem-solving, and translation, they assessed ChatGPT's
understanding of concepts. The scientists presented ChatGPT with thirty chemistry problems from the
Introduction to Material Science field and asked it to provide solutions. They concluded that ChatGPT
struggled with understanding conceptual knowledge, particularly in areas like representations and depth,
which hindered its ability to effectively transfer knowledge.

In their article "Evaluating Academic Answers Generated Using ChatGPT" American scientists
Suzanne Fergus, Michelle Botha, and Mehrnoosh Ostovar (2023) explore the use of technology in
education, especially amid the COVID-19 pandemic. They focus on Chat Generative Pre-Trained
Transformer (ChatGPT), an Al technology that generates conversational responses based on user
prompts. This study aims to understand how ChatGPT performs in answering chemistry assessment
questions and its potential impact on learning and assessment. The researchers examined two chemistry
modules in a pharmaceutical science program's first and second years, comparing ChatGPT-generated
responses to end-of-year exam assessments. They found that ChatGPT performed well in answering
questions that required knowledge and understanding but faced limitations in questions that demanded
application of knowledge and interpretation of non-textual information. The study also assesses the
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quality of ChatGPT responses and concludes that it poses a low risk of cheating. Additionally, the
researchers suggest that ChatGPT discussions could prompt conversations about academic integrity and
assessment design, similar to the educational discussions sparked by the COVID-19 pandemic.

Wajeeh Daher, Hussam Diab, and Anwar Rayan (2024) explored the growing use of generative
artificial intelligence tools in different fields, especially education, in their article "Generative Artificial
Intelligence in Chemistry Problem Solving across Versions and Languages”. They focused on ChatGPT
versions 3.5 and 4.0, which are known for their ability to understand multiple languages, aiding both
students and teachers. Their research aimed to compare the performance of these versions, specifically
looking at how accurately ChatGPT answered questions in English compared to Arabic. They tested
ChatGPT with 39 chemistry problems typically found in 6th-7th grade curriculum, consisting of both
open-ended and multiple-choice questions. They categorized each response as accurate, partially
accurate, or inaccurate. Their analysis revealed significant improvements in version 4.0, especially in
handling Arabic. However, despite these enhancements, the study found that ChatGPT's responses in
English were consistently more accurate than those in Arabic. To address this issue, they proposed either
including more Arabic data during training or implementing a method where questions are first translated
from Arabic to English, answered, and then translated back into Arabic for users. This approach leverages
the higher accuracy of English responses to benefit Arabic-speaking users and potentially improves
outcomes for users in other languages, especially in science education contexts like chemistry.

The next research work is Mary E. Emenike and Bright U. Emenike (2023) article " Was This
Title Generated by ChatGPT? Considerations for Artificial Intelligence Text-Generation Software
Programs for Chemists and Chemistry Educators”. They discuss the concerns raised by the release of
ChatGPT, a free text-based system developed by OpenAl, especially regarding honesty in academics and
how students are evaluated across different levels of education. However, they believe that these systems
can have a bigger impact beyond just teaching and learning chemistry. According to their research,
artificial intelligence systems like ChatGPT can be useful for students, teachers, and school
administrators in various ways such as teaching, research, and professional activities. They explore
different ways students and teachers might use ChatGPT, highlighting both the advantages and potential
problems, and also considering fairness and accessibility issues. For example, students can use ChatGPT
to get help with tasks like answering questions on assignments, writing lab reports, doing research,
studying, and getting tutoring assistance. Meanwhile, teachers can use it for teaching purposes such as
creating assessment items, preparing class materials, conducting research, and managing professional
aspects like their career and speaking engagements. They aim to encourage productive discussions on
how to make the best use of artificial intelligence technology while being aware of its limitations.

The same thing in the article “Proposal to integrate artificial intelligence tools in chemistry
teaching in higher education” by the authors R. Perezzan, S. Montalvo-Quirds, R. Rama-Ballesteros, D.
Herraez-Aguilar(2024). In today's education, Artificial Intelligence (Al) is becoming increasingly
important, especially in Natural Sciences like Chemistry. This study proposes using Al tools such as
ChatGPT 3.5, Microsoft Bing, and Wolfram Alpha to enhance learning in Chemistry. These tools help
students understand complex concepts and improve their ability to learn independently. Students can ask
the Al questions and discuss the answers with their teacher to improve critical thinking skills. This
approach not only improves Chemistry learning but also prepares students for academic and professional
challenges. By integrating Al into teaching, education becomes more modern and adaptable to current
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demands. Al tools facilitate a more interactive and effective learning experience, allowing students to
explore concepts independently and creatively. Ultimately, the integration of Al in higher education
offers new opportunities for deeper learning and better preparation for the modern world.

The upcoming paper, "The Limitations and Potential of ChatGPT in Chemistry Education " by
Thu Nguyen and Yanika Sirichokcharoenkun (2023), delves into the drawbacks and potential of using
ChatGPT in chemistry education. It explores how ChatGPT, a type of chatbot powered by language
processing technology, has become popular in various educational fields, including chemistry. The
authors analyze its limitations, such as its struggle with understanding context, inability to interpret
visuals, and lack of specialized training data. They also highlight its benefits, including providing
personalized help, fostering critical thinking, and supporting self-paced learning. However, they also
acknowledge challenges like accuracy issues and ethical concerns. The paper concludes by offering
suggestions for educators and developers to maximize ChatGPT's benefits while minimizing its
drawbacks in chemistry education.

Summarizing the above information, the impact of artificial intelligence in teaching chemistry
was discussed and literature research was conducted. The purpose of this study is to search for the use of
Al in chemistry education. The research question is “which activities with Al are used in chemistry
instruction”.

Methodology

A literature review research method was used to carry out the research. About 10 works of foreign
and domestic scientists written on Al in chemistry education were studied. These articles were about the
Al in chemistry education, the advantages and disadvantages of Al and impact to the study. Research
works of scientists were taken from the Google Scholar platform. Keywords such as Al, chemistry
education and Al in chemistry education were used to search for the article. The scientific articles were
shown in the following table (Table 1). Each activity with frequency and percentage calculation as
analysis method.

Article Number

Vladimir L. Kodkin & Ekaterina V. Artemeva(2024); Ted M. Clark(2023); 10 articles
Margarida Figueiredo & M. Lurdes Esteves(2014); N.A.B Gray (1988); Wajeeh
Daher, Hussam Diab & Anwar Rayan (2023); Suzanne Fergus, Michelle Botha &
Mehrnoosh Ostovar(2023); Wajeeh Daher, Hussam Diab & Anwar Rayan(2024);
Mary E. Emenike & Bright U. Emenike(2023); R. Perezzan, S. Montalvo-Quiros,
R. Rama-Ballesteros & D. Herrdez-Aguilar(2024); Thu Nguyen and Yanika
Sirichokcharoenkun(2023)

Table 1. Presentation name of the searched articles

Result

After extensive data collection, it was determined that artificial intelligence can be applied to 4
types of activities in chemistry education. The results of the research are shown in Table 2. The table
provides a list of types of activity that can be created by artificial intelligence and research articles,
frequency and percentage in the literature.
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The most common activities identified were answering questions and solving problems (70%).
This indicates that students use artificial intelligence to assist with learning chemistry through these
methods. The least common activities included laboratory work (20%) and making scientific predictions
(20%), such as writing research papers. These tasks tend to be more interesting to college and university
students.

Activity name Article (author, Year) Frequency | Percentage
Creating and solving Vladimir L. Kodkin, Ekaterina V. 4 40%
open-ended and Artem’eva(2024); Ted M. Clark(2023);
multiple-choise Wajeeh Daher, Hussam Diab, and
questions Anwar Rayan(2024); Mary E. Emenike
and Bright U. Emenike(2023)
For Studying Vladimir L. Kodkin, Ekaterina V. 7 70%
Chemistry(answering Artem’eva(2024); N.A.B Gray (1988);
questions, solving Wajeeh Daher, Hussam Diab, and Anwar
problems) Rayan (2023); Suzanne Fergus, Michelle
Botha, and Mehrnoosh Ostovar(2023);
Mary E. Emenike and Bright U.
Emenike(2023); R. Perezzan, S. Montalvo-
Quiros, R. Rama-Ballesteros, D. Herréez-
Aguilar(2024); Thu Nguyen and Yanika
Sirichokcharoenkun(2023)
For Scientific Vladimir L. Kodkin, Ekaterina V. 2 20%
Assumptions Artem’eva(2024); Mary E. Emenike and
Bright U. Emenike(2023)
Laboratory works Margarida Figueiredo, M. Lurdes Esteves, 2 20%
José Neves and Henrique Vicente(2014);
Mary E. Emenike and Bright U.
Emenike(2023)
Table 2. Activities with frequency and percentage
Conclusion

At the end of the study, 10 different articles on "Al in chemistry education” were analyzed,
identifying four types of activities. The main activities include creating and solving both open-ended and
multiple-choice questions (40%), and answering gquestions and solving problems (70%). As suggestions
for further research, I recommend developing a chemistry database for Al to help answer complex
questions accurately; creating a chemistry Al app that consolidates all necessary information; and
developing methods to calculate chemical problems using mathematical formulas. This should also
include inputting these methods into Al to create tasks that are different in formula and calculation but
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have the same final meaning. Implementing these recommendations could significantly enhance students'
chemistry skills and academic integrity.

10.

11.

12.

13.

14.
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EXPLORING THE EFFICACY OF VIRTUAL LABORATORY SIMULATIONS IN
ENHANCING STUDENT LEARNING OUTCOMES

Abstract. Virtual laboratory has become an essential tool to provide Physics subject.VL can be
a great accelerator for delivering complicated and abstract topics in Physics.The study was performed to
understand if a virtual laboratory-based teaching method is effective on student’s academic achievement
in Physics lesson.This study concentrated on academic performance of grade 8 students of Al Farabi
lyceum, school year 2023-2024.The method used in the article is quasi-experimental. The sample divided
to experimental group and control group.In the EG lessons provided by using VL and in the CG provided
as traditional lesson.To measure students academical achievement participants passed pre-post tests. The
study's findings suggested that students learning outcomes might be enhanced by simulation-based
activities. Furthermore, it was shown that the majority of students thought highly of the virtual laboratory
activities.

Keywords: Digital literacy, virtual laboratory, computer-based learning, student achievement

Introduction

Virtual laboratories have emerged as a valuable tool in the field of physics education, providing
students with the opportunity to conduct experiments in a simulated environment. These virtual
laboratories offer several advantages over traditional laboratories, such as cost-effectiveness,
accessibility, and flexibility (Hunt, 2005).0One study conducted by researchers found that virtual
laboratories are widely implemented in universities, particularly in disciplines such as engineering,
computer science, and information assurance.The use of virtual laboratories in physics education has
been particularly beneficial in distance education courses, where logistical challenges and high costs
often limit the ability to perform real experiments. Furthermore, virtual laboratories provide an
alternative solution to address the lack of equipment or space constraints faced by physics students. These
virtual laboratories are designed to parallel the theoretical and computational framework introduced in
traditional lectures, providing students with hands-on experience and reinforcing their understanding of
physics concepts. In the area of chemistry, the implementation of Connected Chemistry through virtual
simulations has shown promising results in terms of student achievement.Similarly, a study conducted
in the field of biology found that computer simulations for sustainable education led to quantitative
improvements in student achievement.Additionally, research has shown that virtual laboratories can
facilitate the understanding of complex concepts and improve representational skills in science subjects
such as chemistry.There is also a strong demand from students for real-life applications and connections
to be included in the virtual laboratory directions.Overall, the literature suggests that virtual laboratories
have shown effectiveness and potential in physics education (Garcia-Martinez et al., 2023).These virtual
laboratories provide a cost-effective and accessible alternative to traditional laboratories, especially in
distance education courses or situations where equipment is lacking or prohibitively expensive.
Furthermore, they have been shown to improve student achievement and understanding of complex
concepts. Virtual laboratories have shown effectiveness and potential in physics education, offering
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several advantages over traditional laboratories such as cost-effectiveness, accessibility, and flexibility.
Furthermore, the use of virtual laboratories can provide students with the opportunity to explore and
experiment with physics concepts in a safe and controlled environment. The general purpose of the article
is to check the impact of the virtual laboratory on the quality of students' education. The specific steps to
be taken to implement this research:

1. Division of research participants into two groups: experimental and control group.

2. Taking pre-test from participants before starting the research work.

3. The main part of the study is to explain the lesson to the experimental group through a virtual
laboratory, and to the control group using the traditional method.

4. Taking post-test from both groups.

5. Deriving results from the obtained results.

Methods

The participants of the study were 52 grade 8 students of Al Farabi lyceum, which 29 were
females, 23 were males. The sample divided to experimental group and control group. From among the
school's classes, two were chosen, one to act as an experimental group and the other as a control group.
26 pupils in the experimental group studied science with the use of virtual lab learning that the researchers
had created especially for this study. 26 students studying science in a typical Physics classroom—the
traditional manner of instruction—made up the control group. In this study used the convenient sampling
method and participants chosen to determine the effectiveness of virtual-based learning on their
academical achievement.
The following instruments were used in this study:
1. A virtual laboratory experiment focusing on the concept of Electricity;
2. Achievement pre-test and post-test;

The quasy-experimental research method of the study used the correlational model. It aimed to
find out if there is a relationship between virtual laboratory-based learning and their academic
performance. The teaching approach (virtual lab versus interactive demonstrations using real lab
equipment) was the independent variable in this study. The conceptual knowledge and attitudes of the
students toward physics were the dependent variables. This was followed by the construction of pre-test
and post-tests, which were administered to selected students. After that, respondents were given a pre-
test, after which virtual laboratory-based learning was carried out. After two weeks, conducted a post-
test to check how well the students understood the published competencies. The results of the tests
performed at the end of the study and were analyzed by Jamovi software by using paired t-test analyzes
to analyze participant outcomes. The correlation between pre-test and post-test two test will be gotten to
certain the effectiveness virtual laboratory -based learning.

Pre -test Group Method Post-test

Achievement Test | Experimental | Virtual laboratory (Phet Colorado) | Achievement Test
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Achievement Test Control (Conventional method) Achievement Test

Table 1. Research design

Results and discussion

Averages and 5Ds Crstrbuen: Tja23)

10

Control Experimental

Table 3- Distribution T (df:25)
Results of the paired-t test indicated that there is a significant large difference between Control (M =

11.8, SD = 1.8) and Experimental (M = 14.3, SD = 1.7), t(25) = 9.1, p < .001. The sample difference
between the averages of Experimental and Control is big enough to be statistically significant. Research
has shown that students who engage with virtual laboratories demonstrate improved understanding of
scientific concepts and increased retention of knowledge compared to those who only engage in
traditional laboratory settings.

Research findings consistently demonstrate that students who actively engage with virtual
laboratories exhibit a deeper understanding of scientific concepts compared to their counterparts in
traditional laboratory settings. These virtual environments enable students to manipulate variables,
observe outcomes, and conduct experiments in a controlled yet interactive manner, fostering an
immersive learning experience.

Conclusion

In conclusion, we found that using Virtual laboratory is effective in teaching Physics. Based on
the results of this study, it seems clear that the use of VL increased student achievement levels and had
a positive effect on students' Physics.The study showed that there is significant correlation between
students academical performances after using virtual laboratory-based learning.

We may infer that virtual laboratories are a useful tool for improving students' understanding of
science subject and that they are suitable for conducting real-world experiments using topics connected
to electricity. Virtual laboratories must therefore be included in the science curriculum. Additionally,
educators ought to be urged to utilize the virtual labs that are accessible, as they aid in pupils'
comprehension and provide several opportunities for experience with inquiry.

If the findings of this study can be applied to other research populations, more research with
students at various educational levels should be conducted. The quantitative results of this study, which
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examined the efficacy of virtual labs, were constrained, and additional research utilizing qualitative
techniques might be required.
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HARDWARE AND SOFTWARE TOOLS IN CHEMISTRY EDUCATION

Abstract. This review explores the impact of technology on chemistry education. Augmented
reality (AR) offers interactive learning experiences, while smartphones provide hands-on
experimentation tools. Virtual reality (VR) platforms simulate field trips for environmental chemistry.
Educational software, like CocoSoft, automates analytical chemistry processes. The integration of
computational chemistry tools and virtual simulations bridges theory with practice. This review
highlights the benefits and challenges of technology in chemistry education, emphasizing its potential to
improve learning and readiness for a technology-driven world.

Keywords: Technology, hardware, software, integrative chemistry, chemistry teaching

Introduction
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In recent years, the integration of technology into chemistry education has seen a significant
surge, revolutionizing traditional teaching methods and enhancing student engagement. This
transformation is evidenced by the exploration of various technological tools such as augmented reality
(Abdinejad et al., 2021; Irwansyah et al., 2018), smart devices (Williams & Pence, 2011), virtual reality
platforms (Fung et al., 2019), and educational software (Cocovi-Solberg & Mird, 2015; Lancashire,
2000). These advancements have not only provided innovative avenues for delivering educational
content but have also facilitated interactive learning experiences (Jammeh et al., 2023). Furthermore, the
integration of computational chemistry tools (Esselman & Hill, 2016; Kind et al., 2009) and virtual
simulation technologies (Li et al., 2021; Kobayashi et al., 2021) has contributed to bridging the gap
between theoretical concepts and practical laboratory applications, offering students hands-on
experiences even in remote settings. This article explores the multifaceted landscape of technology
integration in chemistry education, shedding light on its benefits, challenges, and future prospects.

Literature review

The integration of technology into chemistry education has garnered considerable attention from
researchers and educators alike, with a growing body of literature highlighting its diverse applications
and benefits. A notable area of exploration involves the utilization of augmented reality (AR) and 3D
visualization technologies, as demonstrated by Abdinejad et al. (2021), who examined student
perceptions in chemistry education. Their findings underscored the potential of AR in enhancing students'
understanding of complex chemical concepts by providing immersive and interactive learning
experiences.

Similarly, the efficacy of smart devices in the chemistry classroom has been investigated by
Williams and Pence (2011). Their study emphasized the transformative role of smartphones as powerful
tools for facilitating hands-on experimentation, data collection, and visualization, thereby enhancing
students' engagement and learning outcomes.

In the realm of virtual reality (VR), Fung et al. (2019) explored the application of VR platforms
in environmental chemistry education. By simulating field trips to overseas sites, VR technology offered
students an immersive learning experience, transcending geographical constraints and fostering
experiential learning opportunities.

Moreover, the integration of educational software has been recognized as a valuable resource for

enhancing teaching and learning in chemistry. Cocovi-Solberg and Mir¢ (2015) introduced CocoSoft, an
educational software designed to automate analytical chemistry laboratory processes, thereby
streamlining laboratory workflows and improving efficiency.
Beyond specific technologies, researchers have also investigated broader themes such as technology
attitudes among pre-service chemistry teachers (Yavuz, 2005) and the self-efficacy beliefs of chemistry
educators regarding technological tools (Blonder et al., 2013). These studies shed light on the importance
of addressing educators' perceptions and readiness to integrate technology effectively into their teaching
practices.

Furthermore, the emergence of open-source software has democratized access to computational
chemistry tools, enabling broader participation and collaboration in research and education (Lehtola &
Karttunen, 2022; Kind et al., 2009). This democratization has paved the way for innovative approaches
to teaching and research, empowering students and educators to explore complex chemical phenomena
in virtual environments.
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Purpose: The purpose of this study is to identify the efficient technological tools in chemistry
instruction.
Research question: What kind of hardware and software are used in chemistry education?

Methodology

Research Design

The research process begins with the identification of relevant search terms and keywords, guided
by the research focus on technology integration in chemistry education.Google Scholar is utilized as the
primary search engine for academic literature, given its comprehensive coverage of scholarly
publications across disciplines.Keywords such as "chemistry education,” "technology integration,” and
specific technology terms (e.g., "augmented reality,” "virtual reality™) are entered into the search bar to
retrieve relevant articles.

Sampling.
Author, year of publication Description

M. Abdinejad, B. Talaie, H. S. Qorbani, S. This study examines student views on

Dalili (2021) augmented reality (AR) and 3D visualization
in chemistry education.
A. J. Williams, H. E. Pence(2011) They investigate the potential of smartphones
as effective tools for hands-on

experimentation, data gathering, and

visualization in chemistry education.
Fung, F. M., Choo, W. Y., Ardisara, A., Published in 2019, this study shows how VR

Zimmermann, C. D., Watts, S., Koscielniak enhances environmental chemistry education
by simulating overseas field trips, offering
immersive learning experiences and improving
student understanding and engagement.

Blonder, R., Jonatan, M., Bar-Dov, Z., Benny, Looking into the effects of equipping
N., Rap, S., & Sakhnini, S. (2013) chemistry teachers with tech tools, this study
delves into boosting their self-confidence. The
research examines how platforms like
YouTube can enhance teachers' comfort in
using technology, providing insights into
technology's role in improving chemistry
educators' efficacy.
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A. L. Jammeh, C. Karegeya, S. Ladage (2023) | Exploring the integration of SMART notebook

software in chemistry education, this study

focuses on creating interactive classroom
experiences.

Z.Li, Y. Cao, J. Luo (2021) Examining the use of virtual simulation
technology in chemistry teaching, this study
explores its potential benefits and applications,
offering insights into its effectiveness for
educators and students.

R. J. Lancashire (2000) The article explores how leveraging the
Internet as a teaching tool enhances access to
resources, collaboration, and interactive
learning experiences for both educators and
students in the field of chemistry.

D. J. Cocovi-Solberg, M. Mir6 (2015) Exploring CocoSoft, this study focuses on
educational software designed for automation
in the analytical chemistry laboratory. It likely
discusses how this tool improves efficiency
and learning experiences in analytical
chemistry education.

W. Yu, L. Chen (2012) Examining the use of computer software in
chemistry teaching, this study likely discusses
how these tools enhance the learning
experience.

Data collection

During the research, | utilized Google Scholar to search for articles related to the integration of
technology in chemistry education. | focused on keywords such as "chemistry education,” "technology
integration,” and specific technologies mentioned in the provided references, such as "augmented
reality," "virtual reality," and "educational software.

After conducting initial searches, | explored various academic databases, including PubMed,
Scopus, and Web of Science, to identify additional relevant literature. This comprehensive search
strategy ensured that a wide range of sources were considered for inclusion in the analysis.

Each article retrieved from the searches was critically evaluated based on its relevance to the research
topic and its potential to contribute valuable insights. Special attention was given to articles that
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specifically addressed the integration of technology in chemistry education, as well as those that provided
empirical evidence or practical applications of technological tools in educational settings.

The selection criteria for inclusion in the analysis were based on the article's publication date,
language (English), and its focus on technology integration in chemistry education. Non-peer-reviewed
sources and publications not directly related to the research topic were excluded from consideration.

After reviewing the articles, relevant data were extracted, including author names, publication
year, journal title, article title, and key findings related to the integration of technology in chemistry
education. This data collection process helped ensure that only high-quality and pertinent articles were
included in the analysis, contributing to a comprehensive understanding of the role of technology in
enhancing chemistry education.

Data analysis

Throughout the study, the focus was on analyzing the integration of various technological tools
and approaches in chemistry education. The analysis aimed to uncover the frequency of each
technological tool's mention in the literature and determine the percentage of articles discussing their
effectiveness and implementation strategies.

Result

As the result, in the reviewed literature on technology integration in chemistry education,
Augmented Reality (AR) was discussed in 10% of articles (two studies), Virtual Reality (VR) was
represented in 5% of articles (one study), Educational Software was found in 15% of articles (three
studies), Computational Chemistry was featured in 15% of articles (three studies), Virtual Lab was
discussed in 10% of articles (two studies), YouTube was addressed in 5% of articles (one study), and
General Technology Integration was mentioned in 15% of articles (three studies).

In the findings from the literature, the efficient technological tools in chemistry instruction were
identified. These are presented in Table 2.

Name of tools Name of article Frequency Percentage
2
Augmented Reality | Abdinejad, M., Talaie, B., Qorbani, H. 10 %
(AR) S., & Dalili, S. (2021).

Irwansyah, F. S., Yusuf, Y. M., Farida,
I., & Ramdhani, M. A. (2018,
January).

1 5%
Virtual Reality (VR) Fung, F. M., Choo, W. Y., Ardisara,

A., Zimmermann, C. D., Watts, S.,
Koscielniak, T., ... & Dumke, R.
(2019).
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Educational Software

Cocovi-Solberg, D. J., & Mir6, M.
(2015).

Yu, W., & Chen, L. (2012).

Jammeh, A. L., Karegeya, C., &
Ladage, S. (2023).

