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The education sector, which is one of the most important aspects of public life, has undergone
critical changes due to the full-scale invasion of Russia in Ukraine. Educators and students have been
forced to a rapid shift from traditional to digital learning methods. Chemical education has adapted to
the new reality by using a number of digital platforms, virtual laboratories, and other IT tools for distant
learning. These innovative educational technologies have become particularly useful in chemistry
teaching, where interactive tools help replace hands-on experiments in wartime circumstances, where
access to traditional laboratories is unsafe or impossible.

However, the transition to digital learning in Ukraine during the current period not only has
complexities on its own, but is also accompanied by significant challenges caused by war conditions,
including power shortages, limited Internet access, and digital inequality, especially in war-torn and
rural areas. The issues of digital literacy, content localization, cybersecurity, and students’ and
educators’ psychological well-being present further complications.

Developing and expanding access to relevant, localized chemistry educational content will be
essential to closing the education gap and maintaining long-term sustainability. In the post-war period,
it is appropriate to implement a blended learning model that combines digital tools with offline
laboratories, which is critical for sustainable recovery, promoting community rebuilding, developing

practical student skills, and the sustainability of the Ukrainian education system in general.
Keywords: Educational technology; online chemistry education; digital learning; virtual

laboratories; blended learning.

The full-scale invasion of Russia on the
territory of Ukraine radically affected all aspects
of the state and society. In particular, severe
challenges faced the educational process, the
participants of which were forced to switch from
traditional forms and tools to digital learning
environments. The war has caused a whole series
of new challenges related to security, availability
of electricity, access to quality Internet and digital
devices, as well as social aspects such as the
impact on the psychological state of students and
teachers, increasing digital inequality, etc.

According to a study conducted by the
State Education Quality Service of Ukraine, a
third of students did not have permanent access to
education in wartime conditions [1].

According to the Ministry of Education and
Science, with the beginning of the full-scale war,
the number of distance-learning students
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increased to more than 35%. More than 30%
study in a mixed format [2]. Therefore, digital
platforms for learning, such as Google Classroom
or Moodle, have become important tools for
ensuring the continuity of chemical education
during wartime. These platforms allow teachers
to deliver lectures, provide access to learning
materials, and engage students in remote
discussion and collaboration [3]. However, the
effectiveness of the use of these platforms by
educators, their adaptation to educational
standards, as well as the real level of student
involvement in the educational process during the
war remain complex issues [4,5]. In addition, the
dependence of the educational process on
technology also increases the digital divide in
Ukraine, where students in war zones or in rural
areas may struggle with limited Internet access
and outdated equipment. Also, given the general
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and significant deterioration of material
conditions caused by the war, students from
disadvantaged families may lack the resources to
fully participate in online learning, further
increasing the educational gap [6].

Limited or no physical access to
classrooms and laboratories forces educators to
turn to electronic learning tools and resources
specifically designed for teaching chemistry.
These include digital textbooks and online
quizzes, video demonstrations, and interactive
simulations that help students visualize complex
chemical reactions and concepts. Platforms such
as PhET Interactive Simulation [7] or
ChemCollective [8] provide accessible resources
that can be integrated into the educational
process. Virtual laboratories, such as Labster [9]
and BeyondLabz [10], are an important
alternative to traditional hands-on experiments in
chemistry education. They allow students to
conduct simulation experiments and observe
chemical reactions in a controlled, safe
environment. Although virtual labs cannot
completely replace the tactile experience of
physical labs, they are a valuable tool for
supporting hands-on chemistry education under
the challenging circumstances of war. However,
despite the innovative approach to teaching that
these digital tools offer, the challenge is to ensure
that all students and teachers have the necessary
digital literacy and access to take full advantage
of such resources. The issue of localization of the
proposed educational materials should be
mentioned as well, since the vast majority of them
are in English, which complicates their
integration into the educational process.

