TopaliFbIpOB YHUBEPCUTETIHIH
FBIJIBIMU KYPHAJIbI

HAYYHBIN )KYPHAJI
TopaiirblpoB yHUBepcUTETA

TOPAUFBIPOB
YHUBEPCUTETIHIH
XABAPIHIBICHI

HEJAT'OI'NKAJIBIK CEPUACDHI
1997 )KbIJITAH BACTAII LIBIFA/JIbI

BECTHHUK
TOPAUTBIPOB
YHUBEPCUTETA

HEJATI'OI'MYECKASA CEPUA
U3JIAETCS C 1997 TOJIA

ISSN 2710-2661

Ne 2 (2024)
MABJIOJIAP



HAYYHBIN )KYPHAJI
TopaiirelpoB yHuBepcHTETa

Ienarornyeckas cepust
BBIXOJUT 4 pa3a B roj

CBHUJIETEJBCTBO
0 MOCTAHOBKE Ha TepeydeT NEPHOANIECKOT0 EYaTHOTO N3/IaHN,
MH()OPMAMOHHOTO areHTCTBA U CETEBOTO U3/IaHUS
Ne KZ03VPY 00029269
BBIZIAHO
MuHucTepcTBOM HH(YOPMALIUU U KOMMYHUKAIUN
Pecny6nukn Kazaxcran

TemaTn4eckasi HANPaBJIEHHOCTH
MyONMKALUs MAaTepPHAIOB B 00JIACTH TIEAArOTHKH,
TMICUXOJIOTHU U METOJIMKHU MPETIOIaBaHUsL

MMoanucHoii mugexce — 76137

https://doi.org/10.4808 1/QWNJ5612

Bac pegakTopsl — NIaBHBIH peJaKkTOp
Ayb6akuposa P. K.
o.n.H. P®, k.n.n. PK, npogeccop

3aMecTHUTeNb TIaBHOTO PElaKTopa XKymaraesa E., 0.n.n., npoghpeccop
OTBETCTBEHHBIN CEKpeTaphb Kab606acoBa A. T., PhD 0okmop

Penakuus aakacel — PeqakiiuoHHas KoJjjierus

Marayosa A. C., 0.n.H., npogheccop

Bexkmaram6erona P. K., 0.n.H., npogheccop

CawmekuH A. C., doxmop PhD, accoy. npogheccop

CuH Kysn ®ynr Kenner, o.n.u1., npogpeccop (Kumaii)

KenBuc Pumanrac, 0.1.H., K.NCUX.H., npogeccop (JTumea)
AgarsiH A. B., 0.n.H., accoy. npogheccop (Apmenus)
Tomac Yex, o.n.1., doyenm n.u. (Yewickasn Pecnybnuxa)
Owmaposa A. P, mexHuYecKul peoaxkmop

3a 10CTOBEPHOCTh MAaTEPHAIIOB M PEKJIAMBI OTBETCTBEHHOCTh HECYT aBTOPBI M PEKIaMOIaTeN
Pepakimst octaBisiet 3a coboit TIpaBO Ha OTKJIOHCHHUE MaTCpHaIoB
IIpH HCTIONMBE30BaHHH MaTePHAJIOB XKypHaa cChllka Ha «BecTHHK TopalrbIpoB yHHBEpCHTETa) 00s3aTeIbHa