15 %

Computational
Chemistry

Lehtola, S., & Karttunen, A. J. (2022).
Kind, T., Leamy, T., Leary, J. A., &
Fiehn, O. (2009).

Esselman, B. J., & Hill, N. J. (2016).

15%

Virtual lab

Li, Z., Cao, Y., & Luo, J. (2021).

Kobayashi, R., Goumans, T. P.,
Carstensen, N. O., Soini, T. M.,
Marzari, N., Timrov, I., ... & Talirz, L.
(2021).

10 %

YouTube

Blonder, R., Jonatan, M., Bar-Dov, Z.,
Benny, N., Rap, S., & Sakhnini, S.
(2013).

5%

General Technology
Integration in
Chemistry Education

Belford, R. E., & Gupta, T. (2019).

Reyes, P. B., & Silang, Z. D. (2021).
Gupta, T., & Belford, R. E. (2019).

15%

Table 2. Technological Tools Used in Chemistry Instruction

This table provides a summary of various tools used in chemistry education, along with the
frequency of their mentions in the literature. The "Name of Tools" column lists the specific tools, such
as Augmented Reality (AR), Virtual Reality (VR), Educational Software, Computational Chemistry,
Virtual Lab, YouTube, and General Technology Integration. The "Name of Article” column lists the
articles where these tools are mentioned. The "Frequency" column indicates how many times each tool
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is referenced in the literature, and the "Percentage™ column shows the percentage of the total mentions
that each tool represents.

Conclusion
The integration of technology in chemistry education has revolutionized teaching methods,

enhancing student engagement and understanding. Augmented reality (AR), virtual reality (VR),
educational software, and computational chemistry tools have all shown promise in providing immersive
learning experiences. From smartphones enabling hands-on experimentation to VR platforms offering
virtual field trips, these technologies bridge theory and practice. Despite challenges, such as access, they
hold the potential to prepare students for a technology-driven future. Continued research and innovation
in technology integration are key to advancing chemistry education.

10.

11.

12.
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KA3AK TIJII CABAKTAPBIHJIA THOOTPA®GUKA KOJIAHY ABIH THIMILTITT

Anjparna. Makanana Ka3ak TuTl cabaFbIiHa OKy MaTepuaniapeiH nH(orpadrkaHbiH KOMETIMEH
BH3YyaJIJIayIbIH THIMJI TYCTaphl, JKOJIApbl KapacThipbuiaasl. MHborpaduka — oKymibLiapra Kypaeii
YFBIMJIAp/IBI TYCIHYIe OHaAl, KOPHEKI TYypJle KOPCETYI KaMTaMachl3 €TeTiH Kypai. buriM amymbiiapra
aKnapaTThl JKaKChIpaK TYCIHyre, €CTe caKTayFa, OJapiblH MpoOiieManapapl IIENly IaFabLIapbiH
KaKCapTyFa jKOHE IIbIFApMAIIbUIBIK KaOUIeTTepiH apTThIpyFa BU3yaIH3aI[UsIHbIH KOMEKTECETIH1 O iIi.
Maxkanana uadorpadukanblH OKYLIBUIAPABIH OeTICEeHALTIT iHEe, OLTIM/I1 MEHIepYiHE JKOHE ecTe CaKTayblHa
acepi KapacThIpbLIaIbl.

Tyiiin ce3aep: Ka3zak TiIi, BU3yanaay, HHporpaduka, OKbITY d/1icTeMect

Kazipri ke3e TyThIHATBIH aKnapaT KeJyieMi Jie, aklapar ajaMacy >KbUITaMJIbIFbl 1a alTapibIKTai
ecTi. XX FachIp/IbIH asFbIHA OMIp CYpreH aJlaMHbIH Oip anTaja TYThIHFaH aKnapaThl *KY3XKbILJIIbIKTBIH
OaceIHJ]a ©MIp CypreH aJaMHBbIH FYMbIp OOWbI TYTBIHFaH akmapaTbhlHaH ackln Tyceni. binim Oepyxae ae
OypbIHIapbl MyFaTiMep, KITanTap *Kalfbl3 aknapar ke3i 6osca, XXI raceipiia FanamTop OYKiT agam3aT
TapUXbIH/A )KMHATIFAH aKMapaTThl KOJDKETIMII eTTi.
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AxmapaTThlH KeOCHIMEH OHBI KaObuIIay na KublHIal TycTi. Heiipoouonor [[pauens JleButun
“Opranu3oBaHHBIN yM: MBIIUICHHE B BEK HMH()OPMAIIMOHHOW Heperpy3ku’ KiTaOblHAa 3eHiHAl agam
ar3aChIHJIaF bl MAHBI3/Ibl MEHTAJIIbI PeCypCTap IbIH Oipi €N aTarl, ajaM MUbIHBIH 3€iiH/Ii IOFBIPIAHIBIPY
KaOLIeTiHIH MIEKTENYiH Ka3ipri KOFaMHBIH 0acThl Maceneci aen kepcereni (Jlesutun J1).

TexHOJIOTHSIHBIH KaphIIITall JaMbIFaH 3aMaHBIHAA OUTIM ayIIbUIApABIH Ja 3eHiHIH OKyFa
HIOFBIPIAHJIBIPY KYplesieHe TYcTi. TeK OKYNBIKIIEH OKBITY, TaKTara >Ka3blll TYCIHIIPY, MYFaJIIMHIH
aybI3ina OasHmaybl, T.0 CEKUIAl aKmapaTThl YCBHIHYABIH JOCTYPIi Typiepi kerkimikciz. Cebebi xaHa
OybIH eKinaepi, sFHU Z, anb(ha ypriak KIHINTIK oijayFa OCHIMACNTCHIIKTCH, OKY MaTephalapbiH
BU3YaJIIBI TYPJIE YCHIHY THIM/II O0JIMaK.

Busyannay — caHIbIK KOHE MOTIHAIK aKMapaTThl OapblHIIA TYCIHIKTI KOHE MEHTepyre oHaii
OonaTblHIal KepHEeKl TypAe YCbIHY. AKmapaTThl BU3yanjay YIIIH (QUUIOYK, Mpe3eHTalus, aKkpli-oi
Kaprtacel, nuHdorpaduka, mocrep, T.0 TUGPIBIK Kypaigap KojagaHsuiaasl. Ockl opaiiia MakaliaMbI3Fa
HBICAH PETIHJIe, Ka3aK TUIl cabaFbIHAAa aKmapaTThl BU3YyalIayIblH KYpajbl, OKBITYAAFbl THIMII TOCUI
peTinze nHporpapuKaHbl aJblll OTHIPMBI3.

Nudorpaduka (mat. TutiHeH informatio xabapmap 0oy, HakTbUIay, KOPCETY; T'PeK TUIIHEH
grafikos >kaz0aima, jka3y) - KypAeli akmapaTThIH KapamaibIM >KOHE TapThIMIbI HYCKaJIaFbl BU3YaJJIbl
Ma3myHbl. MHporpaduka akmapar neH cypeTTiH yilieciMm TaOybiMeH epekuieneHeni. MHdorpaduxa
MeMa, TU3aiiH cajaiapbiHaa KeH KoyigaHbliaabl. bitivm Oepy yaepiciHe ae KapKbIHAbI €HII, FhIIbIMU-
3epTTeY )KYMBICTApbIHA TAKBIPHII PETIHJIE JIe KAPACTHIPHLTYIA.

Wndorpaduka OutiM amymibiapIblH KbI3bIFYIIBUIBIFBIH OSTHII, aKapaTThl AYPBIC KyHeneyre,
Tajjayra >JKOHe CcHHTe3deyre kemekreceal. Kypnaemi akmapaTTsl OHTaWIaHABIPHIN, OKbIpMaH
WHTEpIpeTaIusChIHA k01 amasl. CoOHali-aK BU3yaslibl, KpEaTUBTI OIay AaFIbUIAPBIH KETUIIIPEIi.

Wudorpadukanbly aknapaT Ma3MyHbIHA Kapall CTaTHCTUKAJBIK, aKMapaTThIK, reorpadusiibik,
CaJIBICTBIPMAJIBI, MEPAPXMSUIBIK, XPOHOJIOTHSUIBIK JKOHE MPOLEAypalblK CEeKuLal OipHemie Typi Oap
(Kunenko O., Knumora B, 2017: 39). Onapasl Ka3ak TUTIH MEKTEN OKYIIbLJIapblHA OKBITY YIIIH g,
JKOO-na cryneHTTepAi OKBITY YIIIIH J¢ KOJaHca 00JIabl.

Erep ci3 6ip KyOBUIBICTBIH, 3aTTHIH TAPUXbIH aUTKBIHBI3 KEJICE, MaHbI3Ibl KyHAEP/l OCNTUIeT1HI3
KeJice, OKUFaJlapFa 10Ny JKacarblHbI3 KEJICe, XPOHOJIOTHSUIBIK HH(OTpadrKaHbl KOIIaHy THIM/TI 00JIMaK.
Anamyiap yakpIT MeH KEHOCTIK YBIFBIMBIH OaillaHbICTBIPATHIHABIKTAH, XPOHOJIOTHSIIBIK HH(pOTpaduka
Oenrini Oip yaKbIT KE3€HIHIH aHBIK OCHHECIH KopceTyre koMeKkTecei. MacerneH, CTyIeHTTepre Ka3ak Tl
OUTIMIHIH KaJbIITACybl MEH JaMy Ke3eHJIEpIH TYCIHIIPY YIIIH XPOHOJOTHSUIBIK HH(pOrpauKaHbl
Konaany tuimai. Madorpadukansiy Oy Typi oKuranap Ti30eriH, OpbIH aily Ke3eriH, 0ip KyObUIBICTHIH
KAJBINTACKIN, JaMy Ke3€HIEpIH KepceTy VIIIH KOJAaHbuIajgbl. TemeHAeri XpOHOJIOTHUSIIBIK
unporpadukagan Kazak TiUT OUTIMIHIH Kail Facelpa KajiblliTaca OacTaraHbIH, YaKbIT ©T€ Kelle Kayial
JaMbIFaHbIH, KIMIEp 3€pTTereHiH, KaHJail eHOeKTep JKa3bUIFaHblH Kepyre Oomanel. byn Oinim
QITYIIBIHBIH MUBIHJA TYCIHIIPUIIN *KaTKaH KYOBUIBICTBIH TOJIBIK OeiHEeC1 KaJIBINTACHII, €CTe CaKTayblHa
MYMKIHIIK Oepei.
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An  akmaparTelk uWHMOrpadukaHbl Ke3 KEIreH J>KaHa TaKbIPBITTHI
OKBITKAHJIa, epeKeNepl TYCIHIIpreHae KoJjaaHyFa Oosamel. Meicanm peTiHfe
OepiUIreH KeceMIlle »JKalibl aKmapaTThlK HWH(porpadukaga KeCceMIIeHIH
AQHBIKTAMAaChl, KOJIAHBICHI, JKacaly JKOJIJApbl JKOHE COMIeMJieri KbI3MeTi
KaObu1IayFa ®KeHLI, Kyiem Typae oepitren. Mudorpadukara kapar-ak, OipiHIri
Ke3eKTe Kall aKnmapaTKa Ha3ap ayiapy KepeKTiriH, oJjaH KeiH Kail aKrapaTThl OKY
KEpeKTIriH OHaill TyciHyre Oomanmbl. AKmapaTTelK HWH}Orpadguka apKbLIbI
MOJIIMETT1 KEHUT 9pi TapThIMABI eTill Oepinl KaHa KoWMaid, OUTIM alyIIbIHBIH
BHU3YyaJl/Ibl OWJIAybIH JAMBITBII, aKIapaTThl €CTe caKTay KaOUIeTiH apTThIpyFa
Oosanpl. AKmaparThlK MHGpoOrpadukana Kapin MeH KECKIHISPAIH eJIIeMi MEH
cTiili MaHb3Abl. OKbIpMaHHBIH KO31H IOMEKT1 Typle OarpITTay YIIIH OeTTeri
HBICAH/IaP/IbIH OPHAJIACYHI JIa MAHbI3/IbI.
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Wndorpadukansia Tarsl n1a O6ip TYpi - canbicThIpManbl HHOTpaduka.

AbIBbICTAP

byn dopmar OipHemie HBICAaHIBI, anamibl, TYKBIPBIMIBI, OHIMII HEMece
OpeHATTI CaNBICTBIPY VINIH maifgansl. bymail cambICTBIpy €Ki HBICAHHBIH
YKCACTBIKTap MEH aWbIpMAIIbUIBIKTAPBIH KOPCETYre KOMEKTeceli. OIeTTe,
[RSPSSPR  CaTBICTRIPMAITBI MH(pOTpaduKa TIriHEH HeMece KOJICHEHHEH eKire OeuriHiI, op
KarblHJIa Op 3aTThIH HE KYOBUIBICTBHIH aWbIpMAIIBUIBIKTAPhl KOPCETLIC .
Bepinren campicThipManel  MHGOTrpaguKaga AAybICTBI KOHE  JaybICCHI3
JBIOBICTHIH AMBIPMAIITBLIBIFBI KOPCETUITEH.

Nnudorpadukara kapar, OuUTIM anymbuiap 1aybICThI JbIOBIC TIEH AAYBICCHI3
JBIOBICTAP/IBIH AHBIPMAIIBUTBIFBIH OHAW MeHrepeni. OmapablH Kail sKaFbIHAH
CaJIBICTBIPBLIBII TYPFAHBIH TYCIHEII.

Kopeita aliTkanga, uHdorpaduka - OKy MaTepuajblH >KEHUI 9pi
TapTBIMJIBI €TINl OEpeTiH, KOJEeM 1 aKnapaTThl MIaFbiH, Oipak Ma3sMyHbI TYpIe
YChIHYFa MYMKIHJIK OepeTiH, OUTIM amylIbUIapAblH OKYy MaTepHallblH UTepy
TUIMIUIITIH apTTBIPAThIH, OJIAPJABIH KbI3bIFYIIBUIBIFBIH OSATaTBhIH, BHU3YyasJbl

JKOHE KPEaTUBTI OMJIaybIH JaMBITAThIH Kypan. Kazak Tuti cabarbiHIa Ja OKY

MaTepuaiablH MHGOrpapuKaHbIH KOMETIMEH YChIHY THIMJII. ATam alTKaHja,

aKMaparThIK, CabICTBIPMalibl, XPOHOJOTUIBIK HH(porpaduka hoHETHKa MEH
rpaMMaTHKa epexeNnepid, Ka3ak TUTIHIH JaMybIH TYCIHAIPY YIIiH MaianaHblia agaibl.
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«IIPEHIOJABAHUE I'EHETUKHA C UCITIOJIbB30OBAHUEM CUCTEM UCKYCCTBEHHOI'O
HUHTEJVIEKTA: IPEUMYIIECTBA U HEJOCTATKMN»

AnHoTanus. VckycctBennslii nHTeuekT (M) cnoco6eH peBoIIOIMOHN3HPOBATh 00pa3oBaHHe,
yaydinas KadyecTBO OOy4YeHHsI YdJalluxcs W TOMOTas TMpernojaBaTelisiM B HMX MPaKTHYECKOMN
nestensHOCTH. Mcmonb3ys wmetonsl WM, Takume Kak WMHTEIEKTyallbHbIE CHCTEMBl OOYYeHHs,
BHUPTYaJIbHBIE ACCUCTEHTHI 1 aHATUTUKA JAHHBIX, KIIACChl MOTYT CTaTh 0OJiee MepCOHATU3UPOBAHHBIMH,
MIPUBJICKATENFHBIMA U 3(PQPEKTUBHBIMH. YUalluecs MOJIy4aloT BHITOAY OT MEPCOHATU3MPOBAHHBIX

117


mailto:ayashkaazhigulova@gmail.com

METOJ/IOB OOYYEHHS, aJalTUBHON OOpaTHOW CBSI3U M BO3MOYKHOCTEW HJISi COBMECTHOW pabOThI, YTO
IPUBOJUT K YAYYIIEHUIO [IOHMMAaHHS, PAa3BUTHI0 HAaBBIKOB KPUTHYECKOTO MBIIUIEHUS U
caMoCTosATeIbHOMY oOydeHuto. llpenonaBarenu, ¢ Apyrod CTOPOHBI, MOTYT aBTOMaTHU3UPOBATh
aJIMUHUCTPATHUBHBIC 33]1a4M, IOJIy4aTh HH(OPMAIHIO 00 YCIIEBAEMOCTH YJaIIMXCsl HA OCHOBE JTaHHBIX U
BHEIPSTh HMHAWBHIyaJbHbIE cTpaTerun oOydeHus. MHTerpamusi UCKYCCTBEHHOI'O WHTEJIEKTa B
oOpa3zoBaHue 00emaeT yaydllIuTh Pe3ynbTaThl 00y4eHUs, TOBBICUTH d(Q(PEKTHBHOCTH U IPeoOpa3oBaTh
00pa3oBaTeNbHBIN OIBIT JJIS1 BCEX 3aMHTEPECOBAHHBIX CTOPOH.
KuroueBrble ciioBa: VIcKycCTBEHHBIN HHTEIIIEKT, 00pa30oBaHUE, TEHETHKA, IPEUMYILIEC

BBenenue

I'eneTrka - 3TO Hay4Has 00JIACTh, KOTOpAs U3ydaeT CXOJCTBA (HACIEACTBEHHOCTD) U PA3INIHS
(Bapualum) MEXJy POIMTENSIMH W HMX IMOTOMCTBOM. Ero 1enb - MOHATh, KaK XapaKTePUCTUKU
WHJIMBUIYyMOB HACIIEYIOTCSI OT UX POJUTEINIEH U MepeialoTes 13 mokojieHus B nokoserue (AKinnubi et
al., 2012: 16). IlocienHue NOCTHXKEHUS B OOJACTH T'CHETHKH OOCIIAIOT YIYYIIUTH JUATHOCTHKY,
nedeHrne W npoduiakTuky 3aboneBanmii. Kak momuepkayn Oskan (Ozcan, 2014: 3187), mporpecc B
00TacTH TEHETUKH, MOJICKYJISIPHON OHOJOTMH W OHOTEXHOJOTHMH BHEC 3HAYUTENBHBIA BKIIAJ B
yIydIIeHUe )KU3HH YeJlOBeKa. 3HaHUS B 00JIaCTH T€HETHKU UTPAIOT KITFOUEBYIO POJIb B Pa3BUTHHU TaKHX
obOnacteld, Kak KuOeppu3NYEeCKue CHCTEeMbl M MOJIEKYIspHas OHOJIOTHS, KOTOpblE CUHUTAIOTCS
KaTaau3aTopaMH dYeTBEepTOi mpomblnuieHHO#H peomonun (4IR) (Maynard, 2015). YuurteiBas
KPUTHUYECKYIO BAKHOCTh T€HETHKH, BO BCEM MHPE CYIIIECTBYET MOTPEOHOCTH B ONBITHBIX IeHETHKAX. X
OTIBIT UMEET pelIaroIiee 3HaueHue 111 60prObI ¢ 6osee yem 10 000 3a6oaeBanmii YemoBeKka U MHPEKIUH,
BO3HHUKAIOIIMX B pe3yibrare reHernueckux myramuii (Goy et al.,, 2019; World Health Organization,
2018). DOTu MyTamuu Co3aI0T CEPbE3HbIE MPOOJIEMBI ISl 3J0POBbSI BO BCEM MHUPE, U TEHETUKH TaKKe
WUTPAlOT XKU3HEHHO BaXHYIO poJib B TectupoBanuu JIHK, ximoHmpoBanum, paspaboTKe T€HETHUYECKU
moauuimpoBanusix opranu3moB (I'MO), BeisBiennun 3aboneBanuii (Choden & Kijkuakul, 2020),
TCHETUYECKOM CEKBEHUPOBAHHM M OMOJIOTMUYECKHX MCCIICJOBAHUAX, a TaKKe B JAPYrux oOmactsax. B
COBPEMEHHBIX HAYYHBIX MCCIICIOBAHHUIX TEHETHKA OCTACTCS PYHIAMEHTAIbHONW U HE3aMEHUMON TeMOM
(Choden & Kijkuakul, 2020: 445; Dorjee et al., 2017). ITIpo6semMsbl, cBsi3aHHBIE ¢ 00yYCHHEM ICHETHKE,
COXpaHSIOTCS B HEKOTOPBIX CTCHAaX YHHBEPCUTETAa W3-32 YCTapEBIIMX METOJOB OOYYCHUS U
HEJIOCTATOYHOTO  HCHOJBh30BAHUS COBPEMEHHBIX OO0pa30BaTENBHBIX TEXHOJIOTHH, TaKUX Kak
HMCKYCCTBEHHBIM MHTEIJICKT, JAOMOJIHEHHAs U BUpTyalbHas peanbHOCTh (AR 1 VR), poboToTexHuka u
apyrue. Mbl mpearnosiaraeéM BHEAPCHHE TEXHOJOTHMH HMCKYCCTBEHHOTO HMHTEIUICKTa, B YaCTHOCTH
MHTEJUIEKTYalbHBIX o0y4atonux cucreM (ITSS), ans ynydmenus npenogaBaHus U U3y4eHHs] TEHETHKU.
DTO mepenoBble MHCTPYMEHThI Ha 0a3e HWCKYCCTBEHHOTO WHTEIUICKTa, CIIOCOOHBIE OO0CCICYHTh
WH/IMBUYAIBHOE PYKOBOJCTBO W TMOJACPKKY ydammuMmcs. OHHM JIOCTHTAlOT 3TOTO, OICHHBAs
YCIIEBAEMOCTh U MMOBE/ICHUE YUAIIUXCSI 1 ABTOMATUYECKHU MPEJOCTABIISIS COOTBETCTBYIOLIYIO OOpaTHYIO
CBSI3b.

Llens TaHHOM CTAThH COCTOWT B OTIPENEIICHUN BIUSHHS MCKyccTBeHHOro mHTeiutekra (M) Ha
o0Opa3oBaHue M TMPEACTABICHUN BCECTOPOHHETO 0030pa JaHHOW TeMbl. Kpome TOro, Mbl IUIaHHpyeM
pPaccMOTpPETh MPEUMYILECTBA M HEJIOCTaTKH uctosib3oBanus U B menaroruke.

HckycTBeHHBIN HHTE/UIEKT B c(epe o0pa3oBaHue
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Mpbl TOJKHBI TPU3HATH, YTO MU(PPOBBIC TEXHOJOTMH CTAIH HEOTHEMJIEMON YaCThIO Harlen
MMOBCETHEBHOM KM3HU. DTH TEXHOJOTUU MEHSIOT TO, KaK MbI HIeM WHPOPMAIUIO, O0IaeMcst Ipyr ¢
JIPYroM M Jaxke Beaem cedsi. B HacTosiee BpeMsi, ¢ pa3BUTHEM MUPOBOW HAYKU U TEXHUKH, TEXHOJIOTHH
HMCKYCCTBEHHOTO HHTEIJJIEKTa TaKXKE COBEPIICHCTBYIOTCS CEMUMUJIBHBIMHU IHaramu. TeXHOJOTUHU
HMCKYCCTBEHHOTO MHTEJUICKTA IOCTOSHHO OOHOBJISIFOTCS M IIMPOKO HCIOJIB3YIOTCS B Pa3IMYHBIX
obmactsax (Jatileni et al., 2023; Sanusi et al., 2023a: 5967). HeociopumbiM (hakTOM SBJSICTCSA TO, YTO
MCKYCCTBEHHBI MHTEJUICKT BCE OOJIBIIE TIPOHUKAET B 00pa30BATEIIBHYIO Cpeay M yIeOHBIN IpoIiecc.
[Ipomecce pa3BuTust Bce OOJIBIIE JIFOCH 0OpaMIalOT BHUMaHUE HA BAXXKHOCTh ATOW TEXHOJIOTHH B cdepe
oOpazoBanus. VICKycCTBEHHBIH HWHTEIUIEKT IIMPOKO HCIOJB3yeTcss B cepe oOpa3oBaHus H
MPOIEMOHCTPUPOBAJI CYITIECTBEHHBIE MPEUMYIIIECTBA B IPUMEHEHUH, YTO OKA3bIBACT TITyOOKOE BIUSHUE
Ha y4eOHBIM mpolecc M ympaBiieHHe. B pesynbrare oOpa3oBaTelbHas cpefla TakKe IpeTeprieBaeT
m3meHenusa. Ha camom neme, Bce Oosbiiie U OoJblle Yy4eOHBIX 3aBEJCHUN BHEAPSAIOT U POBYIO
KyJIbTypy B CBOM yueOHbIe Tu1anbl. Harpumep, Bo @paniium axe B HAYaIbHBIX IIKOJIAX TPEIIararoTcs
KYpCBhI IO UHTEPHET-TEXHOJIOTHSM, B TO BPEMSI KaK CTapIlIEeKIACCHUKH JIOJKHBI CIaBaTh K3aMEH, YTOObI
MPOIEMOHCTPUPOBATH CBOU HABBIKKU PabOTHI ¢ KoMIbloTepoM. KpoMe Toro, MHOTHE yueOHbIE 3aBEICHUS
BHEJIPUJIM CHCTEMBI YIIpaBJIeHUs 00yueHueM, Takue kak Moodle, st oOneruenus mporecca 00ydeHus.

