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Abstract: The rapid evolution of digital technologies has deeply changed the functions,
management, and visitor experience of museums worldwide. To meet the demands of an
increasingly digital society, cultural institutions have been forced to innovate and adapt by
incorporating cutting-edge technologies such as virtual reality (VR), augmented reality (AR), mobile
applications, interactive touchscreens, digital archives, artificial intelligence (Al), and virtual tours
to enhance engagement, accessibility, and educational impact. These digital applications allow
museums to deliver immersive and interactive experiences that expand beyond standard display
practices, offering visitors more personalised and meaningful ways to study collections and cultural
narratives. Additionally, digital technologies facilitate the preservation and documentation of
cultural heritage through digitisation, allowing significant artefacts and historical resources to be
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nses/by/4.0/) 1. Introduction

For centuries, museums have been recognised as important cultural institutions,
with a mission to collect, preserve, interpret, and display objects of historical, artistic,
scientific, and social interest. Museums are not just curators of important collections; they
also play a vital role in education, research, community betterment, and tourism, acting as
links between the past and the present that enable societies to preserve collective memories
and facilitate cultural understanding among diverse populations [1][2]. The rapid
development of information and communication technology has changed the operational
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environment of museums, and institutions are increasingly required to adapt to the
changing demands of visitors and technological advances.

The digital age has altered the manner in which people acquire, use, and share
knowledge. Advances in internet connectivity, mobile technology, artificial intelligence,
cloud computing, and immersive media have created new possibilities for communication
and information sharing. Today's audience is not satisfied by passively observing displays;
instead, they actively seek engaging, customised, and immersive experiences [3][4]. Digital
technology has answered these needs with new tools that boost visitor involvement and
deepen the connection with museum exhibits, leading museums worldwide to adopt
digital transformation as a strategic approach to promote accessibility, boost engagement,
and secure institutional sustainability. Museums can employ digital applications to extend
their reach beyond their physical location and communicate with people who may never
actually visit the museum in person [3][4].

Digital transformation in museums refers to the integration of digital technology into
museum functions, exhibition design, collection management, educational programs, and
visitor services. It covers a wide range of technical developments, including digital
databases, virtual exhibitions, mobile applications, augmented reality (AR), virtual reality
(VR), interactive multimedia displays, Al-powered guides, and online collecting platforms
[2]. Rather than replacing real museum experiences, digital applications add to and
enhance them by providing additional layers of insight, interaction, and accessibility,
allowing museums to be recognised as vibrant, technologically advanced educational
environments that encourage ongoing learning and cultural participation.

An important development in the digitisation of museums is the creation of digital
collections and archives — the conversion of physical objects, documents, photographs,
and artworks into digital equivalents that can be stored, preserved, and retrieved
electronically. This process protects fragile and valuable objects from unnecessary physical
contact while enabling researchers, educators, and the public to study collections remotely
[2][4]. Digital archives make it possible to safeguard cultural treasures through large-scale
records that can survive natural disasters, environmental decline, or accidental damage,
and the internet extends access to these archives to global audiences regardless of location,
which is essential to the conservation and promotion of cultural assets in an increasingly
interconnected world [5].

Digital technology has also revolutionised the way museum exhibits and visitor
interactions are conducted. In conventional museum exhibitions, information about
objects was usually provided by static labels and explanatory text — tactics that may be
somewhat effective but may not fully engage today's audiences, who are accustomed to
digital and interactive media. Multimedia technologies, touch-screen interfaces, projection
mapping, and immersive environments are increasingly popular in modern museums,
empowering guests to engage with displays, learn more, and participate in the educational
experience, which raises visitor satisfaction and improves information retention [6].

Among the most important of these technologies are virtual reality (VR) and
augmented reality (AR). Virtual reality allows for the creation of fully immersive digital
environments in which users can experience historic environments, archaeological sites,
and cultural landmarks in three dimensions, gaining insights that may be unavailable
through traditional exhibits alone [4][7]. Augmented reality, by contrast, superimposes
digital information over physical sites and objects, improving visitors' understanding of
items and performances on display through animations, 3D reconstructions, and other
contextual information delivered via wearable devices, phones, and tablets.