That is why it is so important to stimulate
the creation of Ukrainian educational content in
chemistry. Various educational media resources
are provided on the e-learning platform created
with the support of the Ministry of Digital
Transformation of Ukraine and the Ministry of
Education and Science of Ukraine [11], as well as
a number of other platforms [12-14]. During the
war period they provide free access to a
comprehensive educational product that includes
theoretical and methodological educational
material on chemistry, thematic video materials,
and materials for project activities.

Also, a great example of the use of
information technologies in teaching chemistry is
the online Chemistry Olympiad [15], when
holding it in the traditional way is impossible due
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to russian missile attacks on the entire territory of
Ukraine.

Although the mentioned web resources
provide the participants of the educational
process with the necessary tools for studying
chemistry, the ongoing war increased existing
inequalities in access to technology, significantly
affecting students' ability to participate in
distance learning. In war-affected regions, many
students have lost access to reliable electricity,
the Internet and digital devices, creating
significant barriers to their education. This
technological gap is particularly impactful in the
study of subjects such as chemistry, which often
require specialized software and a stable Internet
to conduct interactive lessons and work with
virtual laboratories.

The wartime shift to online education has
also raised significant concerns  about
cybersecurity, privacy, and personal data
protection. Educational institutions are becoming
increasingly vulnerable to cyber-attacks, which
can not only disrupt education, but also
compromise confidential data. Ensuring the
security of online platforms used for chemistry
education is essential to protect both students and
educational institutions. This calls for the
implementation of robust cyber security
measures, such as secure authentication on
educational platforms, encryption of
communication channels, regular software
updates, and learning and following digital
security practices on the Internet [16].

Also, an extremely important issue is the
psychological impact of war on students and
teachers, which affects such aspects as emotional
state, motivation, ability to participate in
educational activities and benefit from them fully.
When  properly  approached, information
technology can offer important means of solving
these complex issues. In response to the
challenges caused by the war, online platforms
and collective online projects in chemistry will
facilitate group discussions, provide an
opportunity to improve social interaction and
cooperation between students and teachers.
Group projects, virtual experiments, and
collaborative research initiatives can be
conducted entirely online, allowing students to
collaborate as a team, share ideas, and support
each other. Such activities help restore a sense of
belonging, which is important for both social and
educational development. In addition, joint
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projects can focus on real-world problems of the
present, such as solving environmental problems
caused by war, making chemistry education even
more relevant and interesting for students [17].

Significant advantages in the study of
chemistry can be provided by generative artificial
intelligence technologies [18,19]. They make it
possible to improve such aspects of chemistry
education as explaining complex chemical
concepts to students, testing knowledge, virtual
tutoring, etc.

Although a full-scale war is currently
ongoing, it is important to think about the stage of
post-war recovery of chemical education in
Ukraine. It is obvious that despite all the
advantages of digital technologies and learning
tools, it is impossible to fully replace the
traditional learning environment with laboratories
and equipment to ensure the formation of
practical skills in students. Therefore, it seems
appropriate to move to a blended learning model
that combines the advantages of innovative
technologies with the capabilities and experience
of traditional approaches. The blended learning
can provide the necessary flexibility to adapt to
changing conditions, ensuring a smooth transition
from a remote to a traditional learning
environment when it is allowed by security
requirements. In chemistry education, this model
involves continuing to work with virtual labs and
online resources while gradually reintroducing
hands-on experiments and collaboration in the
classroom. This approach not only supports
academic continuity, but will also help address
the social need to rebuild the community and re-
engage students after long periods of isolation and
harsh wartime conditions.