B macrosee BpeMs B mMTepaType MOXKHO HaWTu MHOkecTBO omnpeaeneHnii M. Cornacho,
“HCKyCCTBEHHBIM MHTEJUICKT - 3TO JESITENbHOCTh, HANpaBJICHHAs HA TO, YTOOBI CIeiaTh MAaIIWHBI
WHTEJUICKTYaJIbHBIMHA, a HMHTEJUIEKT - 3TO KAa4eCTBO, KOTOPO€ TO3BOJISIET OpraHU3aluH
(GYHKIIMOHUPOBATh HaJJIeXalluM 0o0pa3oM M C MpeIBHUJIEHHEM B OKpyxkarouiei cpeae”. Eme oaHo
KIIIOYEBOE OIpEeJIeICHUE ITON TEXHOJIOTUU MPEJICTABICHO BHU3Y:

* MIcKkycCTBEHHBIN HHTEIUIEKT - 3TO “00JIaCTh KOMIBIOTEPHBIX HAYK, 3aHUMAFOIIASCS PEIICHUEM
KOTHUTHUBHBIX 3371a4, 0OBIYHO CBA3aHHBIX C UEJIOBEUECKUM UHTEJUIEKTOM, TAKUX KaKk 00y4YeHHe, perieHue
3a/1a4 ¥ pacrno3HaBaHue 00pazoB”.

* VIcKyCCTBEHHBIN MHTEIIIEKT - 3TO “TEOpHUS U pa3pabOTKa KOMIIBIOTEPHBIX CUCTEM, CIIOCOOHBIX
BBITIOJIHATh 33/1a4, OOBIYHO TpeOyrollhe YeIOBEYEeCKOro HHTEIUIeKTa, TaKue KaK BH3yalbHOE
BOCIIPUSTHE, PACIIO3HABAHUE PEUH, IPUHIATHE PEILICHUIN U MEPEBOI MEX Y SI3bIKAMH .

[To Bcemy Mupy 3amyckaeTcs MHOXKECTBO NMPOEKTOB, cBsizaHHbIX ¢ M. B cBoem exerogHnom
OTYETE O HOBBIX TEXHOJOrHsAX Kommanus Gartner mnpenactaBuwia WHGOPMAIUIO, OIMKCHIBAIOIIYIO
nosisienne MM Ha phIHKE Kak MEpPCIEeKTHBHYI TexHoyoruto. CorjiacHO OTYeTy, ‘‘ClOCOOHOCTH
UCIOJIb30BAaTh HCKYCCTBEHHBIM HMHTEUIEKT JUIsl YAY4IIeHHs Tpollecca TMPUHATHS —pPELICHHH,
MepeocMbICIIeHUs] OU3HEC-MOJAENEe U HKOCUCTEM, a TaKKe JJIsi M3MEHEHHUS KaueCTBO OOCITY:KUBAHUS
KIMEHTOB OyneT ompeaensaTh 3PQPeKTUBHOCTh HUGpoBbIX HHUIMATUB 10 2025 roma". OHM Taxke
nokasanu, 4ro 59% opraHuzanuii, BepoaTHo, OynyT BHeApATh cTpareruu U, a apyrue yxxe 1ooummch
mporpecca B MUIOTUPOBAHUU WUJIH BHEJPEHUH pelleHui ¢ ucnoiabp3zoBanueM . 910 MoOKeT OTHOCUTBHCS
K pa3iIM4HbIM 001acTsM, BKItoyas oOpasoBanue. C Ipyroi CTOPOHBI, ClIeyeT OTMETUTh, YTO OCHOBHAS
MPUYKHA, TI0 KOTOPO KOMIIAHUH B BECh PHIHOK XOTST Hcmoib3oBaTh MU B cBoeil paboTe, 3akirovaercs
B TOM, YTO 3TO BBIFTOJHO, MOCKOJBKY O3HA4YaeT COKpAILlEHHE YEJIOBEYECKUX PECYpCOB U BBIIIAT
3apaboOTHOM MaTel. TO OJIHA M3 OCHOBHBIX MPOOJIEM, CBA3AHHBIX C Hcmonb3oBaHueM MU B xauecTBe
cotpyauuka. axe Crusen Xokuur (Griffin, A.,2015) u WMnon Mack (Sulleyman, A., 2017) nenaBHO
Mpeaynpexaaii 00 yrpo3ax, CBI3aHHBIX C HCKYCCTBEHHBIM HUHTEIIEKTOM.
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Yro kacaercsi ceKTopa oOpa3oBaHUs, TO 3TO HE MOXXET BBI3BIBATH OOJBIIOTO OECIIOKOWCTBA,
MOCKOJIBKY BCErJa TOBOPHJIOCH, YTO HEOOXOJUMBIMH COCTABISIOMIMMHU SPPEKTUBHOTO OOy4YeHUs
SBIISICTCS B3aHMMO/ICHCTBHE C YEJIOBEKOM U OOILIECTBOM.

B T0 ke Bpems 3T0 MOXKET 3HAYUTEIHHO MOBBICUTH YPOBECHD YIIPABICHUS KIACCOM YUUTEISIMU U
clenarh yrnpaBjeHHE KiaccoM Oojiee pasyMHbIM U 3bdextuBHbM (Tuomi, 2018; Wang, 2020). C
OBICTPBIM Pa3BUTHUEM COBPEMEHHOW HAYKH U TEXHUKH TEXHOJIOTHS HCKYCCTBEHHOTO MHTEIUICKTA TAKKe
pa3BuBaeTcs. Pe3ynbTaThl HCCIIEIOBAHUI B CMEKHBIX OOJIACTSIX MO3BOJIMIIM B JAIbHEHIIIEM IPUMEHSTh
WCKYCCTBEHHBIH MHTEIUIEKT B cepe 00pa3oBaHUs, M OH IPOJAEMOHCTPUPOBAI XOPOIINE MPHUKIIAIHBIC
pe3ynbTaThl, CIOCOOCTBYS pehOPMUPOBAHUIO TIPEMOIABAHUSI.

B uacTtHOCTH, pacTymias rioOanbHas MOTPEOHOCTh CTpaH B OOpa30oBaHUM CBOUX TpaxkJaH U
HEOOXOMMOCTh Pa3pabOTKM KOHKPETHOW HAIMOHAIGHOW TOJUTUKKA BO3JIAral0T 3HAYUTEIHHYIO
Harpy3Ky Ha paOOTHHKOB 00pa3oBaHMsA. DTO MPUBEIO K MOMCKY aJbTEPHATHB, BKIIIOYAs MAacCOBOE
BHEJPEHHE HCKYyCCTBEHHOTO MHTEJUIEKTa B 00pa3oBaHHMU. B pesynmbpTare MOSBHIMCH pazHOOOpa3HbIE
oOpa3oBaTelbHbIE HHCTPYMEHTBI HCKYCCTBEHHOTO HHTEIUICKTa, KOTOpPbIE MOJNYYHIIM JallbHEi1Iee
pa3BUTHE, YTOOBI YIPOCTUTH WX WCIIOJB30BAHHUE JUIS MOJJICPKKH YUHUTENeH W HX YYECHUKOB B
o0pa3oBaTeNIbHBIX yupexkaeHusx. UHTepakTuBHbIe 00yUaroIire CUCTEMbI SBISIOTCS OJHOU U3 HanboJee
pacrmpocTpaHeHHBIX (hopM 00pazoBaTenbHBIX TexHoorHi (EAIT), mockompKy OHU MOTYT 00€cIieunBaTh
MEPCOHATM3UPOBAHHYIO M aBTOMATH3HPOBAHHYIO OOPaTHYIO CBSI3b C MPETOIABATEISIMA M yIalTIMHCS.
[IInpokoe WCIONL30BaHUE OOpPA30BATEIBHBIX TEXHOJIOTHH TPHBENO K TMOSBICHUIO HOBBIX (GOpM
B3aMMO/JICHCTBUS MEXIY MPEIoJaBaTeIIIMA M yJallUMKCS ¥ 3HAYUTEIIEHO U3MEHUJIO TPAWIIMOH HbIS
OTHOIICHUS MEX Iy MPEenojaBaTeeM U yJalluMcsl, Kak MOKa3aHO Ha PUCYHKeE 2.

ITo Mepe Toro, kak 21-ii Bek mepexoauT B 4-il, MPUMEHEHUE TEXHOJOTU HMCKYCCTBEHHOTO
MHTEJJIEKTa TPUBENIO K MOSBICHUIO 00Jiee COBEPIICHHBIX HH(GOPMAIMOHHBIX CHUCTEM, KOTOpbIE
MPEACTABISIIOT COOOM MAaIlIUHBI, CIIOCOOHBIE MMHTHpPOBAaTh M A((MEKTUBHO BBITIOIHATH (YHKIIUU
HacraBHuKa-ueigoBeka (Adelana & Akinyemi, 2021: 16). WcKycCTBEHHBI HWHTEIUIEKT B
€CTECTBEHHOHAayYHOM OOpPa30BaHHUU TAKXKE LIMPOKO HCIOJB3YeTCs NS MOAJEPKKH POJIM yuuTeseil B
KauecTBe (haCHIIMTATOPOB MPENOJaBaHus U 00yUeHHU s, METOIMCTOB-KOHCYJIbTAHTOB, MHTEIUIEKTYaIbHBIX
CUCTEM pENEeTUTOPCTBA, CHEIUAIMCTOB IO OLIEHKE YCIIEBAEMOCTH, MOCTABIIMKOB WHIMBUIYaIbHOM
OIePsKKH 00yueHust U 4yar-6otoB, cpeau mpoduero (Cukurova et al., 2021: 1). Korga ucKyccTBEHHBIM
MHTEJUIEKT MPUMEHSIETCS B TPAIUIIMOHHBIX KJIACCaX eCTECTBEHHOHAYYHOTO 00pa30BaHus, yly4llIaloTCs
METO/IbI OLIEHKH B Pe3y/IbTaTe MTHOBEHHOM 00paTHOM CBsI31 00 yCIIeBaeMOCTH yUaIIUXCs yTeM aHalln3a
ux mMojesei ooyuerus (Sanchez-Prieto et al., 2020: 80). Ha npoTsbkeHHHM MHOTHX JIET HCCIICIOBATEIH B
obnmactu 00pa30BaHUs HMCHOJIb30BAIM TEXHOJOTHMIO HCKYCCTBEHHOTO HWHTEIUIEKTa JUISl YITy4IIeHUs
OLICHKH M MOJICPXKKU 00ydeHus 1o pazmumuabiM npeameram STEM (D'Mello & Graesser, 2012: 145;).
B 47 uccnenoBaHusix, B KOTOPHIX HCHOJB30BAIMCh TEXHOJOTHM HCKYCCTBEHHOTO HMHTEJUICKTA IS
HAay4yHOTO 00pa3zoBaHUs ObLIO OOHAPYKEHO, YTO TEXHOJIOTHSI MCKYCCTBEHHOTO WHTEIJICKTA SIBIISIETCS
BBICOKO?()(DEKTUBHOW U TMPOBEPEHHOW albTEPHATUBON TPAJUIIMOHHBIM HAyYHBIM OIIEHKaMm. Taike
co00I1aTIoCh, YTO B €CTECTBEHHOHAYYHOM OOpPa30BaHUU, TJE€ OT YYAIUXCS OXKHAAIOT BBIMOJHEHUS
CIIOXHBIX TENaroru4eckux 3aaad, TEXHOJOTHS HCKYCCTBEHHOIO HHTEJIEKTa CMOrjia o0ecrneduThb
MOJJIEPKKY, B TOM YHCJIE€ TMOMOYb YyYallUMCS B HAlMCAHUHM HAyYHBIX PAOOT C HCIOJIb30BAHHUEM
MpoIeCCHO-OpUeHTHPOBaHHBIX moaxo0B (Latifi et al., 2020; Walker, 2019: 227; Yang, 2021).

IIpenmymecTBa HcKyccTBeHHOro uHTe 1ekTa (UN)
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OnmHuM U3 rJIaBHBIX MPEUMYLIECTB UCKyccTBeHHOTO uHTemiekTa (M) aBisercs 1O, 4TO €ro
pelIeHrst OCHOBAHKI Ha (pakTHUECKON HHPOPMAINH, a HE Ha YMOIIMOHAIBHBIX COOOPAKEHUAK. XOTS MBI
MOXEM COBEpIIATh OIIKMOKHA U Ha HAIIM PELICHHs MOTYT BJIHATH dSMOIuH, Ha UM MOXHO MOJIOKUTHCS B
MPUHATUUA TOYHBIX U HEPEIB3SATHIX PEILICHUI.

[IpeumymectBa uckycctBennoro mutemiekra (M) neBepositHel. UTO MOXKET MpEAIOKUTH HAM 3Ta
TEXHOJIOTHS, TaK 3TO BO3MO>KHOCTh Pa3BUBATHCS M MPOJABUTATHCS BIIEPE]] B HICTOPUU MCKYCCTBEHHOTO
HHTEIUIeKTa. BoT ocHOBHBIE peumyiecTBa 1.

Brinosinenue 3agaun ObICTpee, 4YeM YENIOBEK

Hamnpsbxennas u cinosxHast paboTa BBITOJHSIETCS JIETKO

CrnosxHble 3a/1a4M BBITIOJHAIOTCS 3a KOPOTKOE BPEMsI

Paznuunbie QyHKIIMM MOTYT OBITH BBIMIOJIHEHBI OTHOBPEMEHHO

Koaddurment ycnemnoctr BEICOKUN

Memnblie ommoOO0K B 3a7a4ax U A1€PEKTOB

Bonee Bbicokas 3pPeKTUBHOCTH 32 KOPOTKOE BpEMsI

Memnbiie Mecta 1 TabapuToB

Pacuer noaroCpOYHBIX B CIIOKHBIX CUTYaIIUHA

OTKpbITHE HEM3BEJAHHBIX 00BEKTOB, TaKuX Kak cTpykrypa JJHK

[Tepconanu3upoBanHoe oOyueHue: oOpazoBaTeNbHBIC TUIATGOPMBI Ha 0a3ze HMCKYCCTBEHHOTO
HUHTCIIJICKTA MOFYT allaHTI/IpOBaTBCSI K I/IH)II/IBI/I,ZIyaJ'IBHBIM HOTpe6HOCT$IM 1 CTUIIIO 06y’~I€HI/I$I yqanmxc;{,
obecrieurBasi MEPCOHAM3UPOBAHHBIA ONBIT O00yueHus. Takol WHIWBHIYabHBIA TOIXOJ MOBBIMIACT
BOBJICUEHHOCTh, TOHUMAHHUE U YACPKAHUE YIAIIUXCS.

HNHTennexTyaqbHOe 00y4YeHHE: MCKYCCTBEHHBIM HHTEIJIEKT MOJXKET BBICTYNATh B POJIM BUPTYaJIbHOTO
perneTuTopa, obecrneurnBas oOpaTHYIO CBSI3b B PEKUME PEAIbHOTO BPEMEHH, OTBEYash Ha BOMPOCHI U
npeaiarasi JOTIOJHUTEIbHBIC PECcypChl IJIA yYalluxcs. Takas MTHOBEHHas TMOJIEP)KKAa TMOMOTAaeT
YYaIIuMCs TIPE0I0JIeBaTh TPYAHOCTH U CITIOCOOCTBYET CaMOCTOSTEIIbBHOMY OOYUCHHUIO.

ABTOMAaTH3alMs AJMUHUCTPATUBHBIX 3a1ad: VICKYCCTBEHHBIM HWHTEIUICKT MOJXKET YIPOCTUTH
aMUHUCTPATUBHBIC 33]]a41, TAKUE KaK BBICTABJIICHHE OIIEHOK, COCTABIICHUE PACTIMCAHUS M OPraHU3aIus
y4eOHBIX MaTepHaioB. Takas aBToMaTH3aIMs 0CBOOOKIaeT IIECHHOE BPEMS MTPEIO1aBaTelIeh, TO3BOJISS
UM COCPEIOTOYMTHCS Ha YIeOHON NEATETHHOCTH U B3aUMOJACHCTBUH C yJaAIIIUMHUCS.

AHaTuTHKa HAa OCHOBE JAHHBIX: AJITOPUTMBI HCKYCCTBEHHOTO HHTEUIEKTa MOTYT aHATM3UPOBATh
OTPOMHBIE 00BEMbI 00pa30BATENbHBIX JaHHBIX, MPEIOCTABIISS LICHHYIO HHPOPMAIUIO 00 YCIIeBaeMOCTH
y4daluxcs, MoAeNsAX o0ydeHHs U 001acTaX, TPEOYIONINX YIyUlIeHUS. YUUTEeNsl MOTYT HCIIOIb30BaTh 3TU
JAHHBIE JUTSI IPUHATHUS 0OOCHOBAHHBIX YUEOHBIX PEIICHUN U COOTBETCTBYIOIINM 00pa3oM aanTupOBaTh
CBOM CTPATETHUH MPEIO/1aBaHUs

XoTs uckyccrBeHHbli nHTEIUEeKT (M) 001amaeT OorpoMHBIM MOTEHIIMANIOM, OH TaK)KE BHI3bIBACT
OTIACEHHUS TI0 TTOBOJIy BO3MOYKHBIX HEraTUBHBIX MocheAcTBUM. OHON U3 pobieM SBIsieTcs BIUSHUE Ha
3aHsaTOCTh. MU mpomomkaeT pa3BUBAThCS, M CYIIECTBYIOT OOOCHOBAaHHBIE OTACEHHsSI MO TOBOIY
COKpaIlleHus1 paboynmx MecT U MOTEHIMATbHOW TOTEepPH CPEICTB K CYIIECTBOBAHHIO, OCOOEHHO B
OTpacisiX, T/l aBTOMAaTH3alldsg MOXKET 3aMEHUTh denoBedeckuil Tpyd. Kpome Ttoro, UM cBszan ¢
THYECKUMH TMpoOiieMaMy, TaKMMH KakK KOH(UIACHIIMATbHOCTh M 0e30macHOCTh JaHHBIX. COop u
MCIO0JIb30BaHNE OTPOMHBIX 00BEMOB MEPCOHATBHBIX JAHHBIX CHCTEMaMH UCKYCCTBEHHOTO MHTEIUIEKTA
BBI3BIBAET BOMPOCHI O HAPYIIEHUSX KOHOUACHIHUATHLHOCTH M TOTEHIMAIBHOM HEIPaBOMEPHOM
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HCIIOJIb30BaHUU. bosiee Toro, CymecTByeT pucK NpeaB3saTOro NPUHATHS pelIeHul, ecau aroputMsl M1
o0y4eHbl Ha OCHOBE HEOOBEKTHBHBIX JAaHHBIX WJIM €CIIM OHH HENPEIHAMEPEHHO 3aKpeIUISIOT U
YCHWJIMBAIOT CYIIECTBYIOIIME B OOLIECTBE MPEAYOEkKACHUSA. DTO MOXKET NMPUBECTU K HECHPABEIIUBBIM
pe3yapTaTaM U JUCKpuMHHauuu. Kpome Toro, 3aBUCMMOCTb OT CUCTEM HCKYCCTBEHHOTO MHTEIJIEKTA
MOXKET MPUBECTU K YPE3MEPHON 3aBUCUMOCTU M HEJOCTATKY YEJIOBEUECKOTO CYXAECHHS, OCOOCHHO B
BAKHBIX OOJACTSAX MPUHSITHS PEIICHUN, TAC YEIOBEYECKUU IMOJXOJ M TOHKOE MOHMMAaHHE HIOAHCOB
HMMEIOT pelaolee 3HayeHne. BakHO cpaBUTbCs ¢ 3TUMU BbI30BaMHU M O0ECIEUUTh OTBETCTBEHHYIO
pa3paboTky u BHenpenune MU ¢ HaanexkamuMu MepaMu IPeI0CTOPOKHOCTH M HOPMATUBHBIMU aKTaMH,
9TOOBI CMSITYUTH TOTCHIMAIBHBIC HEraTUBHBIC TOCICACTBHS M OOECICYNUTh MAKCHUMU3AIUIO €ro
MPEUMYIIECTB MPU MUHUMHU3AINH ITOTEHIIUAIBLHOTO BpEa.

Henocrarku U B 00ydenun:

OtcyrcTBUE B3auMoaecTBUS ¢ MoAbMu: X0Ts MM MoXkeT npenoKuTh ONbIT 00ydeH s, eEMy HE
XBaTaeT YeJOBEYECKOTO0 KOHTAaKTa U SMOLMOHAJIbHOW CBS3M, KOTOpBIE MOIJIEP’KHUBAIOT OTHOLICHUS
MEXy YUUTEJIeM U YYeHHUKOM. HekoTophle yJamuecss MOTYT UCTBITEIBATh TPYJHOCTH C OTCYTCTBHEM
B3aUMOJICHCTBUS C JIFOJIbMU, YTO MIPUBOJAUT K OLTYIICHUIO U30JISIIIUN WM OTCTPAHEHHOCTH.

Otudeckue acnektel: Mcnons3oBanne MU mogHMMaeT STHYECKHE BOMPOCHI, KacarolIuecs
KOH(PHUACHITNATHHOCTH JTAHHBIX, 0€30MaCHOCTH U MPEAB3ATOCTH. BakHO 00ecTieunTh, YTOOBI aITOPUTMBI
U Oputn ipo3padHbIMU, CTIPABEIJIMBHIMA U HE YBEKOBEUMBAIN KaKUe-THO0 (POPMBI THCKPUMHUHAIIHI
VI HEPaBEHCTBA.

TexHuueckre OTPaHUYEHUS: CUCTEMBI MCKYCCTBEHHOTO HHTEIUIEKTa MOTYT CTAJIKHUBATHCS C
TEXHUYECKUMHU COOSMU WM OTpaHUYEHUSIMH, HapyllaloluMu mporecc oOyuenus. McnonbpzoBanue
HCKYCCTBEHHOTO MHTEJUIEKTa B KauecTBE E€JMHCTBEHHOI'O CpeICTBa OOYYEHHS MOKET CO37aBaTh
npoOieMbl TpU BO3HUKHOBEHHU TEXHUYECKUX MPOOJIeM, OCTaBiss ydamuxcs Oe3 HEeMEIICHHBIX
aNbTEPHATHB.

Bot HekoTOpBIe U3 OCHOBHBIX MPOOJIEM U HEAOCTATKOB HCKyccTBeHHOTO MHTEeuekTa (M) B Hamei
[MOBCETHEBHOM KU3HU:

e lHorma 3T0 MOKET OBITH HCHOJB30BAHO HE IO HA3HAYEHHUIO, YTO MPUBOJUT K MAaCCOBBIM
pa3pyLICHUM.
WNHoraa nporpaMMa MOXET BBIIOJIHATHCS BOIIPEKH MIPUKA3Y.
OT0 BIUsAET Ha paboyue MecTa JItoIel U yeyryosser mpo0aemMbl 6€3paboTHIIb.
KpeatuBHOCTB 3aBUCUT OT IPOIPAMMUCTA, U B HEM HE XBAaTaET YEJIOBEUECKOTO MOIX0/1a.

Moiogoe MNOKOJICHHE CTaHOBUTCS JICHUBBIM, U CEMY Tpe6yeT051 MHOI'0O BPCMCHH M ICHCT.
TexHonornyeckas 3aBUCUMOCTD BO3poOcCiia.

