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ABSTRACT. This article presents the results of the implementation of QR code digitisation in the exhibitions of the Museum of Unique Crystals, the Museum of Geology
and Paleontology, and the Museum of Mineralogy, Petrography, and Mineral Resources at the University of Mining and Geology “St. Ivan Rilski”. The initiative is aimed
atimproving the accessibility, interactivity, and educational value of the three museums. Through QR technology, visitors can access information, high-quality images,
and bilingual descriptions via their smartphones, which brings museums in line with modern digital practices. The indexed exhibitions enrich visitors’ knowledge and
support Earth science education for both university students and amateur audiences. Building on previous digital initiatives, such as virtual tours and information guides,
this innovation contributes to increased visitor engagement. Among the key achievements are the creation of the first specialised exhibition of fluorescent minerals and
the first 3D models of fossils at the university, integrated with QR technology in support of modern STEM-oriented education. The implementation of technology
significantly improves the museum's educational impact, digital accessibility, and its alignment with modern STEM-oriented practices.
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WHTErPUPAHE HA QR KO TEXHOJIOI'NA B EKCNO3WUUMWUTE HA TEONOXKWUTE MY3EW B MMHHO-FEONOXKKU
YHUBEPCUTET ,,CB. UBAH PUJICKK* - CO®UA, BBITTAPUA
Enuya 3apeea, Kamenusi MapuHosa
Murro-2eonoxku yHusepcumem ,Cg. UeaH Puncku®, 1700 Cocpusi

PE3IOME. Hacrosiata ctatus npefctass pesyntatute OT BHeapsBaHeTo Ha QR kof aurvtanusaums B ekcnoavuumnte B Myses Ha yHukanHute kpuctanu, Myaes no
reornorus 1 naneoxTonorms u Myaes no MuHepanorus, netporpacms v nonesku nskonaemu B MunHo-reonoxkn yHusepcutet ,Cs. MeaH Punckun®. MHuumatusarta e
Haco4eHa KbM nofobpsiBaHe Ha AOCTLIHOCTTA, MHTEPAKTMBHOCTTa v 0bpasoBaTenHaTa CTONHOCT Ha TpuTe My3eu. briarogapenue Ha QR TexHonorusTa noceTutenure
MoraT fia nomydaT AOCTBN A0 WH(OPMALWS, BICOKOKAYECTBEHN W300paXeHUs 1 [BYEe3NYHU ONUCAHWS Ype3 CBOMTE CMapT(OHW, KOETO MpuBeXaa MyseuTe B
CbOTBETCTBME CbC CbBPEMEHHNTE AUTUTaNHM NpaKTUK1. MHAeKcupaHuTe ekcnosnum oboraTaeat 3HaHusiTa Ha NOCETUTENUTe U NoANoMaraT 0by4YeHVeTo no Hayku 3a
3emsTa KaKTo 3a CTyfeHTH, Taka 1 3a nobutencka ayantopus. Haarpaxaanky BbpXy NPeAULLIHN AUTUTATHA MHULMATVBI, KAaTO BUPTYasHI Pa3xoaKi 1 MHAOpMaLMOHHM
rMA0BE, Tasn MHOBALMS [OMPUHACS 33 MOBMLLEHA aHraXupaHoCcT Ha nocetutenute. Cpepd KoYoBUTE MOCTUXKEHUS Ca Cb3[aBaHETO Ha MbpBaTa Creumaniavpaqa
n3nox6a Ha chnyopecLeHTH MuHepanu 1 mbpeuTe 3D Mogeny Ha docuny B yHMBepcuTeTa, HTerpupakm ¢ QR TexHomnorusTa B noakpena Ha cbBpemeHHoto STEM-
OopueHTMpaHo obpasoBaHue. BHeapsBaHeTO Ha TexHomorusTa 3HauuTenHo nopobpsiea 0OpasoBaTENHOTO BbL3AENCTBUE HA MY3es, AUruTanHata AOCTBMHOCT M
CbOTBETCTBUETO MY CbC CbBpeMeHHUTe STEM-opueHTupaHm npakTuky.

