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STEM APPROACH IN TEACHING GEOGRAPHY:
USING ARTIFICIAL INTELLIGENCE TO STUDY MINERALS AND ROCKS

Summary.

The role of geological knowledge in modern society and its impact on the professions of the future are considered. The growing
need for the study of minerals and rocks to expand innovative opportunities in various fields of science and technology is emphasised.
The articlehighlights the challenges associated with teaching the geological component of the geography curriculum and the
“ Explore the World” course in secondary schools, including the lack of specialised courses, insufficient teacher training, outdated
teaching and learning resources, and limited opportunities for field research. An analysis of current research shows that digital
technologies with Al can significantly change the approach to the formation of geological knowledge in students. The use of tools
such as Google Lens, Google Earth, and Rock Identifier allows for virtual tours, automated mineral identification, and interactive
learning. The article presents the results of field studies conducted at the summer schools of the National Centre ‘Minor Academy
of Sciences of Ukraine’, which demonstrate the effectiveness of integrating Al into the educational process. The proposed methods
include the use of mobile applications for identifying minerals in the field, as well as geological quests with elements of multimedia
and interactive interaction. The need to improve mineral recognition algorithms and further develop virtual reality technologies
to improve the educational process is emphasised. The conclusions confirm that the integration of digital technologies and Al into
geological education contributes to increasing students’ interest, expanding access to educational materials, and making the learning
process more engaging and effective. Further research is focused on the use of more complex educational simulations that will help
improve geological education on a global scale.

Keywords: geography; geology; minerals; artificial intelligence,; geological education; mineral identification; Google Earth,
Google Lens; Rock Identifier; STEM education, interactive learning.
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Statement of the problem. Geological
knowledge, knowledge about minerals and mineral
resources is crucial for understanding the distribution,
formation and location of natural resources, without
which the existence of human civilisation would be
impossible. Technological advances have accelerated
the growth in demand for mineral raw materials
needed to support modern technologies such as
electric vehicles, renewable energy and electronic
devices, so the study of minerals and rocks can play
a significant role in many professions of the future,
including genetic engineering, design and marketing,
and others.

For example, in the field of genetic engineering,
minerals and rocks are used as sources of raw
materials for creating genetically modified organisms.
For example, rocks containing sulphur are used in the
production of amino acids, which are the building
blocks for proteins and are crucial for genetic
engineering. In addition, minerals such as selenium
and zinc are essential for maintaining healthy genetic
material and protecting cells from damage, making
them valuable for genetic engineering [1].

Geological knowledge is also important for the
design industry, which often draws inspiration from
the natural world, in particular from minerals and
rocks. The unique properties of minerals and rocks,
such as their colours, textures and patterns, can be used
to create innovative design solutions, from jewellery
to furniture. Moreover, some minerals are valued for
their rarity, making them highly sought-after materials
in the design of luxury goods [2].

In marketing, minerals and rocks play an important
role in creating effective advertising campaigns. For
example, mineral-based cosmetics can be positioned
as natural and environmentally friendly, which attracts
consumers looking for environmentally friendly
products. Minerals and rocks can also be used to
create a unique packaging design that stands out on
store shelves and attracts consumers’ attention [3].

Another aspect that contributes to the interest
in studying gemstones is related to their unique
physical, chemical and geological properties. For
students, this may be their first encounter with more
complex scientific concepts such as crystal structures,
mineralogy and the geological processes that lead to
the formation of these materials. This approach can
encourage young people to study STEM disciplines
(science, technology, engineering, mathematics) [4].
In this context, Al can be used to classify and
analyse gemstones based on their characteristics,
such as colour, transparency or internal inclusions,
using machine learning algorithms to automatically
recognise minerals. Such technologies can also aid
scientific research by creating models of how minerals
form in different geological environments.