© TopalirsIpOB YHUBEPCHTET



TopaiirsipoB ynusepcurerinin Xabapmsicel, ISSN 2710-2661

BINIM BEPYAIH 3AMAHAYW TEXHOINOIMANAPHI,
IT-TEXHONOIMANAP

SRSTI 14.35.07

https://doi.org/10.4808 1/QEWS3041

ITeoazozuxanvix cepusicor Ne 2. 2024

*N. V. Akatyev

M. Utemisov West Kazakhstan university,
Republic of Kazakhstan, Uralsk
*e-mail: nikolay.akatyev@wku.edu.kz

MODERN STATE OF APPLICATION
OF Al TECHNOLOGIES IN CHEMICAL
EDUCATION: PROBLEMS AND APPROACHES

The integration of artificial intelligence (Al) technologies into
education systems has been a transformative force across multiple
disciplines, with chemistry education proving particularly fertile ground
for innovation. As we consider the prospects of Al in chemistry education,
it is important to recognize the unique opportunities and challenges
that this integration brings. Al technologies, ranging from machine
learning algorithms to advanced simulation tools, offer unprecedented
opportunities to improve the way chemistry is taught and learned. By
introducing interactive content, personalized learning experiences, and
improved visualization techniques, these technologies not only enable
deeper understanding of complex chemical concepts but also transform
traditional teaching methods. This article examines the current state of Al
applications in chemistry education and highlights the significant benefits
and potential future developments that could further transform this field.
As Al continues to advance, its role in educational contexts, particularly
in chemistry, promises to be both transformative and far-reaching, paving
the way for more effective educational technologies.

Keywords: chemistry, artificial intelligence, chemistry education,
modern education trends, methods of teaching chemistry.

Introduction

Digital technologies have been used in chemistry education for several

decades, and their relevance has recently become increasingly important. In
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current year, V. Ananikov identified 20 main areas of application of artificial
intelligence (AI) in chemistry [1]. Among other things, it highlights that Al
technologies significantly improve chemistry teaching through the integration of
digital platforms and simulation software. These technologies, particularly through
virtual and augmented reality (VR and AR), provide educational experiences that
are engaging, safe and accessible. This approach not only improves the quality of
chemistry education, but also equips researchers with the skills and knowledge
they need to succeed in today’s scientific world. The use of digital technology
in chemistry teaching has been proven to improve the quality of teaching from
a technical, cognitive and social perspective. In addition, a study on the impact
of a proposed science curriculum based on digital technologies found that the
experimental group that used digital technology-based lessons showed higher
motivation to learn science subjects and achieved better learning outcomes
[2]. A systematic review of the literature revealed that VR and digital learning
applications are commonly used, indicating the spread of pedagogical innovations
associated with new technologies [3]. This clearly shows that the use of digital
technologies is crucial for teaching chemistry today.

Materials and methods

In this work the main focus was shifted to the process of literature collection,
evaluation, and synthesis. Research methods of systematic review of international
high-level scientific literature using the ASC, Wiley and RSC databases over the
last two decades were used, followed by a sampling of the most frequently cited
qualitative research findings. Research protocol included the comprehensive
literature search using the keywords in above databases.

Results and discussion

Figure 1 represents a chronology of the integration of digital technologies in
chemistry education from the 1990s to the present.

Figure 1 — The chronology of the integration of digital
technologies in chemistry education
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Digital technologies first found their way into chemistry lessons in the 1990s,
influenced by the emergence of the Internet and multimedia tools. The 2000s were
followed by a period of growth in web-based learning platforms and interactive
simulations that enhance the educational experience. The 2010s became an era
of more sophisticated digital tools, including the introduction of educational
applications on various mobile platforms (i0S, Android, WindowsOS), specifically
designed for the study of chemistry using smartphones and tablet computers.
In the current era of the 2020s, new directions in chemical education focus on
integrating Al and VR technologies, providing an immersive and interactive
learning experience, including distance learning [3].

One of the first educational platforms on the Internet was YouTube video
hosting. Teaching on YouTube presents a unique landscape with its own
opportunities and challenges, particularly when it comes to understanding the
specific needs and intent of audiences, providing high-quality content, and
balancing quality and quantity. Ruiz-Morillas examined the digital landscape of
YouTube teaching compared to traditional face-to-face teaching, which provided
insight and guidance for teachers to create and develop a chemistry teaching
channel, taking into account the diversity of the audience for a global reach of
teaching [4].