KntowoBu gymu: QR kop aurutanusauus, STEM obpa3sosanue, My3eitnn ekcnosnumuu, 3D Moaenu, (pryopecLieHTHn MUHeparni.

Introduction via mobile devices, while allowing the integration of text, images,
scientific notes, video, and audio content (Wiliams and
Modern museums strive to combine traditional exhibitions Howarth, 2012).
with innovative digital technologies to provide a more This study examines the application of QR codes in the
accessible, interactive, and educational experience for their geological museums at the University of Mining and Geology
visitors. In the digital age, the expectations for the museum "St. Ivan Rilski". The main goal is to analyse the benefits of
spaces are evolving with visitors seeking not only a visual digital indexing of exhibitions in terms of increasing accessibility
observation of the exhibits, but also access to additional and interactivity, as well as increasing the educational and
information that broadens their understanding of the objects and scientific value of museum collections.

processes presented. In this context, QR (Quick Response)
codes are establishing themselves as an effective tool for

digitising museum collections. The technology is a two- Material and methods
dimensional matrix code created in 1994 by Masahiro Hara for
the Japanese company Denso Wave with an initial commercial In museum practice, QR codes are widely used as a means
and logistical purpose (Koleva, 2013). of digital indexing and expanding information about the
Developed to optimise inventory tracking and manufacturing exhibitions. They represent an effective tool for modernising the
component management processes, QR codes have museum environment (Caballero and Aguilera, 2019).
established themselves as one of the most common modern In exhibition halls, they are located directly on the display
communication and distribution tools, thanks to the functionality cases, providing access to additional content related to the
and capabilities of mobile devices. They are easily accessible variety of rocks, minerals, and fossils displayed. Unlike
through smartphone cameras and are effectively used in various traditional one-dimensional (1D) linear barcodes, QR codes
fields, including education (Tofan, 2017). Their main advantage have a significantly greater information capacity — over 4000
is in providing synthesised, structured, and reliable information characters compared to approximately 20 for conventional ones.
directly to the visitor's personal mobile device. They offer fast, A great advantage is their exceptional reliability and durability,
convenient, and consistent access to rich information content as they can be scanned at different angles thanks to the three
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position markers in their corners and can still be read even if
partially damaged.

Around 2008 - 2009, as a development of the standard
static QR code, the dynamic QR code appeared. Compared to
static QR codes, which contain permanent and unchangeable
information, the dynamic QR codes use a short URL (Uniform
Resource Locator) or unique identifier pointing to an online
resource. After scanning, a user's device first opens an
intermediate link, which subsequently redirects to the
corresponding content. Thanks to this redirection mechanism,
the content or final destination can be changed at the server
level without the need to replace or reprint the QR code itself
(Dix and Jones, 2024).

The methodology for developing and implementing QR
codes in the geological museums at the University of Mining and
Geology "St. Ivan Rilski" is based on the use of static QR codes.
In the future we will most likely switch to using dynamic QR
codes because of their greater flexibility.

The study includes a total of 23 display cases distributed in
three exhibition spaces — 10 display cases in the Museum of
Unique Crystals, 12 display cases in the Museum of Geology
and Paleontology, and 1 display case in the Museum of
Mineralogy, Petrography, and Mineral Resources. The
methodology was developed in five stages (Fig. 1).

Selection
Chosing representative exhibits

Structuring
Organazing information digitally

Generation

Methodology Creating QR links

Implementation
Placing codes on showcases

Nl

Validation
Evaluation visitor engagement

Fig. 1. Methodology for QR-based museum exhibition
digitalisation

First stage

During the first stage, the exhibition units were selected.
Criteria included the scientific significance of the exhibits, visitor
interest, and potential for enriching the digital content. The
selected showcases contain representative mineral, rock and
fossil specimens, which allow supplementing the information
through multimedia resources.