Developing skills in the study of stones is relevant
to education in Ukraine, which is rich in mineral
resources, many of which are unique, making the
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country an important part of the global gemstone
market. The geological study of rocks and minerals
can stimulate economic development and attract
investment in the mining and processing industries.
The study of minerals and rocks is also important
for a range of future careers, from genetic engineering
to design and marketing. By understanding the unique
properties and potential applications of minerals and
rocks, professionals can create innovative solutions to
meet the demands of the modern world.
Understanding the geology of an area is also
necessary to identify potential hazards such as
earthquakes, volcanic eruptions and landslides, and
to develop strategies to mitigate their effects. A very
important aspect is the application of geological
knowledge to achieve the goals of sustainable
development: while continuing to exploit the resources
of our planet, humanity must balance economic
development with environmental sustainability [5].
Practical experience shows that there are a number
of problems in teaching elements of geology and
mineralogy in secondary schools [6]. These include
limited integration into the curriculum, marginalisation
and integration with general environmental science [7].
This lack of specialised courses in geology and
mineralogy makes it difficult for students to develop
a comprehensive understanding of geosystems and
geoscience. Another important aspect affecting
the quality of geological education in secondary
schools is the lack of teacher training in geology
and mineralogy, resulting in outdated or superficial
teaching. In addition, schools often lack adequate
laboratory equipment for practical mineral analysis
and fieldwork. There are also limited opportunities
to gain practical experience through field trips,
which are crucial to geological learning but are often
expensive or logistically difficult and therefore rare.
This leads to a decline in student interest in geology
and mineralogy, with a consequent lack of awareness
of career prospects in geology and related professions.
Addressing these challenges requires policy
changes, better teacher training and investment in
resources and technology. However, modern tools
such as GIS (Geographic Information Systems),
remote sensing and 3D modelling, as well as virtual
laboratories and mineral analysis simulators, could
more quickly fill the resource gaps.

Analysis of recent research and publications.
Modern learning technologies based on artificial
intelligence (AI) are now widely used in geosciences,
geology education and ecology, which is confirmed
by the growing number of scientific publications [8;
9]. For example, according to Dimensions Al, an
analytical platform that allows receiving and analysing
scientific publications patents, grants, etc. according
to the keywords “artificial intelligence”, “geology”,
“ecology”, “geography”, “STEM”, “Google Lens”,
there is a clear average increase in interest in this type

of research (Fig. 1).
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Fig. 1. Dynamics of the number of scientific publications in 2016-2024
(according to https://www.dimensions.ai/)

People of all ages have always been interested
in gemstones and there are several reasons for this.
First and foremost, it is the aesthetic appeal of a wide
range of colours, unique textures and rare properties
that sparks an interest in nature and science in general.
Al, virtual and augmented reality can enhance this by
providing 3D visualisations of rocks, simulations of
their formation or analysis of their properties at a level
beyond human perception, allowing you to ‘touch’
the processes of creation and evolution of minerals,
making learning even more exciting [10-12].

Interest in the study of stones is fuelled by their
symbolism and historical value. In many cultures,
stones are associated with status, wealth and power,
which stimulates interest on a social level [13].
For example, gemstones have been used to make
jewellery, religious symbols and even weapons. Their
history is closely linked to human civilisations, and
studying this aspect can be a great tool for engaging
students in history and culture through geology
[14-16]. In this case, Al can be used to analyse the
properties of rocks and their possible origins, as well
as to help create a historical context for each sample,
combining different disciplines: from geology to
history and cultural studies [17; 18].