WU npennaraet psia METOIOB, KOTOPbIE MOXKHO 3(h()EeKTUBHO BHEIPUTH B Ki1acc, yayulias y4eOHbIH
OTBIT YYalllUXCs W TOJJIEPKUBas yuuTelded B UX yuyeOHOW mpakTuke. MHTenIeKTyanbHbIE CUCTEMBI
oOyueHusi, OCHOBaHHbIE Ha MCKYCCTBEHHOM HWHTEIJIEKTE, MOTYT OOECIEeUUTh MEePCOHATU3UPOBAHHYIO
oOpaTHYIO CBsI3b, aJalTHBHBIE MyTH OOY4YEHHS M HMHTEPAKTHUBHBIC 3aHATHS, AJaNTHUPOBAHHBIE K
MOTPEeOHOCTSAM KaXKJIOTO Y4Yallerocsi, CIoCOOCTBYS MHAUBUIYATbHOMY U CAMOCTOSITETFHOMY O0OYUEHUIO.
Yar-60ThI Ha 0a3e UCKYCCTBEHHOTO UHTEIIEKTA U BUPTYaJIbHbIE TOMOIITHIUKH MOTYT TOMOYb Y4 allluMCs,
OTBEYasi Ha WX BOIPOCHI, MPEAOCTABIISISI JOMOJHUTENbHBIE PECYpChl M Ipejyiaras MHOIIEPKKY BO
BHEYpPOYHOE BpeMsi. Bo3aMokHOCTH 00pabOTKH €CTECTBEHHOTO s13bIKa M03BOJIsIIOT MW aHanmu3upoBath u
OIICHUBATh OTBETHI YYaIl[UXCs, TIOMOTas aBTOMAaTHU3MPOBATh BBHICTABICHUE OIICHOK M OO0ecredynBast
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CBOEBpEMEHHYI0 00paTHYyI0 cBs3b. MM Tarxke MOXET CIocoOCTBOBATH COBMECTHOMY OOyYEHHIO,
obecrieunBasi COTPYAHUYECTBO U OOLICHUE MEXKIY YYallMMHUCS B PEKUME PEATbHOIO BPEMEHH,
HE3aBHCUMO OT HX (PM3MUECKOr0 MECTOHAXOXKJCHHs. boiee Toro, aHanu3 AaHHBIX U aHATU3 00 yueHHS
Ha OCHOBE MCKYCCTBEHHOT'O MHTEJUICKTa MOT'YT MIPEAOCTaBUTh LICHHYIO HH(POpMAIIHIO 00 yCIIeBaeMOCTH
yUaIUXCsl, MOJCTISIX 0Oy4YeHHUSI M 00JIACTSAX, B KOTOPHIX MOXHO JOOUTHCS YIYUIICHHS, YTO TTO3BOJISET
YUUTEISM OTCJICKHBATH IPOIPECC U COOTBETCTBYIOMIMM 00pa3oM KOPPEKTHPOBATh CBOM CTPATETUH
oOyueHusi. Mcronb3ys 3TH METOIBI HMCKYCCTBEHHOTO HHTEIUIEKTa, KIAcChl MOTYT cTaTh OoJjee
JMHAMHYHBIMU, YBJICKATCIbHBIMH M IEPCOHATM3UPOBAHHBIME, CO3JaBas OJIATONPHATHYIO Cpelry
oOy4eHHUs ISl BCEX yJaluXcsl.

3akio4eHue

B 3akiroueHune oTMeTHM, YTO MHTErpanusi uckycctBeHHoro uHteiiekrta (M) B oOpasoBaHue
o0JasaeT OrpOMHBIM MOTEHIIMAJIOM ISl TpeoOpa3oBaHus y4eOHOTO Mpolecca U MPUHOCUT MOJIb3Y Kak
yyaniumcs, Tak M mpernojaBareisiM. Vcnonb3yst METOJbl MCKYCCTBEHHOTO HHTEJUIEKTa, TaKue Kak
MHTEJJIEKTyaJIbHbIE CHCTEMbI 00yUEeHHs], BUPTYalbHbIE ACCUCTEHTHI M aHAIMTHUKA JAHHBIX, KJIACCHl MOT'YT
CTaTh TEPCOHAIM3UPOBAHHOM, NpPHBJICKATEIHbHON W S(PPEeKTUBHON y4eOHOW cpemor. Yuamuecs
MOJIy4aloT MEPCOHATN3UPOBAHHbIE MTYTH O0yUeHUs, aIallTUBHYIO OOPaTHYIO CBSI3b U BOBMOKHOCTH JJISt
COBMECTHOM pabOThI, YTO MPHUBOJIUT K YAYUYIICHUIO MOHUMAaHUS, Pa3BUTHIO HaBBIKOB KPUTHYECKOTO
MBIIIJIEHUSI U CaMOCTOSITEIbHOMY 00ydeHuto. OJHOBPEMEHHO YUYUTENs MOTYT aBTOMAaTHU3MPOBATH
aJIMMHHCTpaTUBHbIE 33]]a4H, NI0JIy4aTh HHPOPMALUIO 00 yCIIeBaeMOCTH yJaIlIMXCsl HA OCHOBE JIaHHBIX U
BHEIPSITh HMHIMBUIYyalbHble cTpareruu oOydenus. Murerpaums WM B oOpazoBaHue mO3BOJSET
yyaliuMmcsl CTaThb HE3aBUCUMBIMM U 3aHMHTEPECOBAHHBIMU YYEHHKaMH, a MpEernojaBareisM -
ONTUMM3UPOBATH CBOM METO/IbI ITPEMOJaBaHUS U CO3/aBaTh MHKIIO3UBHYIO cpely oOyueHus. [lockonbky
NN nponomxkaeT pa3BUBATHCA, KU3HEHHO Ba)XXHO OOECIIEUUTh OTBETCTBEHHOE BHEIPEHUE, YCTPAHUTh
BO3MOXHBIE TpeayOexaeHus W ToJiepkuBaTh Oamanc mexnay MM u denmoBedeckMMH pecypcaMu
B3aUMO/ICHCTBUE B 00pa3zoBaTebHOM Ipolecce. Mcnonp3ys nmpeoOpas3yroniyto CHily UCKYCCTBEHHOTO
UHTEJJICKTAa, MBI MOYXEM OTKPBITh HOBBIE BO3MOKHOCTH, YIIYYIIUTh pE3YJIbTaThl OOy4YeHUs H
chopmupoBaTh Oyaymiee, B KOTOpoM oOpa3oBaHwe OyneT JIOCTYNMHBIM, J(G(EKTUBHBIM U
aIalITUPOBAHHBIM K YHUKAJIbHBIM MOTPEOHOCTAM KaXKJOTO y4aIlerocs.
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YAnmamer, Kapacaii ayoanw

TEXHOJOI'UAJIAPBI BIJIIM BEPYJIE UHTET'PALLUAJIAY. YJITTBIK
KYHABIJIBIKTAPTA HEI'I3JIEJITEH ®U3UKA II9HIHE APHAJIFAH 2JIEKTPOH/IbI
KITAIIIITA

AHHoTanus. byn Makananga yITTHIK KYHIBUIBIKTapAbl TEXHOJOTUSIMEH YIITACTBIPHIIN, (U3UKa
MOHIMEH KIPIKTIpE OTBIPBIN, OKYIIBUIAPJABIH KbI3BIFYIIBUIBIFBIH apTTBIPY KOHE TEXHOJIOTHUSIHBI
(u3UKaIBIK OlTiMre OIPIKTIPYAiH TpaHCHOPMAITUSIIBIK dJIeyeTi KapaCThIPhIIa/Ibl.

Kiar ce3gep: ®usuka, YITTBIK KYHIBUIBIK, TEXHOJOTHUSHBI HHTETrpalysiay, 3JIEKTPOH]IbI
KiTarmmia.

3epTTEy MaKcaThl MeH 03eKTUIIri: ¥ITTHIK KYHIBUIBIKTAPBIMBI3 bl OACIIBIIBIKKA ajla OTHIPHIII,
TEXHOJIOTUsIapAbl (PU3MKA MOHIHE MHTETpalMsiiay €Ki MakcaTKa KbI3MET €Te/li: OKBITY HOTHXKelepiH
YKAKCApTY JKOHE Te3 O3Tepill KaTKaH dJieM/Ie MOJICHH OIpereiTikTi cakTay KoHe JaMbITY.

Kipicne

YHeMmi e3repill OThIpaThiH OUTiM Oepy QNeMIHEC «TEXHOJOTHS» OKBITY CallachlH KaKCapTyIbIH
YKaHa MYMKIHJIIKTEPIH YChIHA OTHIPHII, MHHOBAIIMSHBIH IIAMIIBIPAFbl PETIH/IE KbI3MET eTe/l. byt e3repic
KONTEereH cananapAa OuUTiM Oepy canachlHAArblAail alKplH KepiHOei il OKBITymIbIIap Kypaenti
YFBIMJIAPIIbl  KETKI3yre JKOHE OKYIIBLIAPIBIH KbI3BIFYIIBUIBIFBIH OATYFA YMTBUIBIN, KONTErCH
KYMBICTAp/Ibl aTKAPATBIHJBIKTAH, TEXHOJOTUSHBI OIPIKTIpy KYINTI HAKThI MakKcaTka aiHamajpl. by
Makaiaja, 013 )KYMBIC )Kacall )KaTKaH dJIEKTPOH/IbI KITaObIMBI3Fa €HII3UITeH YITTHIK KYHIIBUIBIKTApD MCH
npuHOUNTEep (PU3KMKa MOHIH Kallalk TOJBIKTBIPATHIHBIHA YKOHE KYIICHTETIHIHEe Ha3ap ayaapa OTBIPBII,
TEXHOJIOTUSHBIH (PU3HKA MOHIHE PEBOITIOIUSIIBIK KETUIAIPYACT1 POIiH TePEHIPEK KapacThIPABIK.

@u3nKaHbl OKBITYAaFbl TEXHOJOTHUAHBIH PoJi. J[ocTypni Typae Gu3nKaHbl OKBITY KOITEreH
YaKbIT O0IBI OKYJIBIKTap MEH J9picTepre CyHeH i, HOTUXKECIHE CTYAEHTTep abCTPaKTIi TEOpHsIap MEH
TeHJeynepre >kui Tam Oonapl. JlereHMeH, TEXHOJOTUSHBIH JWHAMUKAIBIK, HHTEPAKTUBTI OKY
TOXKIpUOECIH YChIHY apKbLIbl OYJI alIaKTHIKThI XKOIOFa MYMKIHJIIKTepre >koJ1 ambliabl. Kasipri tanaa
MOJENBCY, BUPTYAIAbl 3epTXaHanap XKOHE MYJIbTHUMEIUSIIBIK MPE3CHTAIMIAp apKbUIbI CTYACHTTEP
Kypleni KyObUIBICTApAbl €NecTeTe anajibl, SKCIEPUMEHTTEP KYpri3e aiajbl kKoHe OYpBIH €IecTeTy
MYMKIH €MeC TOCUIIEpMEH FaTaMHbIH aiia-aMaiaapbliH 3epTTeit anaasl [2]. TOMBIKTHIPBIIFAH HIBIHIBIK
(AR) >xone Buptyanasl mbiHABIK (VR) KochMIIanapsl OKyIIBLIAPIBI albiCc TalaKTUKAlIapFa Hemece
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MUKPOCKOTIHSUIBIK QJIeMJIEpre CayCaKIeH HEeMECe TrapHUTypaHbl 0acy apKbUIbl KETKI3YAIH KBI3BIKTHI
ToxipuOeciH ycbiHaap! [1]. OHIaliH BIHTHIMAKTACTHIK MUIATGOpManapbl CTYACHTTEDP MEH OKYIIbLIAp
apachlHAa KaybIMJIACTHIK [T€H BIHTBIMAKTACTBIK CE31IMiH HBIFAUTY apKbLIbI ©3apa OKbITY MEH Mocesenepai
IICTIYI1 KSHUTIETE 1.

YITTBHIK KYHABUIBIKTAPFA HeTi3/1eJIreH 3J1eKTPoH/bI KiTamma. 2023-2024 oKy KbUIIapbIHaa
¢u3nka moHI MyFanmimzaepi Oipire OTBIPBIN, YJITTHIK KYHIBUIBIKTapFa HETI3AeireH (HU3UKa IOHIHEH
OKYIIBIHBIH KBI3BIFYIIBIIBIFBIH APTTHIPATHIH, OSPUITeH TEOPHSUIBIK, TPAKTUKAIBIK OUTIMIII €cTe caKTayFra
alTapiIbIKTall KOMEK OepeTiH KiTalIlaHbl ’Ka3blll MbFapabIK (1-cyper). Pu3nka MoHIHEH AJIEKTPOHIBI
KITamIblfa SHri3UINeH YITTHIK KYHABUIBIKTap MEH MPUHIHITED: OUTiM Oepy peBOJIOIUSICHIHBIH HETi31
JeTl CaHAWTBIH Oi31iH (pU3MKa MMOHIHE apHAIBIN JKA3bUIFaH AJICKTPOHBI KiTaIlllaMbl3 TEOPHUsIIAP MEH
TEHJCYJIep JKUHAFbl FaHAa eMec; Oy FachIpiiap OOWbI Ka3aK MOJCHHMETIH KaJIBINTACTBHIPFAH TYPAKTHI
KYHIBUIBIKTap MEH NPUHLIUNTEPIIH KepiHicl. Arta-0abanapbIMbI3[bIH JaHAJBIFBIHAH IIAOBIT ana
OTBIPBIN, DJEKTPOHIbl KITall ©31HIH HEri3sri uliMaepiHe OIpiiK, TYpPaKTbUIBIK JKOHE YJITTHIK
TOCTYPIIEPiMi3/Ii TEPeH KYPMETTEY CHSKTHI KYHIBUIBIKTAP/IbI KOCaIbl. ByJl KYHIBUIBIKTAp FAIaM/IbI dKOHE
OHJAFbl O13/11H OPHBIMBI3IBI TEPEHIPEK TYCIHYTE KOJI allaThlH OAaFbITTAYIIbl IaMap PETIHIE KbI3MET

C€TCal.
. x. :
4 ~ APKaH TapTbic, Keni )aHe Kyl
| LRAU Erep eki kyw aeHere 6ip
* J L] 6arbiTTa  apekeT eTetiH
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1-cyper. ¥ATTBIK KYHIBUIBIKTAPFA HETI3/IEATeH (PU3KKa TTOHIHEH 3JISKTPOH/IBI KiTarIa

B

Byl anekTpoHIBI KiTamllia OKBITY HOTHDKEJEPIH JKaKCapTyMEH KaTap, Ka3aKTapJblH YJITTBIK
KYH/IBUTBIKTapbIHA HETI3/ICIreH TEeXHOJIOTHSIIApbl MHTErpanusiay: skahaHIaHFaH oJleMJIe MOICHU
O1pereilikTi cakray ’oHe IaMbITY CUSKThI KEHIPEK MakcaTKa KbI3MeT eTe/ll. bi3liH *kacar jkaTkaH Oy
XKyMbIC, Tek Ka3zakcTanma FaHa eMec, 0J1 OYKUI ojieM OOMBIHIIIA ©3€KTI Macene 00bin caHanaapl. Cebedi
QJIeM-OyJ1 OpTYPJli MOJACHHETTEP/IIH TOFBICKAH MO3alKacChl, OJIApIbIH OPKAMCHICHIHBIH O3IHIIK E€pPeKIIe
KYHJIBUTBIKTAphl, HAaHBIMAAPhl MEH JocTypisiepi Oap. bimiM Oepy marepuanmapblH MOJACHU MaHBI3/IbI
Ma3MYHMEH TOJIThIPA OTBIPBII, OKBITYIIBUIAP SPTYPIIl OPTaAarbl OKYIIBUIAPMEH PE30HAHC TYAbIPAThIH
WHKITIO3UBTI OKY OPTachIH Kypa anajbl.

3eprTey HITHAKECH

MyMKIHAIKTEP/I1 KEHENTY jKOHEe AaFAbUIap bl JaAMBITY: TEXHOJOTHUSIHBI OLUTIMMEH UHTETpaIusiay
okymibimapra 21 racelpaa OuliM OarbIThIHIA TaObICKA KETy YIIIH KaKeTTI KYHAbl JaFapliap MEH
Ky3blpeTrTepai Oepi. CoHbIMEH KaTap, MOJICHH MaHbI3bl 0ap Ma3MyHMEH TaHbICY OKYILIbLIapFa ©3/1epiHiH
MypaslapblH KaObl1/layFa ’KoHE KOFaMFa OH YJIec KOCyFa MYMKIHJIIK Oepe OTBIpHII, ©31H/IiK )KOHE ©31He
JIeTeH CEHIMJIUTIK ce3IMiH KalbINTacThIpabl. HoTmxkecinae, OKyIIbUIap MOJCHHU JKarblHAH OalbITbUIIbI,
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COHBIMEH KaTap e3apa 0alJIaHbICThI AJIEM/IC OPKEH/ICY YIIiH KaKETTI TaFIpljiap MEH KYH/IbUIBIKTapFa He
OOJIIBL.
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XUMMS TOHIHJIE «CYIbl TAZAJIAY» TAKBIPBIBBIHIA CAHJIBIK 3EPTXAHAHBI
KOJIJIAHY

Anparna. Makanaga STEM Ourim 6epy Kazakcran PecryOnmkachlHBIH KaHAPTHUIFaH OUTIM
Oepy MiHAeTTepiHIH Oipi perinae kapacTteipbuianbl. STEM-texHonoruscein Xumusi cabarbiHIa
KOJITAaHY/IBIH apTHIKIIBUIBIKTaphl KepceTiieni. 3epTrey MakcaThl: Nel36 >xanmbel opta OutiM OepeTiH
MekTeOiHae >koHe A.balTypchiHOB arbiHAarbl Ne50 MEKTen-TUMHA3USCHIHIA OKUTHIH 8 CBIHBIM
OKYIIBUTAPBIHBIH XuMHUs cabarbiHga, «Cyapl Tazamay» TakeIpblObiHIA STEM-TeXHOIOTHUSICHIH
WHTETpalysiiay  HETi3iHAe CaHABIK 3€pTXaHaHbl KOJJAAHy AapKbUIBl  OUTIM  alylIbUIapAbIH
KBI3BIFYIIBUTBIKTAPBIH apTTHIPY JKOHE >KOOANIBIK JKYMBICKA KaTBICTBIPY. KyTineTiH HoTHXkenep: OuTiM
ayIIbIap Cy CamachlHBIH TaOWFU KOPCETKIITEPIH TaHUIbI, aXbIpaTa OuIeai, Cy ChlHaMajapbIHBIH
cUmnarTaMasapblH, aybl3 CyIbl KaOJbIKTay YIIIH KOWBUIATBIH TajanTapAbl aHbIKTalgbpl. OKyIbLIap
ChIHaMa PEeTiH/Ie aJIbIHFaH JIACTAHFaH CY/IbIH KYPaMbIH CaHJIbIK J1a00paTOPHUSIIBIK KYpasIblH CEHCOPIaph
KOMEriMeH aHBbIKTaN, (PUIbTP KypacThIPHIIN, JaCTaHFaH Cybl (GUIBTPIEH OTKI3IM, Ta3apThUIFaH CYIbIH
KYpaMbIH CaJIBICTBIPY >KYMBICTApbIiH >kacaiifibl. COHBIMEH KaTap, 3epTXaHAIbIK KYMbIC OapbIChIHIA
CaHJIbIK KYpasl-KaOIbIKTap/Ibl KOJIJAHbII, 63 OeTTepIMEH 3epTXaHAIBIK KYMBIC JKOHE HKOOANBIK KYMBIC
KYprizyre JarablIaHa bl

Tyiiinai ce3gep: STEM 6inim 6epy, STEM-TexHonmorus, canblK 3epTxaHa, Cy carnachl.

KP Ginim Gepyai nameiTy cTpaTerusichl OuTiM uHTErpanuscbina xxone STEM 6inim Oepy pesin
apTThIpyFa OaFbpITTaTFaH MeKTenTeri OutiM Oepy KyleciHiH jkaHa OarnmapnapbiH Oenrineigi. KP
Ykimerinin 2021 xbinrsl 21 kazangarel Ne726 «Cananel OutiM 6epy «bimiMal yIT» YATTHIK K00achlH
OekiTy Typanb» KayiablchlHAa 2025 >KpulFa Kapail HETi3rl *oHe Kaimbl OUTiM OepeTiH MeKTenTep/i
BIHFAIIIBI, Kayillci3 JKoHe 3aMaHayu Ou1iM Oepy opTachlH Kypy YIIiH ¢usuka, xumus, 6uonorus, STEM
MOH/Iepi KaOMHETTEPIMEH JKoHE a0 JbIKTapbIMEH KaMTaMachl3 eTy kesaenrex[1].

STEM (science, technology, engineering and mathematics) - okbITyabIH OipiKTipiireH ToCiTi.
SIrHu, OyJ1 TOCIT asAChIHAA aKaJEeMHSUIBIK FhUIBIMU-TEXHUKAIBIK TYKbIpbIMAaManap IIbIHAWEI eMip
KoHTekcinge 3eprreneai. STEM-6inimM 6epy OKy/Ibl )KoHe MaHCANThl KOCAThIH KOIip O0JIbIN TaOblaa bl.
OHBIH TYXKBIpbIMAAMachl Oananapabl TEXHOJOTHSJIBIK TYPFBIJAH JaMbIFaH oJIeMIe JailbIHAaiab.
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KenemrektiH MamaHaapblHA KaH-)KAKThl TANBIHIBIK TICH >KapaThUIBICTAHY FBUIBIMIIAPHI, WHKCHEPHS,
TEXHOJIOTHSIIAp MEH MaTeMaTUKAHBIH op TYpJIi OuTiM Oepy canaiapblHaH ajbIHFaH OLTIM Kepek [2].

STEM-6inimM GepymiH KUITTIK MakcaTbl — OKYIIBUIAPIBIH OLTYy JKOHE icTell anmy KaOimeTTepiH
OHEPTAINKBINI MICHIMACP, 3ePTTEYIIUIIK KbI3METTEp KOHE ToXipuOenik Qopmarrapiaa kepcety [3].
STEM-6inim 6epy — MHKEHEPIIIK IIBIFApMAIIbUIBIK IEH MaTEeMaTHKa, )KapaThlUIBICTaHy FHUIBIMIAPHI MEH
TEXHOJIOTHSUIAPABIH KIPIKTIpUTyl HETi3iHAe *k00a XKOHE IMOHAPAIBIK amMaliaapbsl OailIaHBICTHIPATHIH
KaHala OWIay JKOHE »JKaHa TEXHOJOTHsUIapFa OaFbITTalFaH FeUIBIMIApAbH  Oipiryi. STEM
TEXHOJIOTHSUIAPBIH KOJIITAHFaH Ke3Je menriM Taly KaOuleTi JaMuIbl, MIceleep >KOHE aKmapaTieH
XKyYMBIC icTeyai yipeHeai. STEM TeXHOJIOTHSICH HAaKThI JKayarTap OepiIMei i, oiap/sl 63iHi3 TaOybIHbBI3
Kepek. byl okymbutapra o3 ToxipuOeciHe CyHeHe OTBIPBIN, TYKBIPhIMIApbl HAKThIIAY, TOKIpuOene
QJIBTHFaH OUTIM KOJIIaHy, MpobJieMara 3iH 1K HeMece TOITHIK Ko3Kapac YChIHyFa MyMKIHIIK Oepe i [4].

MyfaniMHIH MIHJETI-OKYIIBIaH OKY MpoIecine OeaceH a1 KaThICYIIbI jkacay. OKyIIbl aKmapaTThl
TEK TOHTE KBI3BIFYIIBUIBIK TAHBITKAH KE3JI€ 03 IC-opeKeTIH/e FaHa urepe anajabl. COHABIKTaH MYFaJliM
aKnapar OepyIliHIH PeJiiH YMBITHIN KETyl KEPEK, OJ1 OKYIIBIHBIH 1C-OpEKETIH YHBIMIACTBIPYILbI POIIH
aTKapybl KepeK, MYFajliM TAIIIMI€p, MEHTOP JKOHE OKY MEH JiaMy OOJIaThIH OpTaHbl YHBIMIACTBIPATHIH
dbacunurtarop 60ysl Kepek [5].