Second stage

In the second stage, the information content is collected
and structured. The methodology for digitising the exhibition
includes the creation of individual QR code for each showcase,
linked to an online digital catalogue. The catalogue contains
structured information about the exhibits, high-resolution
images, and scientific notes. The content is adapted for
accessibility, clarity, and bilingual presentation.
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Third stage

The third stage involves generating QR codes with an
individual code created for each showcase leading to the
corresponding digital content. Static QR codes were used,
generated through the Canva built-in QR code generator. Each
code was tested for functionality, speed of access, and
compatibility with various mobile devices.

Fourth stage

In the fourth stage, the positioning and design of the codes
was carried out. The QR codes were placed directly on the
display cases, allowing visitors to gain immediate access to the
information on site via smartphone. At the same time, the
possibility of remote access for continuing education was also
provided. They were integrated on the display cases through
printed labels, which were consistent with the aesthetics of the
exhibition. Various factors were taken into account when placing
them — height, lighting, and easy recognition by visitors.

Fifth stage

The fifth stage involves pilot testing in a real museum
environment, where visitors' interaction with the QR codes is
monitored. Various indicators are evaluated — frequency of use,
time to access content, level of engagement.

Results and discussion

So far, the technology has been applied in the Museum of
Unique Crystals, where 10 display cases are indexed, each of
which is accompanied by detailed scientific information about
the minerals with high-quality photos (Fig 2a, b). For the
convenience of the visitors, a digital catalogue of the museum
display cases has been created, accessible by scanning on site.
Visitors have access to this information even after leaving the
museum.

Fig. 2. Indexing with QR codes at the Museum of Unique Crystals
a) View of a museum display case with a QR code (red arrow); b)
on-site scanning.

The display cases from the Paleontology collection at the
Museum of Geology and Paleontology include a variety of
fossils, presented and arranged by fossil genera, with the
exhibits accompanied by detailed scientific descriptions
presenting information about the origin, age, and characteristic
features of the organisms under consideration. Along with
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scientific information, the display cases are also accompanied
by three-dimensional models of selected fossils (Fig 3a).

The 3D fossil models were created by scanning selected
specimens using a Revopoint MINI 2 3D scanner. The resulting
data was processed using Revo Scan 5 and uploaded to the
online 3D model sharing and viewing platform Sketchfab. The
platform allows adding textures, animation, and explanatory
notes to the models, making them extremely informative and
suitable for presentation purposes in the museums (Fig. 3b, c).

Fig. 3. Indexing with QR codes in the Museum of Geology
and Paleontology: a) Paleontology exhibition; b) QR codes
embedded with scientific information and 3D models of fossil
exhibits; c) scanning of a fossil specimen.

In connection with the preparation of the scientific
justification for the exhibition dedicated to fluorescent minerals,
analyses of their mineral composition and fluorescence
activators were performed. For this purpose, X-ray diffraction
and spectroscopic methods were applied. The analyses were
conducted at the X-ray powder diffraction laboratory of the
University of Mining and Geology "St. Ivan Rilski” and at the
Institute of Optical Materials and Technologies "Acad. Yordan
Malinovski" at the Bulgarian Academy of Sciences. The results
are included in the text, accompanying the QR code, combined
with photographs under LED and UV (365 mn) light (Fig. 4).

Fig. 4. a) Exhibition of fluorescent minerals at the Museum of
Mineralogy, Petrography, and Minerals, indexed with a QR code;
b) Brochures for the geological museums at the University of
Mining and Geology "St. Ivan Rilski".
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Rotational models (Dollhouse) were created during the
digitisation process, and 3D virtual tours of the museum exhibits
were generated and integrated into the "Virtual Bulgaria" portal.
In this way, visitors are provided with interactive access to the
exhibits, which can also be viewed remotely.