In this context, the Google Earth application has
proven to be a very good educational tool, providing
unique opportunities to explore geography, history
and ecology through interactive 3D maps and satellite
images [19]. This application can be used to explore

various interesting geological sites and deposits.
Google Earth provides access to high-resolution
satellite images of the Earth’s surface, which can be
used to study geological features and processes in
detail, and allows users to view the topography of the
Earth’s surface in 3D, facilitating the visualisation of
the shape and structure of different landforms. This
can be particularly useful for studying objects such
as mountains, open-cast mines and quarries, etc.
Google Lens [20] as an effective tool for learning,
helping to quickly translate text, identify objects and
get additional information for a deeper understanding
of the learning material [21; 22]. Another popular
application is Rock Identifier [23], which helps to
identify rocks from a photo. It has tools for analysing
rock texture, colour and composition, and includes
an interactive database for comparing samples.
Unfortunately, despite the continuing interest
in rocks and their fascinating properties, today’s
students have limited opportunities to explore
mineral deposits with their own eyes. This is due
to a number of factors, including epidemiological
restrictions, military threats and the long distances
to some deposits and geologically interesting places,
such as the volcanic rocks of the Karadag Massif in
the Crimea or the corundum deposits on the island
of Madagascar. According to G. Liventseva and
M. Krochak [24], many schoolchildren today are
bored in geological museums, distracted by gadgets
and uninterested in mineralogical exhibits. Modern
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geological museums have introduced interactive
teaching methods, tasks, quizzes, contests and
competitions [25]. An alternative to a physical visit
to a museum or deposit can be a virtual tour specially
created with the help of augmented reality, which has
been well proven in the example of multi-view stereo
photogrammetry [8], but the creation of such tools
requires certain financial costs.

Among the free quality resources, practical
experimentation is also important, as is the search
for and critical analysis of information from different
sources and perspectives, and with different qualities
and statuses. The issues of multidisciplinarity and
engagement with knowledge are key considerations
for science and environmental curricula [24; 25].

Unfortunately, geosciences are rarely found in
the scientific and educational literature and are only
occasionally included in lists of popular science
topics. Existing research shows that children in
middle school (8 to 12 years old) have less interest
in geoscience than children of the same age in
secondary school (11 to 18 years old) [26].

A study conducted in 2018 with a small sample
(17 children aged 6-7) showed that children are able
to classify minerals based on the natural properties
of colour, transparency and luminescence [27].

During the period of COVID-19, we developed
methods for forming the basics of geological
knowledge at home [28].

Thus, the formation of geological knowledge
in students of basic secondary education, which
is inseparably connected with all natural sciences
(physics, chemistry, geography and biology), is an
important interdisciplinary pedagogical problem that
can be solved in non-formal education with the use
of artificial intelligence technologies.

The research goal. This article presents practical
experiences in the development and use of geological
literacy methods. These methods can be used in
formal, non-formal and STEM education.

Research methodology. The relevance of the
studied problem in the context of modern didactic
approaches to the formation of basic geological
knowledge using artificial intelligence technologies
was analysed using the relevant scientific databases
(Scopus, Web of Science, Google Scholar, Research
Gate, Dimensions). Didactic developments of
geological trainings and quests were developed
in the STEM laboratory MAN Lab [28-32] of the
National Centre “Junior Academy of Sciences
of Ukraine” (NC JASU), tested during summer
scientific schools in 2019-2022, at teacher trainings,
seminars, conferences.

Results and discussion. A special feature was
the provision of real gemstones (not of gem quality)
for the children to study, which they were able
to find with their own hands in one of the largest
gemstone deposits in Europe, located near the town
of Khoroshiv in the Zhytomyr region.
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The aim of the project was to introduce children
to the basic concepts and to develop practical skills
of mineral classification in the field. The proposed
methodology was developed during summer schools
held by researchers of the Department of Creation
of Educational and Thematic Knowledge Systems of
the NC JASU in the cities of Chernivtsi, Uzhhorod,
Kremenchuk, Kyiv, Kropyvnytskyi in the period
from 2019 to 2022. Until now, students have not
studied geology specifically and have mostly learned
about minerals and rocks from school materials as
part of the mandatory educational programmes for
the school subjects I Explore the World [33] and
Natural Sciences [34].