The COVID-19 pandemic has significantly accelerated the introduction and
integration of digital tools and methods and led to global changes in chemistry
education. This had a significant impact on the use of digital technologies in
teaching. Traditional methods were used less during the lockdown, while mobile
learning was used more [5]. The transition to distance learning required the rapid
adoption of digital technologies, which were crucial in maintaining educational
continuity during the pandemic. The sudden shift to digital learning highlighted
significant technological inequalities, particularly among students from different
socio-economic backgrounds. This inequality affected access to digital resources
and the overall effectiveness of distanced learning in chemistry [6].

The pandemic forced teachers to quickly adapt to online teaching including
the use of various online platforms, digital simulators, and virtual laboratories
[7]. Teachers have had to rethink their teaching strategies to better adapt to the
online format. The experience also highlighted the importance of teacher training
in digital tools and pedagogical methods suitable for online teaching and has led
to a better understanding of how digital tools can improve teaching and learning
and stimulated discussions about the best ways for integrating of IT into chemistry
education [8].

The integration of tools like ChatGPT into education is changing the landscape
of chemistry teaching and learning. As an Al-driven platform, ChatGPT offers a
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dynamic and interactive approach to chemistry teaching, enabling personalized
learning experiences and instant feedback. This technology not only supports
the traditional educational frameworks but also improves the accessibility and
efficiency of learning chemical concepts. ChatGTP’s chatbot has quickly gained
global attention as the easy and instant access and use of Al has become widely
available. The chatbot can be given very complex tasks, including those from
chemistry lessons, which it processes in detail and (partially) correctly. These
new and comprehensive possibilities offer both for teaching and learning [9].
Nevertheless, in the field of education, ChatGPT has become a topic of
debate. Students’ experience of a ChatGPT enabled final exam in a non-majors
chemistry course was investigated by Holme. During investigation students were
asked to compare their paper to one produced on the same topic by ChatGPT.
It was revealed that essay whritten by the ChatGPT did not read as «human-
like», because of using more intricate words, and often did not include enough
science to support its arguments [10]. It was also shown that ChatGPT, have the
potential to help students learn mechanistic aspects of organic reactions through
the generated responses. Study findings show that responses are fully explain
reaction mechanisms and the majority contain predominantly accurate explanations
of chemical phenomena and identification of nucleophiles and electrophiles [11].
However, introducing ChatGPT into chemistry education is not without
challenges. Issues such as technological inequality and the need for comprehensive
teacher training stand in the way of full integration. Despite these challenges, the
continued development and adaptation of ChatGPT in educational institutions
promises a more engaging and effective learning environment for students and paves
the way for an innovation in chemistry education [12]. In the most of studies, the
attitudes of students towards artificial intelligence distributes from enthusiastic to
indifferent and cautious. However, after the first experience, most of the students
declared themselves adopters of the new technology [13]. Nevertheless, there are
risks that individuals may become over-reliant on Al, that can result a reduced
capacity for critical thinking, or a decline in memory retention. Therefore, further
research into the long-term cognitive effects of interacting with advanced Al models.
The use of Al in chemistry curriculum creation is an emerging area that
leverages technology to improve educational content. Figure 2 shows how Al
technologies can be used to improve the content and delivery of chemistry
curricula, making education more effective and adaptable to student needs.
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Figure 2 — The application of Al in chemistry curriculum design

As can be seen, Al helps optimize learning paths through curriculum design
by analyzing educational data to tailor the curriculum to better meet student needs
and improve learning outcomes. It also facilitates the creation of dynamic content
that adapts to changes in educational standards and student performance, ensuring
the curriculum remains relevant and engaging. The possibilities of ChatGPT-4 to
improve their lesson plans for the Thomson, Millikan, and Rutherford historical
experiments were explored by Clark. As a result, only limitation of ChatGPT-4
was its ability to create images or visual aids. Overall, it was found that the chatbot
can support, but not replace, a lecturer [14].