Indexing the museum's fluorescence exhibit using QR
codes provides visitors not only with visual information, but also
with detailed scientific data on fluorescence activators (Fig. 4a).
Analyses were conducted to determine the mineral composition
and fluorescence activators. The results of these studies allow
for the provision of accurate and scientifically based information
on mineral phases and fluorescence activators. In this way, the
exhibit becomes a valuable resource for visitors interested in
mineralogy and physics, and for students and scientists,
facilitating educational and research processes through direct
access to reliable scientific data.

The spread of QR codes extends beyond the museum
space to include websites, social media platforms, and printed
materials such as brochures, flyers, and posters, released in
2024 and 2025 (Fig. 4b). In this way, museums reach a wider
audience, including prospective students and external visitors. It
provides quick and convenient access to information about
museum collections, educational opportunities at the university,
and various areas of Earth sciences.

One of the significant innovations in recent years, which
complements the implementation of QR codes, is the use of
virtual tours in the museums of the University of Mining and
Geology "St. Ivan Rilski" (Marinova et al., 2022). In a previous
project, the exhibits were scanned and presented through 3D
rotational models (Dollhouse), allowing observers to freely
navigate the museum space and view individual parts of the
exhibits with interactive tags in Bulgarian and English. The
virtual tours were integrated into the "Virtual Bulgaria" Internet
portal. Through the generated QR codes, visitors gain direct
access to selected showcases, halls or exhibits during the virtual
visit. Feedback shows that this approach significantly increases
interest in museums and overall attendance.

Indexing museum exhibits through QR codes allows the
integration of physical visits with digital technologies both on site
and remotely. This improves the quality of the museum
experience, stimulates interest in Earth sciences, and
encourages attendance. This approach represents a modern,
technologically advanced, and easily accessible tool for
promoting and interpreting museum collections (Miladinov,
2024). It is aimed at a diverse audience and seeks to generate
sustained interest, personal engagement, and active
participation. In addition to its communication function, the QR
code system plays an essential educational role, providing
quality scientific content, applicable in both face-to-face and
distance or online learning.

The applicability of QR codes in a museum environment can
be defined as a multidimensional category that includes
educational, communication, technological, and management
aspects of museum activities. In the context of the increasing
digital transformation of cultural institutions, QR codes are a
mediator between the physical exhibit and the expanded digital
content. In terms of information, QR codes provide access to
extended descriptions and multimedia resources that go beyond
the limitations of traditional exhibition labels. Extended content
can include video materials, audio guides, interactive
visualisation, 3D models, etc., which increase the degree of
personalisation of the experience. By providing interactive
educational materials, the museum strengthens its pedagogical
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function and stimulates the active participation of visitors in the

learning process (Fig 5).
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Fig. 5. Enchanting visitor experience with digital access

From an accessibility perspective, QR codes significantly
expand museum communications. Through bilingual and
potentially multilingual versions of content, they contribute to
greater social engagement and equal access to exhibits. In this
way, the technology performs not only an informational, but also
a social function within museums.

Implementing QR codes in a museum environment can
reduce costs for printed materials and maintenance of physical
audio guide devices. It provides flexibility in updating content,
which increases organisational efficiency and sustainability of
the museum institution.

In the context of modern museum practices, the
implementation of QR codes is being established as an effective
method for digitisation and enrichment of content. Their
application in the field of providing information about exhibits
allows guidance to expanded text and multimedia resources,

which contributes to a deeper perception by visitors. Resources
are optimised by reducing the need for printed materials, which
has both an economic and environmental effect. The level of
impact in this area can be defined as high (Table 1).

QR technologies also play a significant role in ensuring
bilingual accessibility. By redirecting to translated versions of the
content, prerequisites are created for expanding the
international audience of museums. In turn, this contributes to
increasing cultural exchange, and the impact is defined as high
(Table 1).

The integration of interactive content, such as augmented
reality (AR), including virtual tours and 3D models, is one of the
most significant innovations related to the use of QR codes.
These technologies transform passive observation into active
participation, stimulating engagement and interest in the exhibits
(Pérez-Sanagustin et al., 2016). For this reason, this area is
characterised by a very high level of impact (Table 1).