Before working directly with the stone material,
the students had the opportunity to watch a training
presentation in the form of a short lecture, which
contained general information about minerals
and rocks: characteristic properties, conditions
of formation, distribution and types of simple
diagnostics (Mohs hardness, line colour, adhesion),
as well as interesting facts, etc. During this part of
the event, the children got to know some samples
of minerals and rocks from among those presented
in virtual form. During this part of the event, the
children got to know some samples of minerals and
rocks from among those presented in virtual form
during the presentation.

The next practical task was carried out by the
children in groups of 4-6 people (depending on the
total number of people in the audience). Each group
received a set of 10 different samples of minerals,
rocks and artificial materials (glass) found in the
territory of the Volyn deposit (Fig. 2), as well as
common objects that could be used as diagnostic
tools (a piece of glass with worked edges, a piece of
vein quartz, a bronze coin and a steel knife, which
was kept by the accompanying teacher and was
available on request). Some of the teaching materials
in the kit with good diagnostic properties were not
of local origin, but were sometimes found in the area
(charcoal, gypsum).

The task was to use the diagnostic materials and a
mobile phone to identify and mark the name of each
sample from the corresponding set. Each member
of the team took turns to work on the samples
independently, exchanging data with the others in the
form of free communication. A special test was used
as a data collection tool. Each of the children had to
fill in a checklist and submit it to the experimenter
for checking (Fig. 3).

The data obtained were processed and summarised
in a table (Table 1), from which the following
conclusions can be drawn.

From the above results we can conclude that
the children perceived the pre-presented specific
geological information well and actively used mobile
applications (Google Lens and Rock Identifier) and
reference materials (Wikipedia, materials in science

o
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Fig. 2. An example of a set of samples for geological research during the summer schools of the NC JASU in 2019-2022:
(1-—glass, 2, 3, 4 —topaz, 5 — citrine (quartz), 6 — rock crystal (quartz), 7 — gypsum, 8 — fluorite, 9 — morion (quartz), 10 — coal)

Task. Using your own observations, your smartphone and the internet, in
particular Google Lens, try to identify the specimen provided, if you know

where it was found.

No. of Name Place of finding:

Khoroshiv, Zhytomyr region

sample

Write down what you think is the likely

name of the mineral or other substance

you found.

As a guide, the table below lists possible definitions.
Make a tick next to the options that you think are most likely.

phenakite goethite morion zmwaldite
topaz rock crystal opal granite
beryl citrine orthoclase amber
fluorite smoky quartz chalcedony glass

Fig. 3. Sample checklist of geological research in the summer schools of the NC JASU 2019-2022

Table 1

Data on the effectiveness of the developed methodology obtained during
the summer schools of the NC JASU 2019-2022

Total questionnaire processed 194
Correct pre-determinations of all available samples 117
Error or no response 57

Correct versions of proposed options (bottom table) 137

Mobile applications and resources used

Google Lens, Rock Identifier Wikipedia, search services

Search keywords

W

Minerals of the Volyn deposit, gemstones, hardness, Mohs
scale, bonding, museum of decorative and precious stones in
Khoroshiv

textbooks, news sites), given their easy and quick
accessibility and their trust in the scientific content.
As a result, we obtained a fairly high percentage
of correct definitions. An important factor is that
working directly with real geological specimens,

especially well-known gemstones, contributed
to the general interest and allowed us to involve
more students in the event. Problems arose due to
the lack of practical experience of the participants
and the less than perfect algorithm for identifying
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minerals in Google Lens. According to the experts
from the Little Academy of Sciences, the algorithms
for identifying plants are more perfect in this sense
(from 55 %).

Another  transdisciplinary ~ methodological
approach developed by the Department of Creation
of Educational and Thematic Knowledge Systems
of the NC JASU is geological quests. These
intellectual competitions are developed using
artificial intelligence, multimedia, real museum
spaces and scientific institutions. They combine
knowledge not only of natural sciences, but also of
history, ecology, economics and other disciplines,
so they can be considered a STEAM approach.