Kazipri yaksiTra OutiMm Oepy camaceiHaa STEM  TexXHOJOTHSIAPBIHBIH — 3JIEMEHTTEPIH
MHTerpanusiay apKplibl 611iM Oepy canachlH KeTepy ke3zenin oTbip. Keitaii punocodsr Kondyumiinsy
Oblmait newi: «EcTireHiMali — YMBITaMBIH, KOPIeHIMAI — €CTe CaKTalMbIH, ©3IM ICTeTeHIMII —
MeHrepeMin». [lemek, okymsuiap OutiM Oepy mpoiieci Ke3iHe UrepreH OutiMaepid OekiTy MaKkcaTbhIHa
MPaKTUKAIBIK JKYMBICKa O€JICEeHJII aTcalibiCy apKbUIbl OUTIM JeHrediH HbIHAapbl ce3ci3. Ochl TycTa
STEM-TexXHOJIOTUACKIHBIH OLTIM Oepy MpoIeCiHIe KOMIaHy 631HIH apTHIKITBUIBIKTAPBIH KOPCETEII.

bi3 KYHIeNmIKT1 Ke3/1eCETIH Cy OTe Ta3a CyFa YKcamaiiibl )KoHe OHbIH TaOUFU cUIaTTaManapsl 6ap,
OJIApJIBIH ©3Tepyl Tipl OpraHU3MICPAIH OMipi MEH KbhI3METIHE JKaFbIMCBI3 CajjlapFa oKelyl MYMKIH.
CymeHn xa0npIKTay CyFa €H KaTaH Tajantap Kosapl. Cama KepCeTKIMTepiHIH YJIKEH caHbl 0ap TaOufu
cynapabl OpTYpJIl KpUTepuidiaep OOMBbIHINA KIKTeyre 0osaabl, Oy ojapibl OpTYpJli TYTHIHYIIbLIapFa
nalananyra YCbiHyFa MYMKIiHIIK Oepemi. CymeH >kaOapIKTay KO31H CHIMATTay YIIIH Ci3 CYAbl
IapyanibUIbIK KOHE aybl3 Cy MaKcaTTaphl YIIIH MaliganaHy MYMKIHIIT Typaibl OarajaHaThIH OPTYpIl
KOPCETKIMTEPAIH KUBIHTHIFBIH OUTYiHI3 Kepek. JKep yCTi CymapblHBIH op TypJi Oenriiepi OOHbIHIIA
VCHIHBUIFAH  OJKIKTENIMJIIEPIH  KapacTelpy  OapbIChIHAA, MaMaHJapJblH MiKipiHme, Oipkarap
KOMITIOHEHTTEP/1 €CKepe OTBIPHII, KEIIeHIl XIKTey »ep YCTI CyJIapblHbIH CamlachlH €H KaKChl
UHTErpajibl Oaranay OOJIBIN TaOBLIATHIHIBIFBIH aTanm OTKeH koH (Manuak X. skone T. 0. 1982), (1-
KecTe).

JKanmel 3epTTey OapbhIChIH/IA CY CallaChIHBIH KeJeciiel KepceTKimTepi 6ap:

- Qusukanvix: TEMIEpaTypa, TYCl, Hici, ToMI.

- Xumusnwix: MOHABI Kypambl, pH opTachkl, epiTiireH razaapasiH KypambiHia OOJTybI.

- Buonoeusnvlk: KOMU-UHIEK, €.COli OakTepusIapbIHbIH CaHBI.

XKep ycTi cynapbIiHbIH carma KiiacTapbl

Kepcerkim Ote Taza Orte a3 Azpan KarTnl Orte
Taza JIACTAHF | JIACTAHF | JIACTAHF | KATThI
aH aH aH JACTaHF
aH
Temmneparypa, rpan. 20 25 25 30 30 30
C
pH 6,5-7,5 6,1-6,4 5,9-6,0 5,7-5,8 4,0-5,2 <4.0
7,6-7,9 8,0-8,1 8,2-8,3 8,8-9,5 >9.5
Xnopunarep, mr/am3 50 150 200 300 500 500
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Kanuii nonsr, mr/am3 50 150 200 300 500 500
AmMuak, Mr/am3 0,1 0,2 0,5 2,0 50 50
TTP 2 4 8 15 25 25

Xumus noHiHAE 8-CHIHBINTAPABIH OKy OarmapiamackiHa caii STEM-TeXHOJIOTHACHIH KOJAAHY
apkbutbl «Cy» TapayblHIaFbl TaKbIPBINITAPbIHIA 3€PTTEY JKYMBICTaphl Kypri3ungi. «Cyapl Tazamay»
1a00PaTOPHSUTBIK )KYMBICHIH JKYPri3y Ke3iH/Ie CyIbIH KaCHSTTEPIiH KOHE JIACTAHFaH CY/bl Ta3apTKaH COH
Cy camachblHBIH KOPCETKIITepiH aHbIKTay MakcaTbiHaa Relab.lite mporpammainsik skyiieci >xoHe

CeHCOpJIaphl KOJIAaHbLIKI (1a-cyperT).

ReLab.lite mporpamMManbIk xyleci — MyFariMaepre apHaiFan amoOeban mudpIibl 3epTXaHaIbIK
Kypanl Ooiblll TaObuIagbl, HETI3T1 KbI3METI CEHCOPJIAPBIHBIH KeMeriMeH Oenruii Oip XUMUSIIBIK
KOCBUIBICTBIH KYpaMbIH aHbIKTay (19-cypeT). By nporpammansik sxyiie e31HI1K apThIKIIBUIBIKTapFa He:
JalblH KUBIHTBIKTAp SJICTEMENIK YCHIHBICTApMEH OIpre »eTKi3iieAl; 3epTXaHAJIbIK *XYMbBICTap/IbIH
cUmnarraMacbl OepuUIreH; >KeKe 3epTXaHAIbIK >KYMBICTapJbl 93Ipjey MYMKIHJIIr; anmaparThlK MKoHE
OarapiiaMalibIK JKacaKTaMaHbl YUPEHY OHAll; eJeysep/l )KbuiiaM 6actay cabak yaKbITHIH YHEMICH1

[6].

www.relab.ru

la xxoHe o cyperrep. Relab.lite mporpammansik sxyiieci

3eprrey xymbicbiHa IbiMkeHT Kamackl Nel36 skanmbl opra OuTiM OepeTiH MEKTEOIHIH KoHE
A.BalitypceiHOB aTtbiHAarbl No50 MeEKTen-TMMHAa3HsACBIHBIH &-ChIHBII OKYIIBUIApbl KaTbICThl. EH
aIJIBPIMEH OKYIIbLIAD 63 KOJIAphIMEH JacTaHFaH CyAbl Ta3apTaTblH (QHIBTP KYpacThIpIbl, (GUILTP
KypaMbIHa KIpeTiH Ta3apTyIbl 3aTTapAbl Kellecinel KacueTTepiHe Kapai KIKTeN KOJIAaH bl (2-KecTe).

PIUIETP KypaMbl

KeMmip

3arTap MeH KocCHalapibl KOSIIbT.
Opra=HIKaILEIK KOCBUIBICTap alacopoImst
aiaiciMeH anbkrHAIBI JKoHEe caKTaslallbl.
Xmopae! xolimaiiaer, Sipak
OenceHIUipUIreH KeMipile cy3iireHHeH
KeiliH X71op memuepi aiirapiasrkraii
azasapl JKoHe OeJICeHIUTIri Tomeneii.

7

DPCHILTP KypaMbI ATRKaAparbiH KbI3ZMeTi <PDoTO
KHBIDIOBIK KIIBIPIIBIK TaC HEMECE YCcaK Tacrap
Tacrap JKanesIpakrap HeMece JKOHIIKTEp CISIKIBI
YJIKeH IIeriHiainepili cy3y YIIiH 3
KOJLIaHBLIAIBL. J
KyMm (KBapi) CYCHEH3IIHBI, COHIAall-aK KaIKbIMalIbl
JKoHe OaThil Oapa >KaTKaH OeueKrepii 0\
KeTipy YIIIiH KoJUlaHbUIalbl. BemmeKkTrep "
CiHipY HeMece (DIBIKAIBIK &
HHKAICYIIALII apKBUIbI JKOITbUTas!. Eﬁ.; g A
Besicenaipiares XIIMIDUIBIK CiHIPpY apKbUIbI JIaCTAYIIbT
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JKorapbiia kepceTiireH KoChbUIbICTap HETi31HAe OKyIIbuIap 63 OeTTepiHie GMIBTP KYpacThIP/IbI
(2-cyper). Jlacranran cy lllsiMkeHT Kanmachl «KailiHap Oyiiaky KeJIIHEH aJbIHbII, JIATCAHFAH CYJIbIH
KYpaMbl aHBIKTAJIBIHBII, (PUIBTPAIUS APKBUIbI Ta3apPTHUIIBI.

2-cypet. Konan xacanra QUIbTp

Jlactanran cy (WIBTp apKbUIbI Ta3apThUIFAHHAH KEWIH OKYIIBLIAp €H albIMeH (PU3HMKAJIBIK
KacueTTepiH canbICThIpabl. HoTmkecinae, Temmeparypacel 25°C, wici )oHE TYCi CaTbICTBIPMAIIBI TYp/E
YKOUBUIBITI, Ta3apThUIFAaH Cy MOJIIPJICHII, >KaFbIMCHI3 MICTEH Ta3apFaHABIFbIH aHBIKTaAbl (3-cyper).
CoHbIMEH KaTap, CalBICTHIPBUIFAH €Ki CynblH pH-KepceTkimTepl cambICTRIPBUIALI (4a, 9-CypeTTep).
Jlactanran cynsiH pH-metpi — 7,62, an tazapThiaran cyasiH pH-mMeTp kepcerkimnti — 7,50-re TeH 00JIIpI.

4-cyper. a- nac cyaslH pH-MeTpi jxoHe o- Ta3apThulFaH cyIblH pH-MeTpi

Conan keitin ReLab.lite Garmapnamansik sxyieci apkbuibl 1-kecTe OOWBIHIIA MaliMeTTEpre
Herizgeni. Aran aiircak, ¢y Kypambinaarsl xjaopua uonst (ClY) (5-cyper), kanuii wonst (K*) (6-cyper),
KYpaMBbIHJaFbl aMMHUAK KOHE aMMOHUM Ty31apbl (7-CypeT), TOTBIFY-TOTBIKCBI3/IaCHY PeaKIMsIFa KaTbICy
KOpCeTKIIl aublHIbl (8-cypeT). SIFHH, JlacTaHFaH »>KOHE Ta3apThUIFAH CyJapiblH apachIHAAFbl
allbIPMaIIbUIBIFBl KOPCETLII, TaAaHbIN, KOPBITHIH/BI jkacayblH bl ReLab.lite Oarnapiaamansik xyiiect
apKbUIbI aJIBIHFaH MAJIIMETTep TpaduK Typinae oepinmi.
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binim anymbuiap anblHFaH MOTIMETTEpAl 3apa TalKbUIall, CyJbl Ta3apTyIbIH SJICTEpi JKOHE
CyIbl CaKTay, Cy SKOJIOTHSCHI YKabIHIA MPOOJIEMalbIK CypakTap KOWBIN, HOTHXKECIH aHBIKTAIl, TOI

IIiHae Taaay KYMBICTapbIH JKYPri3fi.

KopbIThIHABI

Kopsiteiaapinait kene, STEM-TeXHOTOTHICHIHBIH HET131H/IE OKYIIbIIapFa CyIbIH TAOMFU carmachl
KaNBIHIAFbl aKMmapaTTap TOJIBIK AHBIKTANBIHBIN, CYABIH SKOJOTHICH JKaWbIHIA KO3Kapachl KOHE

3aMaHayH I1aTopMaMeH KYMBIC jKacay JIaFIbIChl KAJIBINTACThIPbUIIBL. OKyIIbIIapFa CyAbl Ta3apTy IbIH
onticTepiH, GWIBTP KYpambl TaHBICTHIPBUIABL. AJIBIHFAH aKHapaTTap/AblH HETi3iHAe OuTiM alymbuiap o3
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KOJIapblHAaH (QHIBTP KypacTeIpApl. DUIbTpanus HOTHXKECIH calbICThIpy MakcaThiHga ReLab.lite
OargapiIaManbiK JKYHeci maiIaTaHbUTBII, alIbIHFAH aKIapaTTap TaaKbUIaH b
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Anmabexosa Axmapan®, Maxynbexoea Anap?
'Hazapbaes Hnumennexmyanvnoii wikont (pusuxo-vamemamuyecko2o Hanpaeiens 20pooa Anmamol

IKCIIEPUMEHTAJIBHAS JIABOPATOPHAS IIJIATA STEM LOGIC GATES B
N3YYEHUHU TEMBI IOTHYECKHE OCHOBBI KOMIIBIOTEPA B IIKOJIE

AHHoTanus. [IpenMerom uccrienoBaHus SBJISETCS MOAXOJ B OOYYEHUHU JIOTUYECKUX OCHOB
paboTel kKoMIbIOTEpa. ONHCaHbl OCHOBHBIE TEMBI, U3y4aeMble B Kypce HHPOPMATHKH B IIKoJie. B craThe
paccMmarpuBaeTcs u3ydeHue HMUMPOBBIX CXeM Yepe3 MCMoJib30BaHue TexHojorun Case study mo teme
JIOTUYECKHE OCHOBBI KOMITbIOTEpA B paMKax Kypca HHGOPMATUKHU B IIKOJIE. BBISBISAIOTCS 0COOEHHOCTH
BBIOOpA TEXHOJIOTMU PACKPBITUSI pacCcMaTpuBaeMoil B cTaThe TeMbl. [IpHMBOIUTCS CpaBHUTENbHBIN
aHanu3 ocobenHocTH moaxoaa Case study u ucnonb3oBaHus pa3pabOTAaHHOW aBTOPAMU JAHHOM CTaThu
n1abopaToOpHOH MIIATHI MPU U3YYSHHUH JJOTHYECKIX OCHOBaHHM KOMIIbIoTepa. B pe3ynbrare paboThl Oblu
MIPOAHAJIM3UPOBAHEI OCHOBHBIE CIIOCOOBI PACKPBITUS TEMbl JIOTUYECKUX OCHOB KOMIBIOTEpAa U
IUTaHUpYyeMas arpoOaIus miaTel B OyayHiem.

KuaroueBbie ciioBa: case study, moaxoj, JOrHKa, JOTHYeCKUe OCHOBBI KOMITbIOTEPa, MU(PPOBas
cxema.

BBenenue

MunuctepctBo O0pa3zoBanus Kazaxcrana cTaBUT BBICOKHE LI€TH Tiepes] coO0i B MOBBIICHUU
Ka4yeCcTBa MOATOTOBKM KaJpOB, OTPOMHOE KOJIMYECTBO IIE€JAroroB 3aHMMAIOTCS HCCIICIOBAHUSMH B
HaMpPaBJICHUU TOBBINICHUSI YPOBHSA 00pa30BaHMs, ISl ATOTO TaKkKe MPOBOAATCSA Pa3UYHbIE KYPCHl U
CEMHUHAphI IEPenoAroTOBKU. V3ydaroTcs 1 MPUMEHSIOTCS pa3iIMdHble METOAbI U (GOPMBI OOyUeHUS st
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yAy4IlIeHUs KadyecTBa y4eOHOT0 Mpoliecca U MOBBIIIEHUS MOTUBALIMH yJalIuXxcsi. B coBpeMeHHOM ypoke
MIPOCTO HEOOXOIUMO pPa3BUBATh y YYAIIMXCS CIIOCOOHOCTH aHAJIM3MPOBATH NMPOOJIEMHBIE CUTYaIlHH,
YYCHHKY Ba)KHO OOJIaZiaTh HAaBBHIKAMHU aHalM3a W CHHTE3a, YTOOBl YMETh HAaXOJUTh HEOpIUHApPHBIC
pelieHus. YMEHME BbICKa3blBaTh CBOKO TOUKY 3PEHHs, CBOM MBICIM, BHOCUTH IPEIJIOKEHUS U HUJIEH,
YMEHHE BbICIIYILIUBATH MO3ULINIO APYIUX JIOJEH U apryMEHTUPOBATh CBOIO, aHAJIM3UPOBATh U OLIEHUBATh
pa3auyYHbIE JKU3HEHHbIE CUTyallud. A HMEHHO pPAa3BUTHE STHUX HABBIKOB TpPeOyeT COBPEMEHHOE
COOOIIECTBO OT CIIEIHAIMCTOB HALIETO BPEMEHHU.

CnenaB aHaJIM3 HAyYHO-TIEIarOTMUECKOM JIMTEPaTyphl KOJUIET OJMKHETO U JTAIBHETO 3apy0eKbs,
Obula BBISIBIICHA 3HAYMMOCTH NPHUMEHEHHUS MeETO/la Kelica B COBPEMEHHOW cHCTeMe 00pa3oBaHUS.
Texnosorust MeroAa Keiica MO3BOJSET PA3BUTh y YYalllUXCsl SI3bIKOBbIE KOMIIETEHLIMH W MOBBILIAET
YpOBEHb aHaJIN3a, CUHTE3a, MHTEPIPETALUU MTPH OOCYKJICHUH U TUCKYCCUH ONPEEIEHHON CUTyaIuu.
Pa3BuTHe HaBBIKOB BBICOKOTO MOPSJKA SBJIAETCS INIABHOM LENbIO MEAAroroB CTapuleil MIKOJbI, a IS
3TOr0 HEOOXOJMMO YK€ B OCHOBHOM IIKOJE yMeTh c(hOopMHUpOBaTh HEOOXOJUMbBIE YMEHHUS U
MOATOTOBUTH HX.

BuneBckas, A.B. o0o3Haumia, uto «...Case-study - omHa M3 HOBBIX BBICOKOI()(PEKTHBHBIX
TEXHOJIOTUH 00y4YeHHUsl, oApazyMeBarolias paboTy ¢ MpoOJIEMHBIMU CUTYAlMSIMU HA OCHOBE (PAaKTOB U3
peanbHOM KU3HH, YETO TaK YacTO HE XBaTaeT I MOHWMaHUs ydeHHKaM Ha ypokax.» [ 1], CaBenbeBa M.
I'., momuepkHyna «...4TO yYallMMCSl MPEAJaraloT OCMBICIUTh pPEajbHYIO0 >KM3HEHHYIO CHUTYaIHUIO,
ONMCAaHNE KOTOPOW OJJTHOBPEMEHHO OTpa)kaeT He TOJIBKO KaKyl-THM0O MPaKTHUUYECKyI0 MpobiaemMy, HO U
aKTyaJlu3UpYyeT OIpeleTeHHbIH KOMIUIEKC 3HAHUM, KOTOPBIH HEOOXOIMMO YCBOWUTH MPHU pa3pelieHun
naHHOM mpoOsiemsl [2]. Ilpu sTom cama mpoOiemMa HE MMeEET OJHO3HAYHBIX pelIeHUH...», Bruner
YTBEPKIaeT, UTO B METOJIe Keica 23(pPEeKTUBHO UCIOJIB3YeTCS aKTUBHOE OOydeHHe, BKIIOYACT B ceOs
caMOpacKpbITHEe, TJ€ YYHUTEIb BBICTYMaeT B KadecTBe mocpenHuka. Co3maer crmocoOHOCTh K
KPUTHYECKOMY MBIIUIEHUIO... MoJienupyeT npouecc HHAYKTUBHOTO OOy4EHHUS U3 OIBITA: OH MOJIE3eH
JUTSI TIPOJIBMIKEHUS 00YYCHHS Ha IPOTSHKCHUH BCEH JKU3HU. .. » [6].

[Ipumensist naHHBIM METOJ Keiica Ha MPOTSHKEHHH y4eOHOI'o rojia, MPOBOJWICA OMPOC Cpelu
yyaluxcs, TeMa HUccle[oBaHMs Oblia BhIOpaHa HE CiydyailHO, anreOpa JIOTUKUA MpPHUMEHsIeTCS IpU
CO3JaHMU AIIEMEHTHOU 0a3bl JJIsl BBIYUCIUTEIbHBIX MAIIMH, a TAK)KE BAKHOCTh U aKTyaJIbHOCTb TEMbI
anredpa JIOTUKM MOXHO paccMaTpuBaThb B TpEX acleKTax: METalpeAMETHbIN, COLMANbHBIA U
MpeIMEeTHBIM. X04eTcs OTMETHTb, YTO BCE TPU aCHEKTa HampaBiieHbl Ha (OpPMUPOBAHHE YMEHUS
paccyXaarh, KOHCTPYUPOBATh JIOTUYECKU U 0OOCHOBATh CBOE PEIICHUE 3a/1a4H, YTO SBJSETCS JIYUIIUM
CIOCOOOM PACKPBITHS TBOPYECKUX CHOCOOHOCTEW ydammxcs. Takum o0pa3oMm, U3y4eHHE TaHHOTO
pasnena JOKa3bIBAeT HMHTETPHUPYIOLIYI0 pPOJb HWHGOPMAaTUKU B  TMPEAMETaX ECTECTBEHHO-
MaTeMaTU4eCKOTo HampaBaeHus [3].

OcHOBBIBasICh Ha MPEABIAYIIMX OT3hIBaX YYaIIMXCS, Mbl CUMTAaEM, YTO OJIHA U3 MpoOJeM, C
KOTOPBIMH CTAJIKMBAIOTCS y4alluecs IpU U3y4eHUU TeMbl HU(GPOBOM JIOTUKHU, CBSI3aHA C aOCTPAKTHBIM
XapaKkTepoM TEOPUHU. Y4yalrecs 3HaKOMATCS ¢ psAoM HUuPOBBIX Joruueckux anementos (M, MJIN, HE,
H-HE, NI, NCKIIFOYAIOIIEE MJIN) u ¢ Tem, KaK 3TH JOTHYECKUE DJIEMEHTBI 00bEIMHSIIOTCS s
co3iaHus OoJiee CIOXKHBIX HHU(MPOBBIX JIOTMUECKHX CXEM, TaKMX Kak IpocToe cioxeHue [4].
CyllecTBEHHBIM MPENATCTBUEM Ul TOHUMaHUSA ydalluMHUCS paboThl OTAEIBHBIX JOTMYECKHX
3JIEMEHTOB SIBJISIETCS TO, YTO HEBO3MOXKHO 3arjIsIHYTh BHYTPbh LHM(POBOTO JIOTHYECKOTO 3JEMEHTa U
MOHATH, KaK OH paboTaeT. BMecTo 3TOr0 ydamuiics J0JKEH YCTAHOBUTH CBSI3b MEXAY MOBEICHHEM
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CXEMBl U €€ MMEHEM M CHMBOJIOM. 3aTe€M YyYalluecs HCIOJB3YIOT 3TH CHMBOJBI sl OObEAMHEHUS
HECKOJIBKUX JIOTHYECKUX SJIEMEHTOB JIJIs CO3/1aHus O0JIee CI0KHBIX cXeM. B HacTosIee BpeMs nearoru
UCTOJB3YIOT BUPTyaJbHbIE OHJIAHH J1TabOpaTopuu Ha YpokKe, A OOBSICHEHUS NpPUHIMIA PaOOTHI.
[IpeumymiecTBO moaxona K MporpaMMe HCHOJNb30BAaHUS OHJIAH pPECYpCOB IIPU  COCTaBJICHUU
BUPTYaIbHOU IIU(PPOBOI CXEMBI U 3aKJIFOUAETCS] B TOM, UYTO y4alllUiCAd MOYKET 3KCIIEPUMEHTUPOBATh U
TECTUPOBATh CBOIO cxeMy. OHAKO ONPOC CPEeH y4YalluXcs MOKa3bIBAaeT, pa304apoOBaHUE ydalllUXcCs B
IIpOrpaMM€ PHCOBAHHUS, KOTOpas CUMTAETCS CIUILIKOM a0CTPAaKTHOM M CJIOXHOM, Korja ydJariuecs
TOJIBKO YTO M3YYWJIH KOHIICTIHIO ITU(GPOBOH JIoTuku. Pa3soyapoBanue Ha 3TOW paHHEH CTaJlUU MOXKET
IIPUBECTH K OTBJIEUYEHUIO OT TEMBI.

Ananu3 HaOMOJEHUS Ha YpPOKE U pe3ylbTaThl ONpoca IMOKa3ald, YTO MCIOJIb30BaHUE
(U3MYECKUX JIOTHYECKUX OJIOKOB MOKET OBITh MOJIE3HBIM IPH U3YUYE€HUU TeMBI anreopa oruku. Jloctyn
K (PU3MUECKOMY YCTPOWCTBY MOXKET JaTh YUEHMKY MEHee a0CTPaKkTHYI0 MH(QOpPMAIMIO O MOBEICHHUU
JIOTUYECKOTO 3JIEMEHTa M CXEMbl. OJTO MOXKET IIOMOYb YMEHBIIUTh HEKOTOPYI0 HEYBEPEHHOCTb
HAa4YMHAIOIIEro yuyeHuka [5]. BakHO OTMETHTH, UTO KaKIbli ydamuics OyaeT MMETh BO3MOXHOCTh
WHIUBUAYAIbHO CTPOUTH CBOIO JIOTHUECKYID CXEMY, YTO TIO3BOJMT JOOUTHCS CAMOCTOSITEIBLHOTO
MOCTPOCHUSI MHIMBUAYAIHOTO 0O0pa3oBaTeabHOro Mapuipyra. Mcmonb3ys HUQpPOBBIE JOTHYECKHE
0ok, ydamuecs CMOTyT (u3uuecku HaOMIOAaTh pe3yabTaThl pEIIeHUs 3aJady, a He B BUJE
CTaTMYECKOTO MUCHbMEHHOI'0 TEKCTa Ha CTPAaHUIIE WK IpadUyeckoro mnpeacTaBieHus Ha skpaHe. OHu
CMOTYT B3aMMO/JICHCTBOBATh CO CXEMOW M HampsMyI0 HaOIIOAaTh 3a PE3yIbTaTOM CBOETr0 pELICHHUS.
Takoil mpakTHyeckuil MOAX0A OOJIETYUT HKCHEPUMEHTHPOBAHME, TO3BOJIUT YYallUMCS OIICHUTH
3¢ dEeKTUBHOCTh pEIICHUs M TOMOKET B pPa3pabdOTKe albTepHATUBHBIX pemieHuid. Kommentapuu
yyaluxcs, B Onpoce ObLIM COCPEeIOTOYEHBI HAa OTCYTCTBUHM «IIPAKTHYECKOT'O MPAKTUUYECKOTO OIbITa
paboThl ¢ anmmapaTHbIM 00ECTIEYeHUEM», C MPEIOKEHUSIMU BKIIOUUTh «00jiee MPaKTHUYECKUE BEUH C
BEHTUJISIMH - HUCIIOJIb30BAHME BEHTUJIEH M TO, KaK OHM pabOTalOT C JABOWYHBIMU JaHHBIMU» U «Ooiee
KHHECTETHYECKUE yueOHbIE pecypch» [4].