Conclusions

The war highlighted existing educational
inequality, widening the digital divide and
limiting access to quality education for students
in Ukraine. Despite the advantages of virtual tools
in chemistry education, there is an urgent need for
expanded access, localized Ukrainian-language
content, increased digital literacy, and
cybersecurity measures to ensure the safety and
effectiveness of education. Online learning
platforms can promote student engagement and
retention by promoting collaboration and real-
world problem solving, which is especially
valuable in challenging times. The post-war
model of blended learning, which combines
digital resources with hands-on experience, is
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essential to the recovery of traditional chemistry
education and practical skills. Ultimately, such an
approach will contribute to the restoration of
education in Ukraine, help to restore connections
between communities and advance chemical
education in a resilient and sustainable way.
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CekTop OCBITH, SKHH € OJHMM 13 HAWBAaXKJIMBIIIMX AaCMEKTiB CYCIUIBHOTO XHUTTS, 3a3HaB
Cepiio3HMX 3MiH Yepe3 MoBHOMacITabHe BToprHeHHs Pocii B Ykpainy. Buknagaudi ta crynenTn Oymnu
3MYIIICHI MBUAKO MEPEXOANTH Bifl TPAIWIIHHUX N0 UM(POBHX METONIB HAaBYaHHA. XiMi4Ha OCBiTa
ajianTyBanacs 0 HOBOi PEaJbHOCTI, BUKOPHUCTOBYIOUM HH3KY HU(QPOBUX IIAT(OpPM, BipTyadbHHX
naboparopiit Ta inmux [T-iHCTpyMeHTiB st mucTaHmiiHOI ocBiTH. Lli iHHOBAIiiiHI OCBITHI TEXHONOTIT
CTald OCOONMMBO KOPHCHWMH Y BUKJIAQNaHHI XiMii, J€ IHTEpaKTHBHI IHCTPYMEHTH JONOMAraroTh
3aMiHUTH MPAaKTUYHI EKCIIEPUMEHTH B 00CTaBUHAX BilfHM, KOJIM JAOCTYII IO TPAAULIHHUX JTabopaTopiit
€ HeOE3MEeYHUM Y1 HEMOKIIUBUM.

Opnak nepexia A0 mudpoBoro HaBYaHHS B YKpaiHi IPOTATOM IOTOYHOTO TIEPioay HE TITbKU Ma€e
CKIIQJIHOCTI caM MO co0i, aje TaKoX CYIMPOBOKYETHCS 3HAYHUMHU MPOOIEeMaMH, CIPUYINHEHUMH
YMOBaMH BiliHH, 30Kpema Ae(dilUToOM eNneKTpoeHeprii, oOMeXeHHUM AOCTYIOM 10 IHTepHeTy Ta
u(POBOIO HEPIBHICTIO, OCOOIMBO B OXOIICHWX BIHOIO KpaiHaxX i CLMbCBKi MicteBocti. [lntaHHs
u¢ppoBoi TPaMOTHOCTI, JIOKami3alii KOHTEHTY, KibepOe3meKd Ta IICHXOJIOTIYHOTO OJIaromnomyqds
CTYJICHTIB 1 BUKJIJ[a4iB CTBOPIOIOTH JIOJJATKOBI YCKIIaTHCHHSI.

Po3poOka Ta po3mmpeHHst JOCTYIy 10 aKTyaJIbHOTO, JJOKaTi30BaHOTO HABYAIBHOTO KOHTEHTY 3
XiMii Mae Ba)KJIMBE 3HAYCHHS ISl YCYHEHHS OCBITHHOTO PO3PHBY Ta MIITPHUMKH JOBIOCTPOKOBOI
cTaOUIbHOCTI. Y MICISBOEHHHMN MEPIoJ JOUIILHO 3alpOBaJUTH MOJICNb 3MIIIAHOTO HABYaHHS, sSKa
MOETHYE ITUPPOBI IHCTPYMEHTH Ta odiaiiH J1abopatopii, 0 Ma€e BUPILIAIbHE 3HAYCHHS JJIsl PO3BUTKY
MPAKTHYHUX HABHYOK CTYJEHTIB, CTAJIOTO BiJHOBJCHHS, CIPHUSHHS BiAOYIOBI rpOMajad, Ta CTAIOCTI
YKpaTHCBKOi CHCTEMH OCBITH 3aTaJIOM.

KarouoBi ci1oBa: oOCBITHI TEXHOJIOTI1; OHJIAIH-HABYAHHS 3 XiMil; HU(QpOBE HABUAHHS, BIPTYyalbHI
naboparopii; 3MilaHe HaBYaHHS.
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