Mobile applications constitute another important element of museum digitisation. A
number of museums have developed dedicated applications that act as digital companions
for visitors before, during, and after their visits, offering interactive maps, audio guides,
multilingual content, event details, personalised recommendations, and educational
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materials [4]. The growth of smartphones and mobile internet access has made these
applications an efficient instrument for expanding museum outreach, sustaining
engagement beyond the physical visit, and stimulating repeat visits.

The importance of digital applications in museums became increasingly evident
during the COVID-19 pandemic. The temporary closure of museums worldwide
negatively affected conventional visitor engagement and revenue, prompting institutions
to accelerate their digital operations through virtual exhibitions, online educational
programs, live-streamed events, and digitised collections available online [2]. These
initiatives allowed museums to continue serving their educational and cultural missions
despite physical constraints, confirming the strategic importance of digital innovation and
the need for museums to develop strong digital capabilities for the future.

Digital technologies are also critical to museum administration and operational
efficiency. Collection management systems help museums catalogue, handle, and organise
antiquities more efficiently, while digital repositories improve research efforts, inventory
management, and conservation initiatives. Tools of artificial intelligence and data analytics
provide valuable information on visitor behaviour, preferences, and engagement patterns,
enabling museums to develop targeted exhibitions, more personalised services, and
improved marketing strategies, and thereby supporting data-driven decision-making
across institutional functions [8].

Digital technologies also strengthen the link between museums and cultural tourism.
Museums are among the world's most visited cultural attractions, and digital tools such as
virtual tours, interactive exhibits, and digital storytelling contribute to their attractiveness
and competitiveness by providing unique, memorable experiences that set museums apart
from other attractions. Digital platforms and social media further enable museums to
display their collections to global audiences, strengthening the link between museums,
tourism development, and destination competitiveness [9].

Despite these benefits, several barriers remain to the long-term sustainability of
museum digitalisation. Financial constraints are the most significant obstacle, particularly
for smaller and medium-sized museums with limited resources, since significant
investment in hardware, software, infrastructure, and staff is often needed to acquire,
maintain, and upgrade digital technologies [2]. Museums must also address data
protection, cybersecurity, and technological obsolescence, and must ensure that sensitive
information and digital collections are adequately protected against cyber threats and data
loss.

Human-resource challenges also limit the efficiency of museum digital
transformation. Implementing digital technologies requires staff to acquire technical skills,
digital proficiency, and the ability to adapt to fast-changing technological settings, and
many museums struggle to find and retain personnel with expertise in digital media,
information technology, and data management [10]. Continuous education and
professional development are therefore crucial to ensuring that museum staff can make
the most of digital resources, and institutional reluctance to change can pose an additional
obstacle in organisations with long-established procedures.

A further barrier concerns the digital divide: digital technologies, although capable
of extending access to cultural heritage, are not equally available to all individuals, since
some lack access to devices, internet connectivity, or the technological literacy required to
make use of them [2]. Museums must therefore pursue inclusive strategies to ensure that
digital projects improve rather than diminish accessibility, balancing technological growth
with the participation of people from all walks of life.

A growing body of scholarship examines the theoretical foundations of museum
digitalisation. The Technology Acceptance Model (TAM), which holds that perceived
usefulness and perceived ease of use largely determine whether new technology is
adopted, has frequently been applied to explain why visitors engage — or fail to engage
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— with digital museum tools [11]. Complementary perspectives drawn from diffusion-of-
innovation and constructivist learning theory emphasise that technologies perceived as
compatible with an institution's goals, and that support active, experience-based
participation, are adopted more successfully and yield deeper educational outcomes [12].
Building on the Experience Economy framework, scholars further argue that
contemporary visitors increasingly seek memorable experiences rather than passive
consumption, which explains why museums have progressively adopted immersive and
interactive technologies as a strategic priority [13][14].

The literature also converges on digitisation — the conversion of physical artefacts
into high-resolution digital records — as a central strategy for cultural heritage
preservation, noting that it protects fragile objects from physical handling, enables large-
scale archival redundancy against disaster and decay, and extends access to global
audiences who cannot visit collections in person [15][16]. Advances in three-dimensional
scanning and modelling have particularly strengthened these capacities, enabling highly
detailed reproductions that support research, conservation planning, and the virtual
reconstruction of damaged or inaccessible heritage sites [17]. At the same time, researchers
caution that sustaining digital preservation requires ongoing investment in infrastructure,
storage, and format compatibility, since data can become inaccessible as technology
evolves.