Integrating Al into traditional chemistry curricula development also poses
several challenges both for technical and pedagogical aspects. One of the biggest
technical challenges is the lack of existing infrastructure and resources to support
Al technologies in many educational institutions. This includes hardware such as
computers and software as well as the expertise required to effectively implement
and maintain Al systems [15]. From a pedagogical perspective, there are concerns
that integrating Al into curriculum design could overshadow traditional learning
methods. Therefore, teachers need to strike a balance when using of Al tools
without diminishing the importance of fundamental chemistry concepts and
practical laboratory experiences [16]. Ethical issues such as data protection and
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the digital divide also pose significant challenges as they require careful planning
to ensure that all students have equal access to Al-powered education [17].

AR and VR technologies are increasingly being integrated into chemistry
education, improving student engagement and understanding through interactive
simulations of chemical structures and experiments [3]. Al-driven VR and AR tools
enable students to visualize and interact with molecular structures and chemical
reactions in three-dimensional space. This skill transforms abstract chemical
concepts into tangible and understandable visual experiences, significantly
contributing to better comprehension and retention. In particular there are already
several examples of the successful use of virtual reality technologies in teaching
organic chemistry [18]. The VR system allows students to conduct virtual
experiments, while observing chemical reactions in a simulated 3D environment.
Students can interact with virtual chemical apparatus and observe reactions in
real-time (Fig. 3).

Figure 3 — Student immersive experience in
VR chemical reaction simulation (adopted from [18])

Students and teachers also use different software to analyze chemical data
and predict results using machine learning algorithms. By analyzing student
performance data, these algorithms can tailor the pace and style of content delivery
to individual learning preferences, ensuring each student can learn at their optimal
speed and manner [19]. In particular, AR has the potential to increase students’
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motivation, interest and attitude towards learning chemistry by making the learning
process more interactive and immersive [20]. This integration of Al into chemistry
education not only promises better educational outcomes, but also prepares students
for a future where digital literacy and Al skills will be paramount.

In order to successfully use Al in chemistry lessons, both teachers and
students must have a certain level of computer and IT skills. First, teachers and
students must have a clear understanding of Al concepts based on fundamental
knowledge of Al, machine learning, and data analysis. Knowledge of basic
computer operations, managing files, and using common software applications is
also essential. Knowledge of accessing online resources, databases and Al tools
through effective internet navigation and research skills is required. Knowledge
about protecting personal and sensitive information when using Al technologies
is important to ensure data security. Continuous learning and adaptability to new
Al tools and technologies are required to keep pace with advances in the field.

The advantages and disadvantages of using Al technologies in chemistry
education are summarized in Figure 4.

Figure 4 — Advantages and disadvantages of using
Al technologies in chemistry education
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Figure 4 represents that Al technologies have a set of significant benefits for
chemical education. Personalization suggest that educational content is tailored
to students’ individual needs, improving understanding and retention providing
instant feedback on assignments and tests. Al also increases efficiency by
automating routine tasks, frees up time for more complex and creative activities.
In addition, Al ensures access to up-to-date information by quickly integrating
the latest scientific findings into the curriculum. However, there are several
disadvantages. Access to Al technologies can vary widely, potentially widening
the education gap. There is also a risk of dependence on technology, which can
impact critical thinking skills and reliance on traditional learning methods. Privacy
concerns are also of great importance as the use of Al in education raises issues
regarding the security of student data. The cost of implementing Al technologies
can be high and requires significant resources for initial setup, maintenance, and
training. Finally, teacher training represents a critical barrier, as effective use of
Al in education requires significant training efforts.

Based on a literature analysis that reflects the current state of Al technologies,
we can provide some practical tips for successfully integrating Al into the teaching
and learning process:

1 Educational institutions should implement training programs that focus on
improving the Al-related skills of teachers and students. These programs should
include basic computer skills, Internet research techniques, and an introduction
to Al concepts and applications in chemistry.