Hamu Obin pa3pa®otan 6a30BbIii KOMIUIEKT AJIsl MOCTPOEHMsI JIorhuyeckux 1enei. Kommaekr
COCTOUT M3 TpeX IaHelield BXOJOB, JIOTHUECKUX BEHTHJIEH U BBIXOJOB. KOMIIIEKT OB M3rOTOBIICH
MAaTPUYHOM ITIAThI U 3JIEKTPOHHBIX KOMIIOHEHTOB, TAKMX KAK MUKPOCXEMBI JIOTUYECKUX BEHTUIEH. OHH
ObUTM YHakoBaHbl B OyMa)KHYIO KOpPOOKy. bbimum mpoBeeHbl HEKOTOpbIE HIKCIEPUMEHTHI, TaKHE Kak
pea3anus JIOTUYECKUX 3JIEMEHTOB JUIsl MOJYyCyMMAaTopa M IMOJIHOTO CymMMaTopa MpocToil OyieBoit
anreopsl.

DnektpoHHbId KoMILIekT Stem Logic Gates (cM. prcyHOK 2) MO3BOJISET YYallUMCS MIpaTh W
AKCIEPUMEHTHUPOBATH C (PU3UUECKUMU JIOTUYECKIUMH BEHTHIIIMU, TEM CaMbIM TIO3BOJISISI UM YBUAETD, KaK
BBIXOJ] IU(PPOBOIA CXEMBI PearupyeT Ha BXO/IBI.

JIns ucciaenoBaHKMss B KavyecTBE CpaBHEHHs OHyaiH nabopatopust Logicly (Pucynok 1) u
paspaboTaHHas HaMu coOCTBeHHas JiabopaTtopHas miata (PucyHok 2), skciepuMeHT IpOXOAMI Cpeau
yuamuxcs 7-11 knaccos.
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Hcnonb3yss MeETON KEWCOB, ydalllMecs BBINOJHJIA 3aJaHus, COCTABJIEHHBIE C YYETOM
0COOEHHOCTEHN yueOHOM TpyYIIbI, UX UHTEPECOB U MmoTpeOHocTel. [Ipu cocTaBneHnN 3aaHUl BaXKHO
WCIIOJb30BaTh  CTPYKTYPHPOBAHHBIE 3a/laHUsl  TO3BOJISIONIME TMPOBEPUTh TEOPETHUYECKUN |
MPaKTUYECKUH YPOBEHB 3HAHWH B KOHTEKCTE MPUKIIATHBIX 3a7a4. Pa3BuBaTh HaBbIKM 000CHOBAHUS BCEX
9TAmoOB PEIICHUs, TPAaMOTHOTO W TIOCJIEIOBATEIIHFHOTO TOCTPOCHHS IIETIOYKH PACCYKICHUM U
npeoOpa3oBaHuil B X0/ 10Ka3aTeIbCTB [7].

Amnanu3 HaOII0eHHs TTOKa3al MOBBIIICHUE YPOBHS BOBJICUEHHOCTH B YPOK, KaXKIbI ydaluiics
C 0COOBIM MHTEPECOM MOT BBITIOJIHUTH 3aJJaHUs M OOBSICHUTH MOBEICHUE JIOTUYECKOH 1IeTH Ha BBIXOJE,
a ydamnguecs: CTaplleil IMIKOJIBI MOTJIM CaMOCTOSITENIBHO BBINIOJHATh 33/I1aHUS BHEIIHETO CYyMMAaTHUBHOTO
sk3ameHa. CuMTalp, 4YTO BHEJPEHHE [AHHOIO MeToJa B OOY4YeHHH TeMbl anreOpa JIOTHKU B
oOmieo0pa3oBaTenbHBIX IIKOJAX IOMOXET npu mnoAroroBke Kk Eaunomy HanumonansHomy
TECTUPOBAHUIO.

B kauecTBe mMOATBEp)KIACHHS HaIIero HaONIONEHUS Takke ObUT TMPOBENEH aHalu3
AQHAJIMTUYECKOTO OTYETAa BHELIHErO 3K3aMeHa 0 JaHHOW TeMe. TpyaTHOCTH BCTPEUYAIHUCh 0 MOATEMAM
MOCTpOCHUSI 60Jiee CTPYKTYPUPOBAHHBIX U CIOXKHBIX 33a/a4. B3sB BoO BHUMaHHE pelIeHHe TaKUX 3a/1a4,
ObUIM COCTaBJICHBI M anpoOHWpOBaHbI HAa YpOKax 3aJaHus, TPeOYIOIIMe MOCTPOSHUS YCIOKHEHHOM
JIOTMYECKOM IeTH C MpUMEHEHUEM Haiel JabopatopHoit miaTel. [To oTBeTam yuamnuxcst BHyTpeHHero
CYMMAaTHUBHOTO OLIGHUBaHUS, a OCOOCHHO, MPHU BBIMIOJHEHUH CTPYKTYPUPOBAHHBIX (MHOTO3TAIHBIX)
3aJlaHuM, B3STHIX W3 JKU3HM, y4allhecs MPEACTaBIsIN Oojee moApoOHyr0 HMHPOpPMAIUIO MO0 TeMe
BOIIPOCA, YTO O3HA4YaeT MOBBINICHUE HABbIKA aHalu3a M CHHTE3a IPU PELICHUU KU3HEHHO-
CUTYaLIMOHHBIX 3a/a4.

BoiBog

Mpbl mpoBeNnM HECKOJBKO IUGPOBBIX JIOTHYECKUX OJKCIEPUMEHTOB C HCIOJIB30BAHUEM
busrueckux Tornueckux BeHtuiei (Stem Logic Gates). Ilesb 3THX S9KCIIEPUMEHTOB — MOHATH BIASHHAE
WCIOJIb30BaHUs (DU3UUYECKON BBIYUCIUTENHLHON Cpelbl HAa B3aUMOJEUCTBUE ydamuxcs ¢ nudpoBoit
norukoi. OT3BIBBI yUAIIMXCS TMOKAa3bIBAIOT, YTO HCIOJIb30BaHHE (DU3MUECKHUX JIOTHUYECKHUX OIOKOB
MOMOTIJIO JIy4Ille MOHATh HUGPOBYIO JOTUKY M IU(poBbie cxeMbl. OOydeHre ydamuxcs mu@poBoit
JIOTUKE BAYKHO JIs1 Pa3BUTHS Y HUX TOHUMAaHMSI TOTO, Kak paboTaet koMmbioTep. B Oyaymieii paboTe Mbl
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IUIAaHUPYEM PACIIMPUTH KOJIMYecTBO HabopoB Stem Logic Gates, moCTymHBIX KaXIoMy ydamieMmycs, 1
pa3paboraTh OoJiee CIIOKHBIC 3aJaHMS U SKCIEPUMEHTHI C HCIOIb30BAaHUEM OOJBIIEr0 KOJIUYECTBA
JIOTHYECKUX OJOKOB, TaKKe BKIIOUUTH HA0OP JIaOOPATOPHBIX YIPAXKHEHUH, YTOOBI MOMOYb YYaIIUMCS
U3YYUTh M TOHATH TEOPUIO U TPAKTHUYECKUE ACHEKTHl IM(PPOBBIX JOTMYECKHX 3JIEMEHTOB. Tarke
IUTAHUPYETCS Al THPOBATh JaHHbIE HAOOPHI U ydalIuxcs 00meo0pa3oBaTeIbHBIX OMOPHBIX IIKOJI,
MIOJICIUTHCS OIIBITOM M OOYYUTh YunuTesneld HHPOPMAaTUKU cOOpy TaKuX HAOOPOB y cedst B IIIKOJIAX.
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IMPROVING SECONDARY SCHOOL STUDENT PERFORMANCE IN BIOLOGY CLASSES
USING Al

Abstract. The implementation of Artificial Intelligence into teaching biology to secondary school
students implies that it will help people learn better and achieve educational goals more effectively.
This study focuses on assessing the impact of Al-driven teaching methods on student motivation and
academic performance through qualitative interviews and quantitative surveys with biology teachers, and
pre- and post-tests results of students from different schools of Almaty, Kazakhstan. The study found
that while there was only a slight improvement in overall academic knowledge, student motivation
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significantly increased as a result of the Al-enhanced learning experience. The incorporation of Al
technologies stimulated student interest and enthusiasm for biology, fostering a deeper engagement with
the subject matter and promoting active participation in learning activities. Overall, this study
underscores the importance of integrating innovative technologies like Al into educational practices to
create dynamic and engaging learning environments that inspire and empower students to excel in their
academic pursuits.

Key words: Artificial Intelligence, Al, Biology, Innovative Teaching, Innovative Technolog

Introduction

The current rapid development of technology, the processes of globalization, and the transition
to a digital society certainly concern the field of education. There has never been in history that new
reforms, the development of culture and technology did not apprehend the education system. In such a
vast world, everything is always interconnected, so new technologies have not bypassed the education
system. In the 20th and 21st centuries, the use of innovative technologies entered the daily life of both
teachers and students (Yeltunova, 1., Nesterov, A., 2021). For example, in 1966, a professor at Stanford
University conducted the first experiment on teaching school children through computers. Then various
computer systems, programs and platforms began to develop. However, the breakthrough in the
widespread use of electronic media in education was during the pandemic. The use of these technologies
makes it possible to change the system of the educational process, improve the quality of education,
motivate students and immerse them in the educational environment, but of course there are negative
sides too. This work is interested in the application of information systems in the field of pedagogy,
namely artificial intelligence. "Artificial intelligence™ (Al) is a term that was introduced half a century
ago, in a summer seminar at Dartmouth College (Hanover, USA) (Ganascia, J., 2018). Artificial
intelligence is a field of science and technology that creates intelligent machines and computer programs
to perform various tasks that require human intelligence (Bhbosale, S., Pujari, V., & Multani, Z., 2020).
It is a system that simulates different functions that a human can perform. A lot of time has not passed
with the use of Al in the field of education, but the expected results are promising. For example,
facilitating student assessment, promoting personal learning, and completing learning processes online,
mixed and offline. Due to the shortage of teachers in the United States, scientists have proposed an option
to replace several teacher roles with robots with artificial intelligence (Edwards, B., Cheok, A., 2018).
There is a special term "Atrtificial Intelligence in Education” (AIEd), which is one of the frequently
discussed topics among scientists. At the moment, there is a small gap between studying the use of Al in
education and its actual implementation in ordinary schools. In the spring of 2023, only 9% of American
teachers used artificial intelligence tools, according to the consulting firm Tyton Partners. However, by
the autumn of the same year, this figure had increased to 22% (Kelly, S., 2024).

Currently, Kazakhstan ranks 83rd out of 132 countries in the global innovation index. In the
ranking of the readiness of states to implement artificial intelligence technologies in 2020, the country
ranks 64th out of 172. As part of the digital transformation of public administration and the development
of digital technologies, the Ministry of Digital Development, Innovation and Aerospace Industry is
developing a concept for the development of artificial intelligence (Bigari, R., 2023).

Problem statement. As the use of Al in other spheres of life shows good results, it means that its use in
the educational process can affect the academic performance of students, their motivation and interest in
lessons at school. As it is written above, American teachers have already begun to introduce artificial
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intelligence into their work, why not introduce this in Kazakhstan? Statistics show that the Republic of
Kazakhstan is at the initial stage of Al application. The interest in the influence of Al in the field of
education is very high, therefore, this study was charged, which may be an innovation in the education
program in Kazakhstan. The correct use of Al can lead to unprecedented results. It became interesting
whether it is possible to use Al in the educational process in ordinary schools of the country? Biology is
one of the most interesting lessons in school. The integration of artificial intelligence can be much more
successful than humanity can imagine. The introduction of Al into the teaching and perception of a
biology course can yield significant results, both in the academic part and in improving the interest of
students. The purpose of the study is to introduce artificial intelligence in a biology lesson, to understand
whether Al affects academic performance and motivation of students.
Research questions. The study will be guided by the following research questions:

e How can Al be utilized to enhance the academic performance of secondary school students in

biology classes?

e s it effective to use Al in biology lessons to improve the students academic performance?

e Avre schools in Kazakhstan familiar with using Al in teaching biology?
Hypothesis of the study:

e Al as atool for enhancement of academic performance can be used for assessment and students’

self-work.

e Using Al in biology lessons is effective in many ways.

e Using Al in education is new for most of the Kazakhstani schools.
This work presents the studied literature about artificial intelligence, its application in the educational
system, pros and cons. The following parts analyze the methodology of the experiment, its analysis and
discussion, concluding with a conclusion on the implementation of Al in biology lesson.

Literature review

Al definition. Nowadays it is difficult to imagine life without the confusion of any innovative
systems. Whether it is the field of education, science, medicine, sports, art, etc. any field is connected
with the latest digital technologies. Humanity is constantly coming up with something, developing it to
improve the quality of life. One example is the emergence of the term artificial intelligence.

What is Al, and how has its existence changed anything on the positive side? Is he smarter than
humans? No, says Jean-Gabriel Ganasia, a lecturer in computer science at the Sorbonne University,
professor, as well as a researcher at the LIP6 research laboratory (Laboratoire d'Informatique de Paris 6),
a full member of the European Association for Artificial Intelligence EurAl (European Association for
Artificial Intelligence): this is just a myth inspired by science fiction. Next, we will consider the main
stages of the development of this branch of science, the achievements of modern technology and ethical
issues that increasingly require attention (Ganascia, J. (2018).

Artificial intelligence (Al) is a branch of science, the property of artificial intelligent systems to
perform creative functions that are traditionally considered the prerogative of man (not to be confused
with artificial consciousness); the science and technology of creating intelligent machines, especially
intelligent computer programs. Al was officially born in 1956 at a summer seminar at Dartmouth College
(Hanover, USA), which was organized by four American scientists: John McCarthy, Marvin Minsky,
Nathaniel Rochester and Claude Shannon. Since then, the term "artificial intelligence”, coined, most
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likely, with the aim of attracting universal attention, has become so popular that today it is hardly possible
to meet a person who has never heard it. Over time, this branch of computer science has developed more
and more, and intelligent technologies in the last sixty years have played an important role in changing
the face of the world (Ganascia, J. (2018). The main components of Al

Artificial intelligence is the result of the synergy of many technological, scientific and industrial
achievements of the previous 100 years.

There are many factors that influenced the expansion of Al, but there are several key ones:
computing power, Big data (including data analysis algorithms) and innovative machine learning
algorithms, especially neural network methods.

One of the main drivers of the rapid development of Al was computer games and gamers, who
drove the progress of video cards, which allowed exponentially increasing computing power, which later
began to be used for Al projects.

The more data there is, the more accurate the results, so Al could not appear before sufficient
computing power, Big Data and a high level of Internet development appeared, but all this needs to be
interpreted and processed correctly, i.e. algorithms are needed (Head of Nvidia).

Al methods.

Data analysis

Data Science extracts knowledge, finds patterns in data, and predicts using methods of statistics,
econometrics, deep learning, and machine learning.

Artificial Intelligence Training

Main article: Artificial Intelligence Training

Deep Learning Al. For 2023, the following methods are used: backpropagation, Generative
Adversarial network (GAN), convolutional neural networks (CNN), recurrent neural networks (RNN),
direct propagation networks (FNN), Deep neural networks (Deep Neural Networks) and autoencoders
(Head of Nvidia).

Application

Many of the results achieved using Al technologies are superior to humans: in 1997, a computer
defeated the then world chess champion, and recently, in 2016, other computers beat the world's best go
and poker players. Computers prove or help prove mathematical theorems; knowledge is created
automatically, based on machine learning methods and with the help of huge amounts of data, the volume
of which is calculated in terabytes (10 to the 12th degree) and even in petabytes (10 to the 15th degree).

Self-learning intelligent systems are widely used in almost all fields, especially in industry,
banking, insurance, healthcare and defense. Many routine processes can now be automated, which will
transform our professions and eventually eliminate some of them (Head of Nvidia).

Ethical risks

Al does not only involve rational analysis and computer reproduction of most aspects of
intelligence — perhaps only with the exception of humor. Machines significantly exceed our cognitive
abilities in most areas, which makes us wary of some ethical risks. These are three types of risks: a
shortage of work that will be performed by machines instead of people; consequences for human
independence and, in particular, for his freedom and security; fears that more "smart" machines will
dominate people and cause the death of mankind (Ganascia, J. (2018), (Saghiri et al., 2022).
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However, upon closer examination, it becomes obvious that people's jobs are not disappearing,
but are being transformed, requiring new skills. Similarly, the independence of the human person and his
freedom are not in imminent danger due to the development of Al - provided, however, that we remain
vigilant in the face of technology intrusion into privacy (Ganascia, J. (2018), (Saghiri et al., 2022).

And finally, contrary to some claims, machines do not pose an existential risk to humanity, since
their autonomy is only technical in nature and in this sense does not correspond to the chains of material
causality going from information to decision-making. In addition, machines are not morally independent,
and therefore, even if they sometimes confuse and mislead us with their actions, they still do not have
their own will and obey the goals that we set for them. (Saghiri et al., 2022).

Al in the education system. The advent of information and digital technologies in our lives
simplified a lot of things, reducing the time to complete some tasks in different fields of professions. The
development of ICT is improving every year, an example of this is the emergence of a new field in ICT
- artificial intelligence. The emergence of Al has increased the effect of work performed in various areas
of human life, including in the field of education. The use of Al has led to digital transformations that no
one could ever have imagined.

One of the forms of artificial intelligence progress in the field of biology and biological education
has led to exceeding expectations in the development of science in these two areas. The application of
artificial intelligence in biology and education in biology has opened up new methods and discoveries
that can be useful to humanity. Some studies have identified the potential of using artificial intelligence
in biology and biology education. The study of various aspects of the literature has led to the
identification of various ways to use artificial intelligence. In the field of biology, including the use of
artificial intelligence, for the analysis of biological data, genetic research, the study of complex biological
phenomena (such as synthetic biology and systems biology), bioinformatics, disease detection and
diagnosis. The use of artificial intelligence in various fields of biological sciences, including medicine,
agriculture, animal husbandry and industry, contributes to product development and production
automation using the Internet of Things (Aripin et al., 2024).

The application of artificial intelligence in the field of education is mainly aimed at assisting in
the learning process, creating an intelligent campus and introducing intelligent teaching, teaching and
management methods. Image recognition, face analysis, adaptive learning, and other artificial
intelligence innovations are being applied in education, initiating change and improving teacher
performance (Kuo, 2020) and student learning experience. (Cui, Xue, & Thai, 2019). Moreover,
combining artificial intelligence technology and extensive data allows for the collection and in-depth
analysis of educational information, which can contribute to improving teaching and improving its
quality (Williamson, 2018). Next, a review of the literature on the impact of artificial intelligence on
adaptive learning, teacher evaluation, virtual classrooms, intelligent campuses and learning robots will
be presented (Huang et al., 2021).

Adaptive learning.

Artificial intelligence contributes to the development of adaptive learning. This approach uses
data mining, educational systems, and real-time analytics. The goal of adaptive learning is to integrate
testing, learning, memorization and practice into a single system in order to improve the learning process
of students (Van Der Vorst & Jelicic, 2019). An adaptive learning system is able to collect data on student
behavior. (Goel & Polepeddi, 2016). Currently, many companies offer mature adaptive learning systems
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such as DreamBox Learning (Grams, 2018), BYJU'S (Tripathy & Devarapalli, 2020) and IBM Watson
Education (Russo-Spena, Mele and Marzullo, 2019). Teachers actively apply various techniques,
including classroom systems, to improve the effectiveness of the educational process. One of these
methods is ALEKS (Assessment and Learning in Knowledge Spaces), a web-based assessment and
learning platform based on artificial intelligence (Huang et al., 2021).

Yilmaz's (2018) study looked at the impact of ALEKS on the academic performance of high
school students in mathematics. The results of the study showed that the use of ALEKS has a positive
effect on the success of students in mathematics at the end of the school year, according to statistics.
However, in a meta-analysis conducted by Fang, Ren, Hu, and Graesser (2019) to evaluate the
effectiveness of learning using ALEKS, it was found that ALEKS has the same beneficial effect, but
does not exceed traditional classroom teaching, except in certain cases when ALEKS was used for shorter
periods, rather than more long-term ones. This research will help teachers using the ALEKS learning
system to better inform students about the learning process (Huang et al., 2021).

BYJU'S app is a popular program in India that uses artificial intelligence in teaching, just like
ALEKS. BYJU includes online lectures, tasks for mastering topics. In addition, this program uses some
animations to explain complex materials and for easy understanding by students. The game control
interface allows you to make the learning mode interesting. And also, the BYJU system can offer courses
according to the abilities of the students (Kulkarni, Rai, & Kale, 2020). Shruti and Mukherjee (2020)
found that the BYJU application has led to changes in education in India by introducing constructive
teaching and learning methods. The majority of respondents noted that the application is interactive,
convenient and practical. BYJU can also promote deep conceptual understanding in students, and an
analysis has been conducted in India on how BYJU promotes deep conceptual understanding (Casanova,
2018). However, the slightly high price may also prevent some students from using it (Huang et al.,
2021).

Teaching evaluation.

Student assessment is one of the important parts in the learning process. Without checking and
analyzing the results of students, it is difficult to move forward, because when evaluating students, the
teacher will be able to understand how much the material has been assimilated, how much the students
were able to understand the new topic. Teachers will have to devote a lot of their time and efforts to
prepare questions, evaluate students' work, and analyze test papers. However, some Al technologies such
as image recognition, forecasting system, computer vision make assessment methods more diverse, the
assessment process and the assessment results more accurate (Aripin et al., 2024), (Huang et al., 2021).

Artificial intelligence technology can not only create exam questions (Rahim, Aziz, Rauf and
Shamsudin, 2018), but also automatically adjust assignments and test papers (Leeetal.) Correcting
homework and tests is a tedious task for teachers. The time cost of correcting home tasks and controlling
work leads to the fact that students are tired. Therefore, at the same time, when correcting control papers,
errors can occur. Image recognition technology frees teachers from the hard work of correcting
homework marks (Li, Cao, & Lu, 2017) and has a low error rate. Artificial intelligence technology is
used to correct exam papers and allows you to detect blank or seemingly identical sheets, which saves
the teacher time (Ko¢-Januchta et al., 2020).

Lytek and New Oriental have jointly launched the RealSkill program, which enhances the
effectiveness of learning IELTS and TOEFL thanks to intellectual correction and oral practice.Students
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can study IELTS and TOEFL using the RealSkill online platform, where the system can perform
intellectual assessment, text correction, behavior analysis, intensive lectures, essay writing and study
notes to improve exam preparation (Deloitte, 2019).The American Educational Testing Service(ETS)
has developed and launched the E-rater (Chen, Fife, Bejar, & Rupp, 2016),a tool for automated
assessment of student essays.The e-rater allows you to evaluate the students of the subject structure,
grammar, general vocabulary and other aspects.and other aspects of the essay, which not only increases
the effectiveness of the evaluators' assessments, but also helps students improve their writing skills.ETS
also uses artificial intelligence technology to evaluate spoken English and has developed the SpeechRater
engine to help users excel in evaluating spoken English. (Chen et al., 2018), (Huang et al., 2021).

Virtual Classroom

Advances in virtual reality (VR), augmented reality (AR), hearing and perception technologies
contribute to changing the educational environment. Ubiquitous information technologies are used to
combine physical and virtual space, create virtual classrooms and virtual laboratories (Encalada &
Sequera, 2017; Krumm, 2018).