Related studies on virtual museums — internet-based platforms that let users access
collections and exhibitions independently of physical geography — show that such
platforms complement rather than replace physical visits, and that they proved especially
valuable during the COVID-19 pandemic in sustaining public engagement when physical
museums were closed [18][19]. Virtual and online exhibitions are also credited with
improving accessibility for visitors with mobility, financial, or geographic constraints,
although researchers note that they cannot fully replicate the authenticity and emotional
resonance of encountering original artefacts in person [20].

Within immersive technologies specifically, augmented reality (AR) research
emphasises its capacity to merge digital and physical experience without displacing the
authenticity of original objects, offering visitors customised, interest-driven information
layers that have been shown to increase engagement and ease of learning [21]. Virtual
reality (VR) research similarly documents gains in engagement and knowledge retention
through active, experiential learning, and highlights VR's potential to preserve access to
heritage sites threatened by decay, conflict, or environmental risk, while also cautioning
that high development costs and the risk of over-immersion detaching visitors from real
collections require careful interpretive planning [22][23].

Studies of mobile and smart-museum systems report that dedicated applications —
offering digital maps, audio guides, multilingual content, and personalised
recommendations — increase visitor autonomy and satisfaction, while the integration of
Internet-of-Things sensors, artificial intelligence, and real-time analytics into “smart
museum” infrastructure supports both visitor-facing personalisation and internal
operational efficiency, including Al-powered chatbots that provide instant, tailored
assistance [24][25][26]. Taken together, this body of work indicates that digital applications
reshape not only how visitors experience museums but also how museums are
administered, positioning digital transformation as a strategic rather than purely technical
undertaking [27].

From this viewpoint, the digital transformation of museums has become a relevant
matter of debate among scholars and practitioners, who broadly agree that digital
technology creates new opportunities to engage diverse audiences, aid education, improve
accessibility, and conserve cultural assets, while financial constraints, technological
complexity, staff-training requirements, and cybersecurity concerns continue to shape the
pace and depth of adoption. The aim of this paper is to examine the digital applications
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used by contemporary museums, the benefits and limitations associated with them, and
their future potential, so as to better understand how museums can successfully manage
the challenges and opportunities of the digital era [28]. This is achieved by investigating
the impact of digital innovation on accessibility, education, cultural preservation, and
visitor satisfaction, with the outcomes of this study underscoring the growing importance
of technology as a strategic resource for transforming museums into more accessible,
participative, and internationally connected cultural institutions.

2. Materials and Method

This research adopts a qualitative literature review approach to examine the use of
digital technology in museums and its implications for visitor experience, cultural heritage
protection, education, and tourism growth. The qualitative approach was chosen because
it allows for a comprehensive synthesis of existing information, theoretical perspectives,
and practical applications relating to museum digitisation. The objective of the study is to
understand thoroughly how digital technologies have changed the operations and services
of museums; the study does not collect primary data but draws on and synthesises findings
reported in previous peer-reviewed research and institutional sources.

3. Results

The synthesis of the reviewed literature identifies five principal areas in which
digital applications have measurably reshaped museum practice: visitor experience,
cultural heritage preservation, education and learning, museum administration, and
cultural tourism. Each is summarised below, followed by the main challenges reported
across studies.

A. Enhancement of Visitor Experience

Across the reviewed studies, the introduction of interactive digital applications is
consistently associated with higher visitor engagement and satisfaction than static, label-
based exhibition formats. Touch-screen displays, digital storytelling tools, and multimedia
presentations were found to transform visitors from passive viewers into active
participants who explore, interact with, and interpret exhibit content, resulting in more
personal, memorable, and educational visits [29]. Virtual reality applications were
reported to let visitors explore reconstructed historical settings and archaeological sites
with a depth of engagement unattainable through conventional exhibits, improving both
emotional connection and information retention [30]. Augmented reality was found to
deliver comparable benefits while keeping the physical artefact at the centre of the
encounter, allowing visitors to view reconstructed or damaged objects and contextual
historical scenes without displacing the original display [31].