2 Teachers need to stay up to date on the latest Al tools and technologies.
This can be facilitated through workshops, online courses and professional learning
communities.

3 Integrate Al technologies education into the chemistry curriculum to give
students hands-on experience with Al tools. This integration should also take into
account ethical considerations and data security practices.

4 Educational institutions should provide resources for the necessary hardware
and software that support Al technologies. This includes access to Al platforms,
high-speed internet and secure computing environments.

5 Building partnerships with Al experts and technologists to provide insights
and support for implementing Al tools in chemistry education. This collaboration
can also help adapt Al solutions to educational needs.

By following these recommendations, educational institutions can ensure that
both teachers and students are well prepared to effectively use Al technologies
in the teaching and learning of chemistry. By integrating Al with other digital
technologies, educators gain a comprehensive toolkit to improve both the delivery
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and content of chemistry lessons. This integration fully meets modern educational
needs and standards and makes the learning process more engaging and effective.

Conclusion

In summary, the prospects for the use of Al in chemical education are
very promising. Al has already begun to transform the landscape of chemistry
teaching and learning by improving teaching tools, developing new pedagogical
frameworks, and facilitating interdisciplinary research. Al-driven technologies
such as virtual and augmented reality have significantly improved the visualization
of complex chemical structures and processes, making chemistry more accessible
and engaging for students. Additionally, Al-driven platforms provide personalized
learning experiences and self-assessment tools that address students’ diverse needs
and promote a deeper understanding of chemical concepts. As Al continues to
develop, its integration into chemistry education is expected to deepen and more
sophisticated tools and methods emerge that could revolutionize the way chemistry
is taught and learned. Ongoing research and development in Al promises to not
only improve educational outcomes, but also inspire new educational technologies
that could address knowledge and accessibility gaps. Ultimately, integrating Al
into chemistry education has the potential to create a more interactive, effective,
and inclusive educational environment and better prepare students for future
challenges in chemistry education.
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XWMUSI BLTIM BEPYJETT AI TEXHOJIOT USLIAPBIH
KOJJAHYIBIH KA3IPTT )KAFJATBI:
MOCEJIEJIEP MEH TOCLIJIEP

Kacarnovl unmennexm (AI) mexnonozusnapeinvly Oinim bepy srcytiecine
UHmMezpPayuUsACyl KOnmezeH nOHOep OOUbIHWIA 032epMYULi KyuKe auHanobl,
oy pemme xumusi OiNiMI UHHOBAYUALAD YWIIH epeKule KYHAPIbl dHcep
eKeHiH 0onendedi. Xumus oiniminoezi Al bonauiaavin Kapacmeipa omeipuin,
Oy uHmezpayus oKkenemin bipezeti MyMKIHOIKMep MeH KUbIHObIKMApPObl
MOUBIHOAY MaHbl30bl. Kacanovl unmeniekm mexHoI02UALAPbL
MAUUHATBIK OKbIMY A2OpUmMMOepiner bacman dxceminoipineen mooenvoey
Kypanoapuiia Oein XUMUsHbl OKbly JicoHe Yupeny 90icin cakcapmy
YUtiH OypuIH-cOHObL H0AMA2AH MYMKIHOIKMED YCblHAObl. Mnmepakmusemi
MA3MYHObI, diCeKeNeHOIpiiceH OKbINY MONCIPUOECIH HCOHE HCAKCAPMBLIZAH
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su3yanuzayus 90icmepin eneizy apxvlivl Oyl MexHOIo2UAaAp Kypoeiui
XuMUs yablMOApulH mepenipek mycinyoi Kammamacels emin Kanda
KOUMALIObl, COHbIMEH Kamap 09Cmypii OKblmy a0icmepin mypienoipedi.
byn makanaoa xumus 6iniminoezi AI Konoanyowly azvimodazsl Hcan-Kyi
Kapacmuipuliaobl HCOHE CANAHbl 00aH opi 032epme alamblH MaKbl30bl
apmMuIKWbLIBIKMAp MeH aaeyemmi Oonawax, azipaemenep Kepcemineoi.
Kacanovl unmennexm Oamvin Keje JHcAmKaHObIKMAH, OHbIH Oilim Oepy
KOHmeKcminoezl, scipece XuMusioazasl poii, MUiMOIipex HcoHe mapmulmobl
Oinim 6epy mexHONOSUANAPBIHA HCOT AUIATMBIH MPAHCHOPMAYUANBIK HCOHE
ayKuimovl b6onyaa yooe bepeoi.