An example is the quest “Wonderful Find”,
which combines elements of the methodology
described above, supplemented by the interaction of
students with specialists and laboratory equipment
of the National Centre of the Academy of Sciences
of Ukraine, the National Museum of Natural History
of the National Academy of Sciences of Ukraine
and the State Gemological Centre of Ukraine and
the Internet.

Conclusions. The use of digital technology and
artificial intelligence has revolutionised the way
children learn about geology and the identification
of minerals and rocks. These cutting-edge tools
have enabled students to interact with the subject
in new ways, making the learning process easier,
more interactive, engaging and fun. One of the key
benefits of digital technologies and Al is their ability
to mimic real-world environments. For example,
interactive tools and applications (Google Earth,
Google Lens, Rock Identifier, etc.) and virtual tours
make geological education more accessible and
inclusive, allowing students to explore geological
formations and mineral deposits from the comfort
of their own homes using 3D models and high-
resolution images. This type of experiential
learning is particularly effective in engaging
learners who are under threat (war, pandemic
restrictions, financial crises, etc.) and helps them
to perceive and retain information. Thanks to the
ability of machine learning algorithms to analyse
large amounts of data and identify patterns and
correlations that are difficult for humans to detect,
this technology can be used to help students identify
different types of minerals based on their physical
properties, such as colour, hardness and density, or
simply their appearance (rock identifier). By using
Al tools, students can identify minerals quickly and
accurately, improving their skills and confidence in
the subject. In summary, the introduction of digital
technologies and artificial intelligence is changing
the way children learn about minerals and identify
minerals and rocks. These tools make learning
more engaging, interactive and accessible, helping
to inspire the next generation of scientists and
explorers.
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MMamenko €Bren, KaHIUAaT EKOHOMIYHHX Hayk,
CTapIIMi HAyKOBHH CMIBPOOITHUK, BiAALN POOOTOTEXHIY-
HHUX CHCTeM, [HCTUTYT MPUKIAJHUX CHUCTEM YIIPaBIiHHS
HAH Vxpaiuun;

HayKOBUH CIHiBPOOITHUK BiJILTy CTBOPEHHS HABYaJIbHO-
TEeMaTHYHUX CHCTeM 3HaHb, HarionanbHuii nenTp «Mana
axkazeMmis Hayk Ykpainm», M. KuiB, Ykpaina

Cainyxina Ipuna, J0KTOpKa TNEJArorivyHUX Hayk,
npodecopka, TOJOBHA HAyKOBa CIIBPOOITHHIS BisTi-
Ty CTBOPEHHS HAaBUAJbHO-TEMATHYHUX CHCTEM 3HaHb,
Hamionanbauii nentp «Mana akajaemis HayK YKpaiHmwy;
TOJIOBHA HAyKOBa CIHIBPOOITHUL BiIALTY MiATPHUMKH
obnmapoBanocti, IHctutyT oOmapoBanoi muruan HAITH
Vkpainu, M. Kuis, Ykpaina

Yepuenubkuii Irop, kaHauaaT negaroriyHux HayK, 3a-
Bi/lyBa4 BiJTily CTBOPEHHS HABYAJIbHO-TEMAaTHUYHHUX CHC-
TeM 3HaHb, HarioHansHuil neHTp «Marna akajemis Hayk
Vkpainn», M. Kuis, Ykpaina

STEM-ITIIXIJT Y HABYUAHHI T'EOT' PA®Ii: BU-
KOPUCTAHHS WITYYHOI'O IHTEJIEKTY JJIsL
BUBYEHHS MIHEPAJIIB I I'TPCBKUX ITOPILJ]

AHoTartis.