The presence of QR codes facilitates the collection of
feedback by providing direct access to surveys and evaluation
forms. This allows the systematic accumulation of empirical data
on the user experience. The data obtained could be used for
subsequent analysis and optimisation of museum practices
(Balhaf et al., 2025). Given the activity of visitors, the impact in
this aspect can be defined as medium (Table 1).

In educational terms, QR codes contribute to expanding
learning opportunities by providing additional resources aimed
at students. This supports the integration of museums into the
educational process, while the level of impact remains high. In
the context of STEAM education (Science, Technology,
Engineering, Arts, Mathematics), QR codes are a kind of bridge
between traditional content and interactive digital tools (Table
1). Through them, students gain access to multimedia materials,
virtual demonstrations, 3D models, and interdisciplinary
connections that stimulate participatory learning, promote
critical thinking, creativity, and practical skills (Dressler and Kan,
2018).

Table 1. Applications and impact of QR codes in a museum environment

Application area Additional Advantage for Advantage for Level of
functionality visitors museums impact
Information for the Link to extended Deeper Reduce the need for Hiah
exhibits description, video understanding printed materials g
. Redirection to Accessibility for . .
Bilingual support translated text foreigners Audience growth High
Interactive content AR/3D models, video Engagmg Increasing !nyel,rest in the Very high
experience exhibition
Feedback Link to survey Easy ghgrmg of Data coIIect|.on and Intermediate
opinions analysis
Educational resources Additional materials Educational support Strengthenmg the High
for students educational role
Sharing on the
Social impact Internet and social Remote access Increased publicity High
networks

The social dimension of QR codes is manifested through the
possibilities for easy sharing of content in a digital environment,
including social networks. In addition, the use of QR codes
provides remote access to digital information and museum

content. It also increases the visibility and public recognition of
museum institution, events, and cultural sites, creating a
broader connection with the audience. In this context, the level
of impact is also assessed as high (Table 1).



[oduwHuk Ha MI'Y ,Cs. MeaH Puncku®, Tom 69/2026 / Annual of the University of Mining and Geology “St. Ivan Rilski”, Vol. 69/2026

Conclusions and recommendations

The implementation of QR codes in the geological museums
at University of Mining and Geology "St. Ivan Rilski"
demonstrates significant benefits in terms of accessibility,
interactivity, and educational impact. QR codes allow visitors to
access detailed scientific information, high-quality images and
bilingual descriptions directly through their mobile devices, on-
site and remotely.

Their integration into the digital catalogue and virtual tours
further enhances visitor experience by enabling interactive
exploration and encouraging self-directed learning. The results
of the analyses of the mineral composition and fluorescence
activators of museum exhibits provide scientifically validated
content, making the exhibits a valuable resource for students,
researchers, and the general public. The use of QR codes in
university and museum contexts, combined with virtual tours
and digital catalogs, represents a modern, technologically
advanced, and effective approach to improving museum
accessibility, educational outcomes, and visitor engagement.

The possibility of active interaction with digital content
transforms the traditional model of passive observation into a
more dynamic and interactive one. Longer time spent in front of
exhibits and the frequency of use of digital resources are
interpreted as indicators of increased motivation and interest.
From the point of view of accessibility, QR codes significantly
expand communications in the museum. Through bilingual
versions of the content, they contribute to greater social
engagement and equal access to the exhibits. In this way,
technology performs not only an informational, but also a social
function within museums.

In future, we intend to transition to the use from static QR
codes to dynamic ones due to their greater flexibility and the
possibility of easily updating content without the need to
regenerate the codes. This flexibility in updating content
management will improve the efficiency and sustainability of the
museum institution.

The applicability of QR codes in a museum environment is
not limited to their technological function as a means of quick
access to information. They are a complex tool for educational
media, social engagement, institutional efficiency, and digital
communication, transforming the traditonal museum
experience into a more interactive form that is adaptable to the
modern requirements of visitors.
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