In virtual classrooms, educational situations that are difficult to explain can be simulated using
virtual technologies, while natural events and changes that are impossible or difficult to observe in real
life can be represented in intelligent classrooms, creating a learning environment adapted to the
conditions of students.By presenting educational content in a multidimensional way and mobilizing
students' visual, auditory, kinesthetic and other senses for engagement, it can give students a keen sense
of reality to help them understand the basic concepts and theories more intuitively and visually, increase
students' interest in learning and improve learning efficiency. Hybrid virtual classrooms are a very
promising opportunity for course flexibility, as students can come to campus or attend classes at home
(Lakhal, Bateman and Bedar, 2017) ((Aripin et al., 2024).), (Huang et al., 2021).

Virtual Simulation Laboratories are virtual recreations of real experimental scenes through 3D
modeling using multimedia, simulation and virtual reality technologies that create a working
environment for the appropriate software and hardware on a computer, help manage all the connections
of traditional experiments or can partially or completely replace them (Wang, Wu, Wang, Chi, &Wang,
2018). By creating highly simulated virtual experimental environments and objects for experimental
manipulation, as well as using advanced somatosensory interactive devices for interaction in virtual
reality, experimenters can perform various experimental projects as if they were conducted in a real
environment (Xu, Ye, Lv, Wu&Gu, 2017). They have no information about damage due to experimental
manipulation errors or skipping classical experiments due to experimental conditions. The experimental
results obtained turned out to be better than those obtained in a real environment.Virtual experiments are
based on a virtual experimental environment (simulation platform) that focuses on the interaction
between experimental manipulation and simulation of experimental results (Liu, Valdiviezo-Diaz,
Riofrio, Sun and Barba, 2015).Biology (Dirberg, Treusch and Wiegand, 2017), physics (Gunawan,
Nisrina, Suranti, Kherayanti and Rahmatia, 2018), chemistry (Herga, Kagran and Dinevski, 2016) and
other subjects (Chong and Koh, 2018) can be conducted in a virtual laboratory.The interactive work of
the Virtual Modeling Laboratory helps to develop students' practical skills. At the same time, the virtual
laboratory equipment allows you to save resources and avoid experimental risks (Orobor & Orobor 2020;
Rocca, Rosa, Sassanelli, Fumagalli and Terzi 2020). However, according to Makransky, Terkildsen and
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Mayer (2019), scientific learning in virtual reality, despite its motivational properties, can lead to
cognitive overload and distraction of students, which can reduce learning outcomes (Huang et al., 2021).
Opportunities for using Al in education.

The introduction of Al into the biology teaching process in secondary schools affects their
academic performance. If the use of Al would not have any positive result in the learning process, then
there would be no point in implementing it. And so, what are the advantages of using Al?

Opportunities for Learners

Traditional teaching sometimes puts students at a disadvantage due to inefficient time spent
searching for information, checking facts, or simply learning concepts that are not presented effectively.
Chatbots such as “GPT Chat powerful big language model developed by open AI” can significantly
reduce learning time by tens or even hundreds of hours with endless access to information (Rahman &
Watanobe, 2023).

Perhaps many people have come across the fact that you spend too much time and effort searching
for information on a certain topic on Google. If you ask a chatbot, create a step—by-step explanation of
this concept in simple words. He will create a step-by-step diagram and explain to you everything you
want to know.

Imagine how much easier learning can be when you use GPT chat to present information in ready-
made diagrams, without wasting time searching for all the information yourself.

GPT chat can be used as a virtual tutor. For example, you can ask the GPT chat to ask questions
about how dopamine works one question at a time. Regardless of whether the answer is correct, it
provides an explanation (Rahman & Watanobe, 2023).

This method is effective because it really challenges you to reproduce the information you have
just learned, thereby strengthening the connections between your brain and new information.

To use this feature, you can try this hint. You're a biology teacher. Create 10 questions with a
choice of answer on the topic of, for example, cellular respiration. There should be one correct answer
and three incorrect ones. Let me answer one question at a time before providing the next question. After
each of my answers, tell me if it is correct and provide an explanation accordingly. You can also add the
query “rate my grade as a percentage”.

As a result, bot gives an explanation of the mistakes that were made, as well as evaluates knowledge and
suggests what else needs to be learned (Rahman & Watanobe, 2023).

Explanation of scientific terms. The GPT chat can provide analogies to better understand any
misunderstandings or questions that students may have. Students can continue to ask any GPT Chat
questions until they have mastered the concept or idea well enough.

Opportunities for Teachers

In addition to explaining a new topic to students, to prepare materials for the lesson, teachers have to
make up tasks and homework on the topics covered, check the answers of each student, give a grade and
sometimes organize extracurricular activities on various topics. Such types of efforts can reduce the
effectiveness of preparing the basic material and reduce the time of teacher-student interaction, which is
an important part of the learning process. Another value of artificial intelligence in education is that it
can reduce the burden on teachers and make them more focused on humanistic care. Below are some
examples of using Al to improve the effectiveness of teaching for teachers (Nasution, N. 2023).
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1) Lesson planning. There are several types of Al such as “chat GPT”, “lesson plans.ai”,
“copilot”, “eduaide.com” to prepare each lesson plan. These Al tools allow you to provide illustrations,
event ideas, and exercises on specific topics that will help teachers better educate their students.
Example using an Al to create a lesson plan (eduaide.com) (Nasution, N,. 2023).

“Unit: Cellular Respiration
Grade Level: Underclass (Students Grade 9-10)
Lesson Duration: 45-52 minutes
Instructional Model: 5E Model (Engage, Explore, Explain, Elaborate, Evaluate)
Lesson Outline:
Engage (5 minutes):
e Begin the lesson by asking students to brainstorm and share what they know about energy and
how our bodies obtain it.
e Show a short video clip or image related to cellular respiration to pique students' interest and
activate prior knowledge.

Explore (10 minutes):
e Divide students into pairs or small groups.
e Provide each group with a set of materials, including a respirometer, test tubes, pipettes, and a
small amount of yeast (used as a cellular model).
e Instruct students to design an experiment to investigate the relationship between temperature and
the rate of cellular respiration in yeast.
e Encourage students to think critically about the variables they need to control and the data they
should collect.
Explain (15 minutes):
e Facilitate a whole-class discussion to share and analyze the results of the experiment.
e Introduce the concept of cellular respiration and its importance in producing energy for cells.
e Explain the different stages of cellular respiration, including glycolysis, the Krebs cycle, and the
electron transport chain.
e Use visual aids and real-life examples to help students understand the processes involved.
Elaborate (10 minutes):
e Assign students a task where they have to create a concept map or a flowchart to depict the
different stages of cellular respiration.
e Encourage students to include key vocabulary, main processes, and the products of each stage.
e Provide additional resources (books, websites, etc.) for students who need more information or
want to explore further.
Evaluate (10-12 minutes):
e Distribute a worksheet or an online quiz to assess students' understanding of cellular respiration.
e The assessment should include questions that require students to apply their knowledge, such as
explaining the differences between aerobic and anaerobic respiration or identifying the main
products of glycolysis.
e Provide feedback and discuss the answers as a class to address any misconceptions.
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Closure (5 minutes):
e Summarize the main points of the lesson, emphasizing the importance of cellular respiration in
providing energy for our bodies.
e Ask students to reflect on what they have learned and how it connects to their prior knowledge
of energy.
e Encourage students to ask any remaining questions or seek clarification on any concepts they find
challenging.

Options for Differentiation:
e Provide additional resources or reading materials for students who need extra support or want to
delve deeper into the topic.
e Adapt the experiment for students with different learning needs, such as providing step-by-step
instructions or modifying the data collection process.
e Offer alternative assessment options, such as a verbal presentation or a hands-on demonstration,
for students who may struggle with written assessments.
Assessment of Learning:
e The worksheet or online quiz provided during the evaluation stage will serve as the assessment
of student learning.
e Additionally, informal assessment can be done throughout the lesson through observation and
class discussion to gauge students' understanding and engagement.”
2) Personalized Learning Support: Teachers can use ChatGPT to provide personalized learning support
for students. ChatGPT can offer customized resources and training activities. For example, teachers can
use ChatGPT to analyze student performance data and identify areas where students have difficulty with
certain concepts or algorithms (Rahman & Watanobe, 2023).

Personalized Learning

for resources, learning activities,

E and assessments
Identify areas where student Monitor progress and adjust
is struggling recommendations as needed

example using chat GPT for personalized learning

( Analyze student performance Provide tailored FECDI'I”II"I'IEI'IUBIIOHS>

3) Task creation. Assignments on the topics covered, home lessons have an important role in the learning
process, since with the help of tasks, students can consolidate the material they have passed, teachers can
observe how much the topic was clear to the students, how much the material was studied enough.
Creating tests, tasks, and other materials is the teacher's responsibility. And sometimes the teacher tends
to make mistakes when creating tests and answer options for them. Al for creating tasks will help teachers
improve the quality of teaching. Some studies have shown that 79% (out of 272 students) of the students
indicated that the questions generated by Al were relevant to the subject of the lesson. 72% of the students
reported that the clarity of the Al-generated questions was acceptable. 73% of the students reported that
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the accuracy of the Al-generated questions was good. Based on the results of the study, 20 of the 21
questions generated by Chat GPT Al were correct and accurate. Al such as quizbot, twee. com, conker,
chat GPT are an example for creating questions, tests for lessons (Nasution, N. 2023).

Fillin the gap Create a matching Create alist of Essential vocabulary on
" exercise word- sentences with your the topic
definition vocabulary

Figure 1. Example of using Al (twee.com) for task generation.

4) Grading and assessment. Evaluating completed work takes a lot of time, effort from teachers and
is also a very monotonous job. Some Al such as “Gradescope” saves many teachers' time and improves
work efficiency. Grade scope is an artificial intelligence-based grading tool that has been gaining
popularity among teachers lately. It is designed to make the assessment of papers, assignments and exams
more efficient and easier. The best part is that Gradescope is able to support grading across a wide range
of subjects and levels in the natural sciences and humanities. Gradescope has a built-in plagiarism check
feature that helps teachers identify unoriginal work without leaving the platform. In addition, Grade
scope provides detailed analytics that allows teachers to identify areas for improvement. Grade scope
helps you easily manage all your grades, whether online or in class. Save time on grading and get a clear
picture of how your students are doing (ClassPoint, 2024).

Challenges of using Al in education.

Every novelty that has entered our lives has a number of drawbacks and negative sides. As
mentioned above, the introduction of artificial intelligence into the educational process has a rather
positive effect, since Al in education increases the effectiveness of teachers' work, helps students study
the material at a sufficient level, reduces time for monotonous tasks of teachers, etc. However, despite
what Al is capable of, a person using it may face difficulties, threats and have difficulties with Al. Next,
let's look at the difficulties and negative aspects of implementing Al in education.

Ensuring inclusiveness and equality in the use of artificial intelligence in education.

As mentioned above, Al can provide many opportunities in the learning process. However, it can
lead to a deepening of existing inequality and division, as the population who are disadvantaged will be
excluded from Al-based education.

The result is a new kind of digital divide: the gap in the use of data-based knowledge to justify
smart decision-making (Hilbert, 2015).

Equality and inclusivity are core values in the development of artificial intelligence policy in
education. Thus, policy makers should ask several guestions about implementation and equity when
developing their policies. For example, what infrastructural conditions are relevant in developing
countries to make possible the use of artificial intelligence in education? What have we learned from
previous experience to create sustainable and fair conditions for the realization of digital rights in terms
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of Internet access? How can artificial intelligence improve the effectiveness of education provided to
disadvantaged groups? How can digital education and artificial intelligence develop much faster in
developing countries to reduce the educational gap between the world's rich and poor students? What are
the best practices in artificial intelligence for women and girls to reduce gender inequality
(UNESCO,2019)?

Recent research has identified obstacles to the introduction of artificial intelligence into education
in developing countries. The main ones include 1) availability of ICT hardware, 2) availability of
electricity, 3) Reliability of the Internet, 4-) Cost of data transmission, 5) Basic ICT skills of students, 6)
Language and 7) Lack of culturally appropriate content (NYE, 2015). Further reviews of the
implementation of big data in developing countries show that the lack of basic infrastructure creates a
new digital challenge in using data-based knowledge to make informed intelligent decisions (Hilbert,
2015). To eliminate these obstacles, many strategies need to be developed. It is important to start by
defining the Internet as a human right and building numerous international alliances to build
infrastructure in the poorest sectors of the developing world (Mutoni, 2017) (UNESCO,2019).

The work carried out by the United Nations Broadband Commission is one clear example of this.

The complexity of evaluating responses and texts generated by a chatbot: Like LLM with
artificial intelligence, chatbots such as ChatGPT use complex algorithms and statistical models to
produce responses and text based on templates extracted from large amounts of text data. The answers
and texts generated by Chat GPT become the same as the answer and text that the person generated. This
creates a problem for teachers and researchers. It is becoming increasingly difficult for existing
plagiarism detection tools to distinguish between texts created by artificial intelligence and humans. As
a result, restrictions were imposed on the use of Chat GPT in educational institutions. Cotton et al.
introduced several text recognition strategies from LLMS such as Chat GPT, including language
inconsistencies, lack of proper citations, factual errors, ambiguity, and poor understanding of context.
Further research is needed to develop new technologies (for example, plagiarism detectors based on

artificial intelligence) to ensure the integrity of education and scientific research (Rahman &
Watanobe, 2023).

Ethical aspects and possible biases: It is necessary to carefully analyze the ethical consequences
and biases associated with the use of Chat GPT in education and research. In most cases, LLMs are
highly dependent on training data, and if this data contains bias or anomalies, it can lead to unfair results.
For example, if the training data contains bias against certain groups of people or cultures, the model
may generate unfair or discriminatory conclusions. Therefore, it is essential to ensure the diversity and
balance of training data. Systems such as ChatGPT and other artificial intelligence language models can
be used to create false news, incite hatred and other malicious content. This can lead to social upheaval,
reputation damage, and even physical harm. In addition, internal mechanisms and processes are not
transparent enough for users regarding their functioning. It is also important to ensure that the decision-
making processes in these models are transparent to users. Since ChatGPT automatically generates
responses without human intervention, it is difficult to determine responsibility for the created content.
This makes it more difficult to address ethical issues and bias issues. Generative models such as ChatGPT
may require the collection and processing of personal data, which raises concerns about the
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confidentiality and security of information. Appropriate measures must be taken to protect personal data
from unauthorized access (Rahman & Watanobe, 2023).

Critical thinking and problem solving skills: Simply getting answers from ChatGPT can be an
obstacle to developing students' critical thinking and problem-solving skills. Since the Chat GPT can
provide almost accurate answers to technical questions from a wide range of topics and correct or
partially correct program code based on descriptions of problems, algorithms and task names, etc. As far
as we know, there are no such tools that can recognize the code generated by artificial intelligence
models, and thus the decision codes generated by artificial intelligence models can be used for academic
programming exams and competitions. This poses the problem for educators of how to deal with this
new situation (Rahman & Watanobe, 2023), (Huang et al., 2021).

However, there are strategies for determining whether ChatGPT responses and program codes
are created. It is important to pay attention to the following features: ChatGPT responses usually do not
contain personalization and are general in nature. In addition, program code usually includes syntax and
formatting. Consistency checking is also important: ChatGPT responses may lack consistency or logical
construction, especially in the case of complex queries. If the answers seem incoherent or meaningless,
it may indicate that they were created by ChatGPT or another artificial intelligence model. By comparing
the answers created by ChatGPT with the answers created by other language models or real people, we
can determine their origin. If the response matches the responses generated by ChatGPT, this may
indicate its automatic origin. Using Plagiarism Detection tools: We can also use plagiarism detection
tools to determine if the response contains program code copied from somewhere else. This can help
identify cases of fraud. In addition, if fraud with program codes is possible, we can ask additional
questions to determine the depth of students' understanding of the answer to the question (Huang et al.,
2021), (Rahman & Watanobe, 2023).

Methodology

Collecting data

The methodology to collect data in this research work is based on quantitative and qualitative
research methods. First, as a quantitative research method, there was a survey questionnaire for students
to collect information about their familiarness with Al tools and their expectations from this research as
participants:
Questionnaire

1. Your gender? Female or Male

2. Your age? 12-13; 14-15; 16-17; 18

3. Your grade? 7,8,9,10,11

4. Your school? Alkiz, BIL, SDL, Kursant, Dostyk

5. How familiar are you with the concept of Artificial intelligence (Al)? Very familiar; Somewhat
familiar; Not familiar

6. Do you know the difference between Al powered tools and traditional applications? Yes; No

7. Do you use Al powered tools or applications as part of your educational activities? Yes,
frequently; Yes, occasionally; No, never

8. If you have used any Al tool, what kind of Al tool was it? ChatGPT; Grammarly; Quizlet; Kahoot;
Educaplay; Blooket; Quizizz; Photomath; Canva; Tome.app
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9. For what purpose did you use an Al tool? To create a presentation; To write an essay; To create
questions; To generate pictures; Not for learning
10. Do you want to use Al in your studying process? Yes, Maybe, No
11. Atwhat exact stage of the learning process would you like Al to help you? To do homework; To
solve mathematical problems; To explain topic with simple language
12. Are you concerned about potential drawbacks associated with the integration of Al in education,
such as privacy issues or biased algorithms? Very concerned; Somewhat concerned; Not
concerned at all
13. What are the potential drawbacks or risks associated with the integration of Al in education in
your opinion? (Open question)
As a qualitative research method, interviews were taken from teachers, also about familiarness and
usage, if it is used what kind of Ai powered tools exactly they have used till that day:
Interview
1-How familiar are you with the concept of Al in the context of education?
2-Have you actively used any Al tools or applications in your biology lesson? If yes, please
provide examples.
2a- In what purposes did/do you use Al tools?
3-What challenges and opportunities do you see in incorporating Al into biology teaching?
4-Have you observed any changes in student engagement or interest in biology as a result of
incorporating Al into your lessons?
5-Inyour opinion, how important is Al in enhancing the learning experience for biology students?
6-Are there any concerns or preservations you have about the use of Al in biology education,
such as ethical considerations or potential drawbacks?
7-To what extent do you see Al being integrated into biology education in the future?
Methods
The general starting point was a test that was taken to determine the average current score in order
to compare the starting and final result at the end after the experiment. Most valuable criteria of chosen
tools were reliability of tools in explaining the content. Mostly it was a quiz creating strategies by using
Al powered tools. For example: using game apps/sites such as joyteka, blooket, kahoot etc to create
entertaining quizzes but integrating only Al ChatGPT generated questions or using separate apps that
create quizzes and questions by itself using a certain Al tool such as educaplay.

Method 1

Experiment: 8A and 8b. They were given different tasks to accomplish

Observant: 8C. Was taught using traditional methods.

Topic was Reproduction.

Pre-test is a mini quiz that they wrote after passing the topics taught in traditional ways.

Methods: mainly for assessment and during the lesson.

1-Creating anki-flashcards using Al to repeat the past topic. [homework]

2-Using ChatGPT as a search engine during the lesson activity:

Students write the questions they got during the lesson (passing new topic) on 3 question papers (each
for each row). Then collect the papers and we together search for the answers using ChatGPT. Then
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each student is asked with the questions he wrote and he had to answer using the gained knowledge.
[classwork]

3-Generating questions for kahoot and educaplay using Al. [classwork]

4-Generating images using Al (Kandinskiy telegram bot). At first students were given to write an essay
on "What will the world without mitosis look like?". The next lesson they were asked to generate an
image of what it would look like without mitosis. [Homework]

5-Voicing the video using Al. Students were given to write a song on "Ear structure™ using Al or voice
videos from youtube. Some students voiced the song-video about ear structure with the voices of famous
people using Al.

Method 2

10 “B” grade

15 students, the topic was cell, cell structure.

1. Pre test to check their previous knowledge. Introducing students with different types of Al

2. Students write any questions about topic on paper, then we ask this question from chat gpt

3. Divide them into 4 groups by 3-4 students, and for homework give them task to prepare presentations
for given topic. Students use Chat GPT as a source of information, tome and Gemini to make a
presentation, Copilot to generate pictures. Then they defend it to other students.

5. By using Chat GPT I generate games related to our topic. They play this game in groups. Post test to
compare with pre tests

Method 3

9 “A” grade

20 students, Introduction to Genetics Chapter.

1. Taking a pre test by summative assessment 1.

2. Explaining the base of a topic.

3. Using a ChatGPT to create mini questions about topic 3-5 differently created but related
questions every lesson.

4. Every week one hour of a formative assessment as an Al generated quiz about past two topics,
approximately 20-30 questions using bloom taxonomy method (when there are used all levels of
reaching the topic: remembering understanding, applying, analyzing, evaluating and creating).
That continued probably 1-% months.

5. Taking the post test as a summative assessment 2.

Ethical considerations

Through a process of this research ethical considerations were included. First off, all marks are
not personally identifiable information, all grades are named with a letter randomly. We used all data
privacy to prevent potential biases and measures were taken to anonymize and secure all data.
In summary, the methods of this study are all based on making questionnaires or answering questions by
ChatGPT Al powered tools. And for collecting data there were quantitative and qualitative methods of
research.

Analysis and findings
This part presents the analysis of gathered data and the findings on using Al in biology lessons.
Survey results
At the beginning of the experiment we conducted a survey among students from 5 different schools.
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121 students participated in the survey.

Grade 7 8 9 10 11
Students 8 35 17 15 46
number

Table 1. Results from the survey to question: Your grade?

To the question: “How familiar are you with the concept of Artificial intelligence (AI)?” the majority
(71%) of respondents answered that they are “Somewhat familiar” with Al. 20, 7% of them answered
“Very Familiar”, 8,3% of students answered ‘“Not Familiar” with Al. To the question: Do you know the
difference between Al powered tools and traditional apllications? 52,1 % of the respondents answered
“Yes”, 47,9% answered “No”. According to results, 70,2% of respondents use Al tools or applications
“Occasionally” as part of their educational activities. Only 13,2% use “Frequently” and 16,5% of the
respondents “Never” use Al tools or applications in their educational activities.

The most often used Al tools by respondents are Kahoot (80,7%), Quizizz (81%), ChatGPT
(54,5%), Quizlet (47,1%), Photomath(45,5%), Canva(40,5%).
51,2% of respondents use Al tools to create a presentation, 31,4% to write an essay, 38,8% to create
questions, 7,4% to generate pictures, 18,2% use Al tools not for study. To the question: Do you want to
use Al in your studying process? 52,1% answered “Maybe”, 38,8% answered “Yes”, 9,1% answered
“No”
Pre- and post-test results
This part provides information on the Pre test, which was conducted at the beginning of the experiment
and the Post test, which was conducted at the end of the experiment.

Dostyq school Kursant school Almaty High School Syleyman Demirel
for Girls Lyceum

Pre test Post test Pre test Post test Pre test Post test Pre test Post test

65,8% 62,12% 68% 68,75% 63,65% 72,5% 52,55% 69,25%

Table 2: Pre and post tests of students

The Data from Figure _ shows varying degrees of improvement in post-test scores across the
4 different schools. The experiment at “Dostyq school” was carried out among 11 grade students, at
“Kursant school” among 10 grade students, at “Almaty High School for Girls” among 9 grade students
and at “Suleyman Demirel Lyceum” among 8 grade students.

Students from “Almaty High School for Girls” and “Suleyman Demirel Lyceum” exhibited a
notable increase in their post test scores compared to their pre test scores. “Kursant school” shows
minimal change in post test scores compared pre test scores. “Dostyq school” experienced decreases in
post test scores compared to pre test scores.

Interview
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The interview was conducted with biology teacher of “Dostyq school” (Biology teacher 1) and
with biology teacher of “Suleyman Demirel Lyceum”(Biology teacher 2).

To question: How familiar are you with the concept of Artificial Intelligence (Al) in the context
of education? Biology teacher 1 answered that he is not familiar with Al in the context of education.
Biology teacher 2 answered that she is familiar with Al.

To question: Have you actively used any Al tools or applications in your biology lessons? If yes,
please provide examples. Biol answered that he uses Al very rarely in educational process, rarely uses
the ChatGPT to look for answers to questions that he did not find, and uses “Monica” to generate pictures.
Biology teacher 2 uses Al for generating lesson plans and modeling of her lessons, mostly using Chat
GPT.

About the importance of using Al in the educational process, Biology teacher 1 answered that Al
Should only assist students in the learning process, students can use Al to find out information and maybe
generate pictures. Biology teacher 2 answers that Al can help students to achieve some learning goals.
They can use Al in virtual labs, classification, provide scientific research and Al can help to find
information easily.