Y emammi pozenanymo ponv 2eonociunux snamv y cy-
YACHOMY CYCRiTbCmS ma iXHill 6naue Ha npogecii mai-
oymuvoeo. Iliokpecieno 3pocmaiody nompeoy y 6uguenni
MiHepanis i 2ipcbKux nopio Osk poO3WUPEHHs. THHOBAYil-
HUX MOJICIUBOCMEN Y PISHUX 2AY3AX HAYKU MA MEXHIKU.
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Bucsimneno euxauxu, nog’si3ani 3 6UKIAOGHHAM 2€010-
2IUHO20 KOMNOHEHMA 6 PAMKAX npozpam i3 eeoepagii ma
Kypci «A 00cnioxcyro caimy 6 CepeoHix 3a2anbHOOCEIMHIX
WKONAX, 30KpeMa 6I0CYMHICMb Ceyianizoeanux Kypcis,
HeOOCmamuitl pieeHb NiO20MOBKU GUUMENi8, 3acmapini
HABYATLHO-MEMOOUYHT pecypcll ma 0OMENCeHi MOdIC-
80Cmi 01 NPOGEOEHHsL NONLOBUX Q0CTIOMNCEHb. AHAN3 CY-
YACHUX Q0CTIOJICEeHb NOKA3VE, WO YUPPOGI MexHonoeil 3
LT modcyms cymmeso smiHumu nioxio 00 (opmysanHsi
2€0N02IUHUX 3HAHb Y 3000y6auie ocgimu. Bukopucmanms
maxkux iHempymenmis, sik Google Lens, Google Earth ma
Rock Identifier; 0ac 3moey nposodumu 6ipmyanvHi eKcKyp-
Cil, asmomamu3zo8amny ioeHmugixayiro MiHepanie ma iHme-
paxmuene Hagyanus. Y cmammi npeocmagieno pe3ynvma-
MU NOMBOBUX OOCTIONCEHD, NPOBEOCHUX ) JIMHIX UIKOLAX
HI[ «Mana axademis nayk Yxpainuy, sxi demoncmpyons
eghexmusnicmo inmeepayii LI ¢ oceimmuiu npoyec. 3anpo-
NOHOBAHT MEMOOU BKIIOUAIONY GUKOPUCTNANHS MOOLTLHUX

Cmamms nadituaa 0o peokonoeii 28 momoeo 2025 poky

HAYKA - IPAKTHII ;O

000amkig 0t i0eHmu@ikayii Minepanie y noIbOBUX yMo-
64X, a MAKOJIC 2€ONO2IYHI KBeCmU 3 eleMeHmamy Mylb-
mumedia ma iHmepakmusHoi 63aemodii. Haeonowerno na
HeoOXiOHOCHI B00CKOHANICHHS ANICOPUMMIE PO3NIZHABAHHS
Minepanie ma nooanbulo2o po3gUMKy MexHoN02il Gipny-
anbHOI peanbHocmi Ol NOKPAWEeHH sl 0C8INMHbO20 NPOYEC).
Bucnosku niomeepooicyioms, wo iHmezpayis yu@dposux
mexHonoeiu i LI 6 ceonociuny oceimy cnpuse nioguujen-
HIO 3aYIKAGNEHOCI VUHIG, POSUUPEHHIO 00CmYNY 00 Ha-
BUATLHUX Mamepianie, pooums npoyec HAGYAHHS OLIbUL
saxonaueum ma egexmuenum. Ilooanvuii docriodncenns
OpIECHMOBAHT HA BUKOPUCTAHHS CKAAOHIUUX HABUATLHUX
CUMYISYIU, SIKi  OONOMOJCYMb  NOKPAWUMU  2€0N02IYHY
0ceimy 6 2100aIbHOMY MACUMAOI.

Knrouosi cnosa: ceocpagis; ceonoeis,; kopuchi kona-
JIUHU, WIYYHUL THMENeKm, 2e0N02THHA 0C8Ima, I0eHmu-
Qixayis minepanie;, Google Earth; Google Lens; Rock
Identifier; STEM-ocsima, inmepakmusHe HA8UAHHSL.
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