Kinmmi ces3dep: xumus, scacandvl uHmeniekm, XUMusiolk Oiim,
Oinim bepyoezi 3aMaHayu MeHOCHYUSAAP, XUMUSHbL OKbIMY d0icmeMect.

*H. B. Akamves
3ananHo-KazaxcTaHckuil yHUBEpCUTET
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COBPEMEHHOE COCTOAHME IPUMEHEHUA
TEXHOJIOTWA UM B XUMUYECKOM OBPA3OBAHUMN:
IMPOBJIEMBI 1 TOAXOJbI

Humeepayus mexnonozuil uckyccmeennozo unmennekma (HH) 6
cucmemvl 00pA308aHUsA CMALA NPeodPaA3VIowel CULoll 8 Pa3IUiHbIX
OUCYUNTUHAX, NpUHEeM XUMUYecKoe 00pa308aHue OKA3AN0Ch 0COOEHHO
braco0amuoll nougou 01 no00OHbIX uHHOayul. Paccmampusas
nepcnexmugvl npumenenus UM ¢ xumuueckom obpazosanuu,
BAJCHO NPUSHAMb VHUKATbHBIE 603MOICHOCMU U 8bI306bl, KOMOPbLE
npeocmasisem ama unmezpayus. TexHoro2uu UCKYCCMBEHHO20
UHMeNNeKmd, HAYUHAL C AN2OPUMMO8 MAWUHHOZO0 00YYeHUs U
3AKAHYUBASL NEPEVOBIMU UHCIMPYMEHMAMU MOOETUPOBAHUS, OMKPBLEAIOM
becnpeyedeHmHble 803MONCHOCTU 015 YIIVHIUEHU Men 0008 NPeno0asaHs.
u uzyyenus xumuu. braeooaps enedpenuro uHmepakmueHo2o KOHmeHma,
NePCOHATUZUPOBAHHO20 OOYYEHUS U YCOBEPULEHCINBOBAHHBIX MEMO008
BU3YANUZAYUY IMU MEXHONO02UU He TOAbKO cnocobcmeyiom 6onee
2AYOOKOMY NOHUMAHUIO CHLONCHBIX XUMUHUECKUX KOHYEenyuil, HO U
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mpaucoopmupyrom mpaouyuonHsie Menoosi 00yuenus. B oannoti cmamve
paccmampugaemcs mexyuee cocmosuue npumenenus MU 6 xumuyeckom
0bpazosanuy U NOOYEPKUBAIOMCS 3HAYUMENbHbIE NPeUMyecmaa u
nomernyuan 0 OyOywux paspabomox, Komopslie moeym euje Oonvuie
ycoeeputeHcmeosams amy oonacmu. Ilo mepe moeo, kak MU npodoncaem
Ppazeusamvcs, e2o poib 8 00pa308amenbHOM KOHMeEKCme, 0COOEHHO 6
Xumuu, umeem Kax npeobpasyiowjee, max u pacuiupsoujee 603oelicmaue,
OmMKpbIBAs NYyMb 0715 O0iee IPHEeKMUBHBIX 00PA308AMENbHBIX MEXHOIOSU.

Knrouesvle crosa.: xumus, UCKyccmeeHHblll UHMELeKM, XUMUYECKOe
obpazoeanue, cogpemennvle meHOeHyuu ooOpa3o6anus, Memoouxda
nPenooasaHuus Xumuu.
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