To question: What challenges and opportunities do you see in incorporating Al into biology
education?

Biology teacher 2 answered that students can face challenges in communication and socialization.
Biology teacher 1 thinks that students can stop looking for information on their own from other sources
like books.

Discussion

The aim of the paper was to analyze the effectiveness of Artificial Intelligence in improving
secondary school students’ academic performance in biology lessons using qualitative and quantitative
methods. The results clearly showed that artificial intelligence minorly contributed to the enhancement
of students’ academic performance.

This section discusses and interprets the obtained results, as well as compares them to the already
mentioned researches in the literature review.

5.1-The methods of Al usage for enhancement of students’ academic performance
The results of the pre- and post-test examinations showed that using Al for assessment and homework
completion were the best ways to improve the academic performance of the students. Increase of 8% and
16% of the students’ performance in the test identifies that the methods they used to acquire the topic
was effective. They were taught mostly by using chat bots such as ChatGPT. Students had to find the
answers to their numerous questions using the chat bot. Furthermore, homeworks that students mostly
avoid to do was given in a more creative and funny way using Al. For example, create flashcards using
Al instead of just reading the topic; voicing the video related to the topic with the voices of famous
people; generating images on the questions that make you think, such as “What world would look like
without mitosis?”. These methods not only engaged students but also made their study different and
attractive.

Another aspect that was modified by using Al was assessment. Quizzes for formative and
summative assessments were done by the help of artificial intelligence tools. This process definitely
made teachers’ work easier. Teachers that do not spend their time on creating and checking the quizzes,
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can spend it on preparation of effective activities for the class. Such a teacher can make more students
learn as he or she will spend the energy in that way.
5.2-Effectiveness of using Al to improve students academic performance

Students from 4 different schools showed different outcomes. Overall, two of the schools
participating in the experiment showed a significant increase in the lesson achievements. This can be due
to the different factors. One of them is that schools of “Bilim-Innovation” are known to use modern
techniques and methods in teaching to develop 21st century skills of students. Therefore, using Al during
the lessons, such as ChatGPT, showed a significant effect on students. The other two schools are focused
on preparing students for the UNT (Unified National Test). Using Al in these schools didn’t show much
effectiveness. This pattern can be seen because of the different methods of teaching and objectives of the
lessons that teachers have. Students in such schools are mainly focused on learning the theory by heart
and not to develop modern skills or understanding of the new technologies. Adapting Al tools for
teaching was complicated.
5.3-According to the interview with teachers it can be stated that most schools are familiar with using Al
in their lessons. However,

The use of artificial intelligence (Al) in education in Kazakhstan, particularly in subjects like
biology, is continually developing. The country is making notable progress in digital transformation
within education, with initiatives such as "Digital Kazakhstan" aimed at improving quality of life through
digital technologies, including Al. Moreover, Kazakhstan's Ministry of Education and Science has
teamed up with Microsoft to further advance the digital revolution in education. This partnership strives
to enhance digital skills and abilities among educators and learners, and to seamlessly integrate digital
tools across all levels of the education system, from elementary schools to universities (CEE Multi-
Country News Center, 2020). While these are huge efforts by the government, it is still not used and
available for the entire Kazakhstan educational community.

Conclusion

The incorporation of Al in biology education has proven to be successful in boosting student
involvement and academic achievement. This is accomplished by offering customized learning
experiences, adaptable learning settings, and the utilization of Al tools for evaluation and material
delivery. The research underscores a number of significant discoveries:

e Improved Academic Results: Al tools have played a significant role in offering tailored and
adaptable learning experiences, which meet the unique requirements of students. This
individualization has demonstrated potential in enhancing comprehension and recall of biological
concepts.

e Enhanced Student Involvement: The implementation of interactive Al technologies, like virtual
labs and simulations, has made learning more captivating.

e Improving Teaching Efficiency: Al technology has helped to automate mundane tasks like
grading and assessment, giving teachers more time to focus on teaching and engaging with
students. This transition has the potential to enhance the overall education experience.

e In addition to the positive results, the study also highlights challenges that must be addressed.
These include the necessity for substantial infrastructure improvements, training for educators,
and modifying curricula to incorporate Al successfully. Ethical concerns, such as data privacy
and potential biases in Al algorithms, also require thorough consideration.
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10.

11.

12.

13.

14.

In the future, integrating Al into education will need strong policy support, ongoing technological
advancements, and collaboration among educators, technologists, and policymakers.
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INVESTIGATING METHODS FOR DEVELOPMENT OF STEM
CHEMISTRY TEACHER CAREERS

Abstract. This literature review investigates methods utilized in enhancing the skills and
knowledge of educators in the fields of science, technology, engineering, and mathematics (STEM).
Through a systematic analysis of relevant articles, this study aims to identify innovative methods and
effective practices implemented in STEM teacher development programs. The review underscores the
need for further research to empirically investigate the efficacy of different approaches and inform the
development of impactful professional development initiatives for STEM educators. By exploring new
avenues and leveraging evidence-based practices, this study aims to contribute to the advancement of
STEM education and the cultivation of a skilled workforce for the future.

Keywords: STEM education, STEM Chemistry teacher, Career development.

Introduction

In the ever-evolving field of education Science, Technology, Engineering, and Mathematics
(STEM) have emerged as cornerstones of academic and professional development. STEM education is
an approach that integrates these disciplines, improves critical thinking, problem-solving skills, and
technological literacy. Its significance lies not only in preparing individuals for specialized careers but
also in cultivating a broader set of skills essential for navigating the challenges of the modern world. The
objective of this study is to identify prevalent methods utilized in the development of STEM teachers.

Literature review

In numerous countries, the inclination towards selecting a STEM career, particularly in fields like
chemistry, is diminishing. Certain studies indicate a decline in the choice of chemistry as a major and
profession from high school to higher education. Interestingly, women tend to opt for chemistry more
frequently than men at both high school and university levels, while minorities exhibit a greater
preference for chemistry in high school but a reduced interest in higher education compared to non-
minorities (Avargil, S., Kohen, Z., & Dori, Y. J, 2020). High school serves as a critical period for
developing or shaping students' interests and career aspirations, particularly in STEM fields. Effective
STEM education in high school emphasizes the relevance of STEM concepts to students' lives and future
careers. By showcasing how STEM knowledge and skills are applied in various fields, educators can
help students understand the practical significance of these subjects, making them more inclined to
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pursue further studies in STEM. Science teachers play a pivotal role in shaping students' academic
performance and their decisions to major in STEM fields. Supportive environments, encompassing
emotional backing and career guidance, have a constructive relationship with students' expectations for
their career outcomes and their belief in their own capabilities. For instance, exposure to science from an
early age can shape students' interest in pursuing STEM careers, bolstering their confidence in their
abilities and their aspirations for future success.

The significance of fostering individuals' development within the field of chemistry, as well as
in STEM disciplines more broadly, is profoundly rooted in the foundation laid during their school
education. Research consistently reveals that many professionals in chemistry-related fields attribute
their career choice to the captivating experiences they had during their chemistry education at school.
These formative educational experiences not only cultivate a fascination for the subject matter but also
instill essential skills, knowledge, and a passion for scientific inquiry. Thus, investing in high-quality
chemistry education at the school level not only nurtures future scientists and professionals but also
serves as a crucial catalyst for innovation and advancement within the broader realm of chemistry and
STEM disciplines. Career knowledge entails understanding a specific STEM occupation, such as
chemistry, including its prerequisites and anticipated responsibilities. While crucial, STEM career
knowledge has not received extensive examination, yet it warrants increased attention. The depth of one's
familiarity with STEM careers significantly impacts their inclination towards pursuing a career in STEM
fields. In essence, the greater one's awareness of STEM career options, the more likely they are to
consider them as viable career paths. Lacking sufficient prior knowledge, students may overlook the
possibility of pursuing a career in STEM (Shwartz, G., Shav-Artza, O., & Dori, Y. J, 2021).

Teacher training programs in STEM education commonly employ several methodological
strategies, including project-based learning, problem-based learning, collaborative learning, ODR
approach (observation/discussion/reflection), and design-based learning. Among these strategies, design-
based learning emerges as particularly suitable for disciplinary integration. Additionally, two critical
competencies emphasized in STEM education teacher training programs are design thinking and
computational thinking. These competencies are considered transversal, indicating their relevance across
various aspects of the educational process Rodriguez, C. M. A., Gonzélez-Reyes, R. A., Ballen, A. B.,
Merchan, M. A. M., & Barrera, E. A. L. (2024).

The purpose of this study is to discern and identify various activities or methodologies
aimed at fostering the growth and advancement of chemistry teachers™ development.

Research question is what specific methods are utilized within development programs
aimed at enhancing the skills and knowledge of chemistry teachers?

Methodology
During the review stage, the research utilized Web of Science (WoS) and Scopus, as well as
Google Scholar databases employing the search term ([STEM AND development] and [STEM AND
Trainings]). These databases were chosen for their reputation in publishing the latest and most relevant
literature in the field, as well as their coverage of key journals in science education. The most suitable
articles were selected from the filtered results.
Sampling
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To achieve the goal, we reviewed 10 scientific works, including scientific journals, articles, and
methodological books.

Article name Description
(author, year of
publication)
Diep N.H., Hoai
V.T.T., Son P.N., Enhancing the ability to design and orchestrate STEM educational
Nga P.T., Thuy initiatives for natural science educators.
H.T.P., Duc N.M,
2023
Shwartz, G., Selecting Chemistry Across Various Educational and Career Phases:
Shav-Artza, O., & Chemists, Chemical Engineers, and Educators
Dori, Y. J, 2021
Avargil, S., Factors Influencing STEM Bachelor's Degree Attainment and Career
Kohen, Z., & Choices: Insights from Sector, Gender, Income, and High School
Dori, Y. J, 2020

Majoring

Rodriguez-Martin,
M., Vergara, D.,
& Rodriguez-
Gonzélvez, P.,
2020

Assessing the Efficacy of STEM Teacher Training Programs: An
Experimental Study

Rodriguez, C. M.
A., Gonzalez-
Reyes, R. A,,
Ballen, A. B.,

Merchan, M. A.

M., & Barrera, E.
A. L., 2024

Additional contribution to the previous literatures of training of STEM
teachers

Rahman, N. A.,
Rosli, R.,
Rambely, A. S.,
Siregar, N. C.,

Effectiveness of STEM hands-on practical activity during professional
development.
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Capraro, M. M.,
& Capraro, R. M.,
2022

Huang, B., Siu- Exploring Professional Development Approaches of STEM Teachers
Yung Jong, M.,
Tu, Y.-F., Hwang,
G.-J., Chai, C. S.,
& Yi-Chao Jiang,
M., 2022

Debes, G., 2018 Highlighting the significance of STEM seminars for teachers within a
developing country

Data collection

| conducted a comprehensive review of STEM teacher development articles from reputable
international journals using databases like Scopus and Web of Science. Utilize relevant keywords to
identify articles focusing on teacher training methods. Systematically searched databases, screen
retrieved articles, reviewed full texts, synthesized findings, assessed quality, and documented key
insights for analysis.

Data analysis

The analysis focused on 8 articles pertaining to methods for STEM teacher development. These
articles were categorized into four distinct methods: training, bachelor/master degree programs,
practical work/hands-on activities, and seminars.

While the analysis provides valuable insights into the methods employed in STEM teacher

development, the limited number of articles and potential selection bias are acknowledged as limitations.
Further research is warranted to validate the effectiveness of these methods across diverse educational
settings.

Result

Article (Author, Method/Activity Frequency Percentage
Year) name

Diep N.H., Hoai Training 3 37.5%
V.T.T.,Son P.N.,
Nga P.T., Thuy
H.T.P., Duc N.M.,
2023.
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Manuel R, Diego
V, Pablo R, 2020

Rodriguez, C. M.
A., Gonzalez-
Reyes, R. A,
Ballen, A. B.,

Merchan, M. A. M.,
& Barrera, E. A. L.

(2024)
Graduation with a 2 25 %
Shwartz, G., Sha\_/- STEM bachelor's/
Artza, O., & Dori, master’s degree
Y. J, 2021
Avargil, S., Kohen,
Z., &Dori, Y.,
2020
Debes, G., 2018 Seminar 1 125 %
Rahman, N. A, Practical work 2 25 %
Rosli, R., Rambely,
A. S., Siregar, N.

C., Capraro, M. M.,
& Capraro, R. M.
(2022)

Huang, B., Siu-
Yung Jong, M., Tu,
Y.-F., Hwang, G.-J.,

Chai, C. S., & Yi-

Chao Jiang, M.

(2022)

Based on the analysis, training emerges as the most prevalent method for STEM teacher
development, constituting 37.5% of the articles reviewed. This suggests that training programs for STEM
teachers are not only effective but also more commonly utilized in the literature. Conversely, seminars
for teachers, such as summer institute programs or short-term seminars, are less explored, with a lower
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percentage of inclusion in the reviewed articles. This indicates that such seminar-based approaches may
be less common or rare in the development of STEM chemistry teachers.

Conclusion

This analysis underscores the limited exploration and research surrounding the topic of STEM
teacher development. The scarcity of literature suggests an unmet need for further investigation to expand
the landscape of professional growth opportunities for STEM educators. By delving deeper into this area,
future research can uncover innovative strategies and effective practices to enrich the training and support
provided to STEM teachers. This will not only enhance the quality of STEM education but also contribute
to the cultivation of a more robust and competent workforce in the fields of science, technology,
engineering, and mathematics.
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REVIEW ON TEACHER KNOWLEDGE OF CHEMISTRY TEACHERS

Abstract. This research investigates the different aspects of chemistry teacher knowledge. These
aspects include subject matter knowledge, pedagogical content knowledge, technological knowledge,
assessment knowledge, classroom management knowledge, interpersonal knowledge, and reflective
knowledge.

The study found that all of these aspects of knowledge are important for effective chemistry
teaching. Teachers who have a deep understanding of chemistry content and pedagogy are more likely
to be able to create engaging and effective lesson plans. They are also more likely to be able to use
technology effectively to enhance teaching and learning.

Introduction

In recent years, there has been a growing recognition of the critical importance of providing
students with a robust education in science, technology, engineering, and mathematics (STEM). This
acknowledgment arises from the realization that proficient expertise in these fields is essential for
maintaining competitiveness in the global economy and addressing contemporary challenges such as
sustainable resource management and technological advancement. Central to this educational imperative
is the notion of STEM literacy, which goes beyond mere familiarity with subject matter to encompass a
deep understanding of foundational principles and their real-world applications. Scholars and educators
alike emphasize the need for students to grasp not only the core concepts within individual STEM
disciplines but also their interconnectedness and relevance to everyday life. To achieve these goals,
educators are increasingly turning to integrated STEM curricula, which offer students interdisciplinary
learning experiences that foster critical thinking, problem-solving skills, and creativity. By breaking
down traditional silos between subjects, integrated STEM approaches aim to provide students with a
more holistic understanding of complex phenomena and better prepare them for the demands of a rapidly
evolving technological landscape. Within this broader framework of STEM education, the role of
chemistry teachers is particularly significant. As experts in their field, these educators are tasked with
instilling in students a deep appreciation for the principles of chemistry and equipping them with the
knowledge and skills needed to excel in this discipline. Understanding the various dimensions of
Chemistry Teacher Knowledge is therefore essential for ensuring effective instruction and cultivating a
new generation of scientifically literate individuals.

Literature review

Teaching chemistry requires a multifaceted knowledge base that includes content understanding,
teaching skills, and practical experience. This article explores various aspects of chemistry teachers'
knowledge and their implications for effective teaching.
Content knowledge refers to the teacher's deep understanding of the concepts and theories of chemistry
that he is teaching. This allows them to explain concepts clearly, address student misconceptions, and
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connect different topics coherently. Research shows that teachers with strong content knowledge
demonstrate greater confidence in teaching and deliver more engaging lessons.

Pedagogical content knowledge includes an understanding of how to teach chemistry effectively.
It includes knowledge about student learning, teaching strategies, and assessment methods. Teachers
with deep knowledge of pedagogical content can make informed decisions about sequencing and
connecting content, differentiate instruction, and use effective questioning techniques. This knowledge
helps them create meaningful learning experiences that meet the diverse needs of students.

Practical knowledge includes the practical skills and experience needed to teach chemistry
experiments safely and effectively. It includes knowledge of laboratory equipment, safety procedures,
and troubleshooting techniques. Teachers with practical knowledge can confidently lead practical lessons
to promote student engagement and understanding. They can also tailor experiments to
Given the importance of chemistry teachers' knowledge, it is important to explore strategies to improve
it. This paper discusses professional development programs, teacher education institutions, and school-
based initiatives that can assist teachers in developing a comprehensive understanding of chemistry and
effective teaching practices.

Professional development programs provide teachers with the opportunity to deepen their content

knowledge, improve their teaching skills, and gain practical experience. These programs may include
workshops, conferences, online courses, and mentoring programs. Effective professional development
programs are tailored to teachers' specific needs and provide ongoing support.
Teacher training institutions play a critical role in equipping future teachers with the necessary
knowledge and skills. They should emphasize pedagogical content knowledge and practical skills in their
curriculum. Teacher candidates should have ample opportunities to practice, conduct research, and
collaborate with experienced teachers.

Schools can also contribute to improving the knowledge of chemistry teachers through initiatives
such as peer observation, lesson study groups, and collaborative planning. Peer observations allow
teachers to learn from each other's experiences and provide constructive feedback. In lesson study groups,
teachers work together to develop and refine effective lesson plans. Collaborative planning promotes
knowledge sharing and ensures that teachers are aligned in their instructional goals.

Purpose of the research:

The purpose of the research paper is to examine the Pedagogical Content Knowledge (PCK) of
chemistry teachers. It aims to assess the current level of PCK among educators, identify factors
influencing its development, and explore its implications on teaching practices and student learning
outcomes. Additionally, the paper seeks to provide insights and recommendations for enhancing
chemistry education by improving the pedagogical skills and knowledge of chemistry teachers.

Research questions:
1. What is the current level of Pedagogical Content Knowledge (PCK) among chemistry teachers?
2. What factors contribute to the development and acquisition of PCK among chemistry educators?
3. How does PCK influence the instructional practices of chemistry teachers in the classroom?
4. What are the effects of chemistry teachers' PCK on student engagement and learning outcomes?

Methodology
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The methodology for reviewing the aspects of chemistry teacher knowledge began with a
thorough literature search across various databases using specific keywords and search queries. Articles
were screened based on predetermined inclusion criteria, including relevance and publication quality.
Data extraction involved identifying variables of interest and developing structured forms for data
collection from selected studies. The quality of each study was assessed based on established criteria,
paying particular attention to research methodology and potential biases. Synthesis of results included
organizing extracted data to identify patterns, trends, and gaps in the literature, utilizing methods such as
thematic analysis and narrative synthesis. Critical appraisal was conducted to reflect on the strengths and
weaknesses of the review and discuss any inconsistencies or contradictions in the findings.
Methodological limitations, such as selective publication bias and language restrictions, were identified
and addressed to ensure the integrity of the review process. The conclusion summarized the methodology
used and reflected on its effectiveness in achieving the review objectives, providing insights for future
research in the field. Finally, all references mentioned in the methodology section were listed to ensure
transparency and scholarly integrity.

Sampling:

All identified research articles were compiled into a table, listing the authors' names, publication
years, and brief descriptions of the studies’ objectives and findings. The table provided an overview of
the diverse research landscape concerning chemistry teachers' content knowledge, facilitating
comparative analysis and identification of common themes and trends.

Article name (author, year of publication) Description

Benjamin Sandlin, Jordan Harshman, and This study investigates the alignment between
Ellen Yezierski (2011) high school chemistry teachers’ formative

assessment goals and the items they use to
assess student learning.

Marina Miyuko Akutagawa Tacoshi, Carmen This article investigates the importance of

Fernandez (2014) knowledge of assessment in the pedagogical
content knowledge (PCK) of chemistry
teachers.
A S Shidig , A Permanasari, Hernani, and S This article explores the challenges and
Hendayana (2020) opportunities that chemistry teachers faced in

creating innovative lab-work activities during
the COVID-19 outbreak

Laura Teinholt Finne, Bente Gammelgaard, | This article investigates students’ perceptions
and Frederik Voetmann Christiansen (2022) | of laboratory teaching for quality learning in
the absence of traditional laboratory work

Paz B. Reyes, Rebecca C. Nueva Espafia, This article proposes a model for teaching and
Rene R. Belecina (2014) learning in chemistry laboratory instruction
based on best practices

Betiil Demirddgen, Deborah L. Hanuscin, This case study investigates the early
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Esen Uzuntiryaki-Kondakci , Fitnat Kdseoglu
(2015)

development of preservice chemistry teachers'
pedagogical content knowledge (PCK) for
teaching the nature of science (NOS) through
a two-semester intervention.

Bo Chen, Bing Wei (2015)

This article investigates how chemistry
teachers’ pedagogical content knowledge
(PCK) influences their use of curriculum

materials.

Onno De Jong, Jan H. Van Driel, Nico
Verloop (2001)

This article presents the results of a study on
the study of pedagogical content knowledge
(PCK) of future chemistry teachers in the
framework of a postgraduate teacher
education program.

Daphna Mandler, Rachel Mamlok-Naaman,
Ron Blonder, Malka Yayon and Avi Hofstein
(2012)

This article argues for the use of
environmentally oriented curricula in high-
school chemistry teaching.

Fer Coenders, Cees Terlouw, Sanne Dijkstra,
Jules Pieters (2010)

This article presents a case study of the effects
of'a chemistry curriculum reform on teachers’
professional growth.

Oluwatosin Victor Ajayi (2017)

This article investigates the relationship
between teachers’ content knowledge,
qualifications, experience, and students’
achievement in chemistry, finding that all
three factors are positively correlated with
student achievement.

Marissa Rollnick, Judith Bennett, Mariam
Rhemtula, Nadine Dharsey and Thandi
Ndlovu (2008)

This article investigates the relationship
between subject matter knowledge (SMK) and
pedagogical content knowledge (PCK) in the
teaching of chemistry.

The data collection process involved systematically gathering information from selected
research articles identified through the literature search. Relevant data, including authors' names,
publication years, study objectives, and key findings, were extracted and compiled into a structured
database. Articles meeting predetermined inclusion criteria were meticulously reviewed to ensure
accuracy and comprehensiveness of the collected data. Special attention was paid to identifying patterns,
trends, and common themes across the selected studies. The data collection phase adhered to rigorous
protocols to maintain the integrity and reliability of the gathered information.

In the data analysis section, various methods were employed, starting with a descriptive analysis of the
main characteristics and data distribution. Following this, a comparative analysis was conducted to
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identify common themes and differences among the selected articles. Thematic analysis and visual
representation of data were utilized to uncover key themes and relationships. Interpretation of the
results allowed for the identification of major findings and recommendations for further research in the

field.

Result
In the results section, the findings from the data analysis were presented and discussed in detail.

The section began with a summary of the characteristics of the selected articles, including publication
years, authors, and research objectives. Key themes and patterns identified through the analysis were
then outlined, highlighting commonalities and differences among the studies. Additionally, any
significant findings related to chemistry teachers' content knowledge were elaborated upon, along with
their implications for the field of education. Finally, the section concluded with a discussion of the
overall trends observed and their relevance to the research objectives, providing insights for future
studies.

Article (Author,

Year) Influences Frequency Percentage

A S Shidig, A
Permanasari, Hernani,
and S Hendayana
(2020)

Laura Teinholt Finne,
Bente Gammelgaard, Technological 3 2504
and Frederik knowledge
Voetmann
Christiansen (2022)

Paz B. Reyes,
Rebecca C. Nueva
Espaia, Rene R.
Belecina (2014)

Marina Miyuko
Akutagawa Tacoshi,
Carmen Fernandez

(2014)
Assessment 2 16.7%

Benjamin Sandlin, knowledge

Jordan Harshman,
and Ellen Yezierski
(2011)

Jan H. Van Driel,

0,
Onno De Jong, Nico Content knowledge 7 58.3%
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Verloop (2001)

Betiil Demirddgen,
Deborah L, Hanuscin,
Esen Uzuntiryaki-
Kondakci , Fitnat
Koseoglu (2015)

Oluwatosin Victor
Ajayi (2017)

Marissa Rollnick,
Judith Bennett,
Mariam Rhemtula,
Nadine Dharsey and
Thandi Ndlovu
(2008)

Bo Chen, Bing Wei
(2015)

Daphna Mandler,
Rachel Mamlok-
Naaman, Ron
Blonder, Malka
Yayon and Avi
Hofstein (2012)

Fer Coenders, Cees
Terlouw, Sanne
Dijkstra, Jules Pieters
(2010)
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