B. Cultural Heritage Preservation and Digitisation

Digitisation — including high-resolution imaging and three-dimensional scanning
— emerged across the literature as a practical safeguard against artefact degradation,
environmental risk, and disaster, producing durable digital records that retain the visual,
historical, and contextual information of collections even where original objects are
damaged or lost [32]. Studies further report that digitised collections widen public access
to materials that would otherwise remain inaccessible because of conservation constraints
or limited display space, while minimising the physical handling of fragile items [33].
Three-dimensional reconstructions of monuments and archaeological sites damaged by
disaster, conflict, or environmental degradation were found to provide valuable records of
original appearance and significance, supporting both scholarly research and public
exhibition [34].
C. Educational Impact and Lifelong Learning

The reviewed studies report that digital applications broaden museum education by
accommodating diverse learning preferences through interactive exhibitions, multimedia
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materials, virtual simulations, and mobile learning tools that encourage active rather than
passive engagement. This effect is consistent with constructivist learning theory, which
links self-paced, hands-on interaction with improved motivation, comprehension, and
information retention, particularly among younger visitors [35]. Digital platforms were
also found to extend museum learning beyond the physical site, giving students,
researchers, and international audiences ongoing access to museum resources and
positioning museums as increasingly global learning venues.

D. Museum Administration and Operational Efficiency

Digital collection-management systems were reported to improve the cataloguing,
tracking, and organisation of objects, reducing administrative burdens and increasing
information accuracy, while enabling researchers and staff to share information more
effectively within and beyond the institution [36]. Data analytics and artificial intelligence
tools were found to generate actionable insight into visitor behaviour and preferences,
supporting evidence-based decisions on exhibition design, staffing, and engagement
strategy [37]. The emergence of “smart museum” systems — integrating Internet-of-
Things sensors, artificial intelligence, and real-time analytics — illustrates that digital
transformation extends beyond visitor-facing applications into environmental monitoring,
artefact surveillance, and institutional performance management.

E. Cultural Tourism and Destination Development

Digital applications were consistently linked to increased museum attractiveness
and competitiveness within the tourism sector. Interactive displays, immersive
technologies, and digital storytelling were found to create memorable experiences that
support positive word-of-mouth and repeat visitation, while online platforms and social
media extend a museum's visibility to prospective visitors during trip planning [38]. Social
media channels in particular were shown to sustain audience relationships beyond the
physical visit, building community participation and institutional exposure through user-
generated and curated content [39][40].

F. Barriers to Digital Transformation

Across the reviewed literature, four recurring barriers were identified. First, financial
constraints limit the ability of smaller and medium-sized museums to acquire, maintain,
and upgrade digital infrastructure. Second, workforce limitations — including shortages
of staff skilled in information technology, digital media, and data management —
constrain implementation quality and continuity. Third, cybersecurity risk was reported
as an increasingly prominent concern as museums expand their reliance on digital
databases, online platforms, and cloud storage, exposing institutional and visitor data to
breach and loss [41]. Fourth, the digital divide — unequal access to devices, connectivity,
and digital literacy among elderly, low-income, and rural populations — was found to risk
undermining the inclusivity that digital transformation is intended to promote.

4. Discussion

The findings reported in Section III indicate that digital technology has been a
transforming factor in the museum sector, influencing virtually every facet of museum
functioning, visitor interaction, heritage conservation, education, and tourism promotion.
The function of museums has shifted from storage facilities for tangible artefacts toward
dynamic, technologically sophisticated spaces that promote learning, inclusivity, and
cultural participation, allowing museums to respond to changing visitor expectations,
technical improvements, and the growing demand for accessible cultural experiences
[27][42].

The enhancement of visitor experience documented in the results is consistent with
the theoretical expectation, drawn from the Experience Economy framework and
constructivist learning theory, that audiences increasingly value active participation over
passive observation. Museums able to skilfully employ interactive and immersive
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technology therefore appear better positioned to attract and retain visitors in an
increasingly competitive cultural and tourism sector [29]. At the same time, the persistence
of authenticity concerns in the literature — the risk that heavy reliance on digital layers
could overshadow physical collections or tip experiences toward entertainment rather
than interpretation — suggests that digital applications are most effective when designed
to complement, rather than substitute for, direct engagement with original artefacts [23].

