JIO3BOJIUTh CTBOPIOBATH IIEPCOHAJI30BAaHI HAaBYaNbHI TPAEKTOPIi s
KO)KHOTO y4HS. 3aBISKH TaKUM TEXHOJIOTISIM OCBiTa CTa€ OiIbIl
aJIalTUBHOI, THYYKOK Ta OPIEHTOBAHOK HAa I1HJAMBIAyaJlbHI HOTpedU
VUHIB, IO CHPHSE MiJBUIICHHIO SKOCTI HABYAJBHOTO TIPOILECY Ta
TJIHOIIOMY 3aCBOEHHIO 3HAHb.

TakuM 4YMHOM, BHKOPUCTAHHS JONOBHEHOI Ta  BipTyaJbHOI
peanbHOCTI Y BUKJIQAaHH1 610710T1i BiAKpUBAa€E HOBI TOPU30HTH AJISl OCBITH,
3a0e3nedyodn IHTepaKTUBHUH, Bi3yasbHO HACHYCHUH Ta
EKCIIepUMEHTAIILHO OPIEHTOBAHHWM MMiJXiJ 10 HaBYaHHA. lle mo3Bomsie He
JIUINE TIIBUINUTH PIBEHb 3aCBOEHHS MaTepiaiy, a H CHOpPUSITH PO3BHTKY
KPUTUYHOTO MHCJICHHS, TBOPYUX 3AI0HOCTEH Ta JOCIITHUIIBKIX HABUYOK
VUHIB, III0 € OCHOBHUMH CKJIQJIOBIMH CY4aCHOI HAyKH Ta OCBITH.
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INTEGRATION OF VIRTUAL LABORATORIES AND VR/AR
TECHNOLOGIES INTO STEM EDUCATION

Kukharchuk M., Olendr T. M.

The rapid development of technology requires new approaches to
education, especially in the field of natural sciences and mathematics.
Traditional methods are not always sufficient to explain the complex
processes taking place at the microscopic level. The use of virtual
laboratories and virtual (VR) and augmented reality (AR) technologies in
science and mathematics education opens new horizons for improving
learning quality. These innovative approaches enable students to immerse
themselves in interactive environments where they can conduct
experiments, explore complex concepts, and develop practical skills
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without the physical limitations of traditional laboratories. At the same
time, this promotes STEM education, which emphasizes research
activities and an interdisciplinary approach to learning.

One of the leading platforms providing virtual laboratories is PhET
Interactive Simulations. This free resource, developed by the University
of Colorado Boulder, offers interactive simulations in physics, chemistry,
biology, and mathematics. Learners can interact with models, change
parameters, and observe results in real time, facilitating a deeper
understanding of scientific principles. For example, the «Atomic Models»
simulation allows students to explore atomic structures and the influence
of various factors on their behaviour [1].

Another important platform isLabster, which provides access to
virtual laboratories in various scientific fields, including biology,
chemistry, and physics. Labster offers realistic 3D simulations where
students can conduct experiments, solve scientific problems, and receive
immediate feedback. Education institutions in Ukraine have gained free
access to Labster’s materials through collaboration with the Ministry of
Education and Science. It enables the integration of these resources into
the learning process [2].

VR and AR technologies are also widely used in education. Using
VR headsets, students can immerse themselves in three-dimensional
environments where they, for example, explore the molecular structure of
DNA or take a virtual journey through the internal organs of a person [3].
AR technologies, in turn, overlay digital objects onto the real world.
AR_Book is a mobile application for school students that usesaugmented
reality technology. This can be applied to to the study of anatomy,
whenstudents see 3D models of organs overlaid on their textbooks.

There are many virtual laboratories and online platforms that can be
effectively used in education. For example, Go-Lab is a free web platform
that offers a wide range of laboratory simulations in natural sciences.
Mozaik Education provides access to interactive 3D scenes and
educational videos that help study various subjects. With the support of
VR and AR technologies, students can interact with learning materials in
a more visual way. For a better understanding of physical processes, My
Physics Lab is used, which includes simulations of mechanical systems,
oscillations, and other phenomena that aid in mastering fundamental
physics concepts.

The use of virtual laboratories and VR/AR technologies in science
and mathematics education has a number of significant advantages that
positively impact the quality of the learning process. One of the key
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benefits is the iraccessibility, as they allow experiments to be conducted
regardless of the availability of expensive equipment or laboratory
environment [4]. This is particularly important for educational institutions
that have limited financial resources.

Another key advantage is safety. Chemistry or physics experiments
can involve potential risks. Virtual laboratories let avoid dangerous
situations since all reactions, interactions, and experiments take place in a
digital environment [5]. This is especially important for disciplines such
as organic chemistry, electricity, or biological research.

The integration of VR and AR technologies into STEM education not
only enhances the visualization of complex processes and phenomena but
also stimulates the development of research skills among learners. Using
an interactive laboratory format, students learn to analyze experiment
results, formulate hypotheses, and find scientific justifications for their
conclusions. This helps in shaping the competencies needed for modern
scientists, engineers, or technologists.

Thus, the introduction of virtual laboratories and VR/AR technologies
into the educational process not only expands access to quality education
but also makes learning safer, more engaging, and more effective.
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BUKOPUCTAHHS EOEKTUBHUX METO/JIB HABYAHHS
JJIA PO3BUTKY INTPUPOJHUYINUX KOMIIETEHTHOCTEHN

JInnga JI., Menbuuk B. .
3rizHo HOBOTO JlepaBHOTO CTaHAApTy 0a30BOi OCBITH B MPHOPITETI
OCBITHBOT'O MPOLECY € KOMIETEHTHICHUH miaxin [3, 5]. BiamosimgHo mo
«Pexomenpnaniit €Bpomneiicekoro [lapmamenty ta Pagm €Bpomnm momo
(hopMyBaHHSK JFOYOBHUX KOMIIETEHTHOCTEH OCBITH BIPOJIOBX JKUTTS»
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