The preservation-related findings reinforce the view that digitisation serves a dual
purpose: safeguarding fragile heritage against physical risk while simultaneously
expanding public access to it. This dual function positions digital preservation as central
to the long-term sustainability of cultural resource management, though the literature is
equally clear that maintaining accessible, functional digital archives requires sustained
financial and technical investment rather than a one-time digitisation effort [16].

The administrative and tourism-related findings suggest that digital transformation
in museums is not confined to the visitor-facing layer but extends into institutional
operations and destination competitiveness. Data-driven decision-making, enabled by
collection-management systems and visitor analytics, appears to strengthen museums'
capacity to plan exhibitions and allocate resources strategically [8], while digital
storytelling and social media engagement extend a museum's reach into cultural tourism
markets well beyond its physical footprint [9][43].

The barriers identified in the results — funding, workforce capacity, cybersecurity,
and the digital divide — point to a consistent conclusion across the reviewed studies: the
benefits of digital transformation are not automatically or equally realised, and institutions
with limited resources risk falling further behind better-funded peers unless supported by
targeted investment and inclusive design policies [10][44]. This has direct implications for
smaller regional museums, which the literature suggests may benefit most from cost-
effective, phased approaches to digital adoption rather than attempting comprehensive
transformation at once [45].

Looking ahead, the literature converges on the expectation that artificial intelligence,
the Internet of Things, digital twins, blockchain, and the metaverse will further reshape
museum experiences and operations, offering opportunities for greater personalisation,
improved collection management, enhanced accessibility, and more immersive cultural
experiences [46][47]. These developments point toward museums increasingly functioning
as hybrid institutions that combine physical and digital environments to serve the
expectations of contemporary audiences while conserving cultural content for future
generations.

5. Conclusion

The fast-paced development of digital technology has drastically changed the
museum field, altering the methods used to preserve, interpret, and share cultural heritage
with a wide range of audiences: traditionally, museums were mostly physical institutions
that collected, conserved, and exhibited objects of historical, cultural, scientific, and artistic
value, but the growing incorporation of digital applications — including virtual reality,
augmented reality, digital archives, mobile applications, virtual tours, artificial
intelligence, and interactive multimedia systems — has extended their role beyond
physical confines, allowing them to become more interactive, accessible, visitor-centred,
and sustainable institutions. Digital transformation has become a key strategy for
museums, driven by shifting visitor expectations, technological development, and
changing requirements for cultural connection, serving as a useful tool for conserving
collections against decay, environmental risk, and limited physical access while widening
public engagement with historical resources for scholars, students, researchers, and the
general public regardless of physical location; digital technologies have likewise
strengthened museum teaching by accommodating diverse learning preferences and
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creating more flexible educational environments that supplement, rather than replace,
traditional physical visits, and have reinforced the connection between museums and
tourism development, as immersive digital experiences make museums more attractive to
travellers seeking meaningful cultural encounters, boosting destination marketing and
generating economic benefit for host communities. At the same time, significant challenges
remain, including limited budgets, cybersecurity risk, technological complexity, and the
persistent need for staff training, all compounded by the digital divide that limits equitable
access to technology and the internet, making it essential for museums to establish
inclusive policies that make digital advancements available across a wide range of socio-
economic groups through sustained investment, organisational commitment, and
coordinated work among museum staff, technical specialists, educators, and government
agencies. Emerging technologies such as artificial intelligence, machine learning, digital
twins, the Internet of Things, mixed reality, and the metaverse are expected to further
revolutionise museum experiences and operations, offering opportunities for greater
personalisation, improved collection management, enhanced accessibility, and more
immersive cultural experiences; overall, the impact of digital applications on
contemporary museums has been broad, encompassing the enhancement of visitor
interaction, the preservation of cultural heritage, the expansion of educational
opportunities, the improvement of accessibility, and the promotion of tourism growth, and
museums that embrace digital innovation appear better positioned to meet society's
changing needs, reach diverse audiences, and safeguard cultural heritage in sustainable
and meaningful ways, with continued adoption of digital technologies likely to determine
the ongoing relevance, diversity, and adaptability of museums in an increasingly
connected and technology-driven society.
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