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Abstract

Museums are increasingly adopting digital technologies to enhance heritage preservation,
visitor engagement, and cultural tourism. The emergence of smart museums—institutions
that integrate artificial intelligence (Al), the Internet of Things (l0T), augmented reality (AR),
virtual reality (VR), digital archives, and data-driven visitor management—has fundamentally
transformed museum practice worldwide. While leading institutions such as the Smithsonian
Institution and the British Museum have embraced digital innovation to expand accessibility
and immersive learning, many museums in developing countries continue to face
technological and infrastructural limitations. In Nigeria, the Oron Museum in Akwa lbom
State and the National Museum Calabar in Cross River State possess globally significant
collections relating to maritime history, indigenous artistic traditions, Efik culture, and
colonial encounters. However, these museums remain constrained by limited digitisation,
weak technological infrastructure, low visitor engagement, and insufficient integration with
tourism and the creative economy. Taking a cue from the Smithsonian Institution and the
British Museum, this paper proposed the Smart Museum Digital Ecosystem Framework
(SMDEF) as a context-specific model for repositioning Oron and Calabar as heritage-tourism
hubs in West Africa. Drawing on Smart Heritage Theory, Experience Economy Theory, and
Cultural Tourism Development Theory, the study adopted a qualitative library-based
approach to develop a framework that integrates digital collection infrastructure, immersive
interpretation systems, intelligent visitor analytics, tourism corridor development, and
creative economy networks. Practical illustrations demonstrate how technologies such as
QR-coded exhibitions, Al-powered visitor services, 3D artefact scanning, augmented reality
storytelling, and virtual museum platforms can transform visitor experiences while
promoting cultural preservation and sustainable tourism. The paper concluded that digital
transformation is no longer optional but essential for the competitiveness of Nigerian
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museums in the global heritage economy. It recommended strategic investments in digital
infrastructure, institutional partnerships, innovative financing mechanisms, and capacity
building to establish Oron and Calabar as leading centres of smart cultural tourism in West
Africa.

Keywords: Smart Museums, Digital Heritage, Cultural Tourism, Oron Museum, National
Museum Calabar, Immersive Technology, Augmented Reality, Creative Economy, Museum
Innovation, Smart Museum Digital Ecosystem Framework (SMDEF).

Introduction

The digital revolution has fundamentally transformed how cultural heritage is preserved,
interpreted, and experienced across the world. Museums, once regarded primarily as
repositories of historical artefacts, have evolved into interactive learning environments that
combine physical collections with digital technologies to create immersive and engaging
visitor experiences. Contemporary museum practice increasingly incorporates artificial
intelligence (Al), augmented reality (AR), virtual reality (VR), three-dimensional (3D)
digitisation, cloud-based archives, mobile applications, and data analytics to improve
accessibility, education, conservation, and tourism (International Council of Museums
[ICOM], 2022). These developments have given rise to the concept of the smart museum,
which integrates digital innovation into every aspect of museum management and visitor
engagement. Globally, leading museums have demonstrated the transformative potential of
digital technologies. The Smithsonian Institution in the United States has digitised millions of
artefacts through its Open Access initiative, enabling researchers, educators, and the general
public to access high-quality digital collections from anywhere in the world. Likewise, the
British Museum employs interactive digital platforms, virtual exhibitions, and mobile
technologies to enhance visitor interpretation and global accessibility. These innovations
illustrate how museums can transcend physical boundaries to become globally connected
centres of education, research, and cultural exchange (Parry, 2021). The COVID-19 pandemic
further accelerated digital transformation across the museum sector. During periods of
restricted physical access, museums increasingly relied on virtual exhibitions, online
educational programmes, digital storytelling, and social media engagement to maintain
relationships with audiences. This experience demonstrated that digital technologies are no
longer supplementary tools but essential components of contemporary museum practice
(UNESCO, 2021). Consequently, museum innovation now extends beyond conservation to
include digital participation, smart tourism, audience analytics, and creative economy
integration.

Nigeria possesses extraordinary opportunities to benefit from this global
transformation. With its rich cultural diversity, historical heritage, and growing digital
economy, the country is well positioned to develop technology-enabled museums that serve
both domestic and international audiences. Nevertheless, many Nigerian museums remain
characterised by limited digitisation, ageing exhibition infrastructure, inadequate
technological capacity, and relatively low visitor engagement (Okpoko & Ezeadichie, 2021).
These challenges reduce their competitiveness within the rapidly expanding global cultural
tourism market. Among Nigeria's most culturally significant heritage destinations are Oron in
Akwa Ibom State and Calabar in Cross River State. Oron is internationally recognised for its
maritime traditions, the celebrated Ekpu ancestral figures, indigenous wood-carving heritage,
and distinctive artistic culture. The Oron Museum preserves collections of considerable
ethnographic and historical importance that document the identity and cultural evolution of
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the Oron people. Calabar, by contrast, occupies a unique place in Nigerian history as an
ancient trading centre, a major Atlantic slave trade port, an early Christian missionary
settlement, and a colonial administrative headquarters. The National Museum Calabar
safeguards important collections relating to Efik culture, archaeology, colonial history, and
maritime commerce, while the city itself hosts the internationally renowned Calabar Carnival.
Despite these remarkable cultural assets, both museums continue to operate largely within
conventional exhibition models characterised by static displays, limited interactive
interpretation, and insufficient technological integration. Visitors often encounter artefacts
presented behind glass cases with minimal opportunities for immersive engagement,
personalised learning, or digital interaction. In addition, museum activities remain weakly
connected to broader tourism attractions such as Tinapa Business Resort, Marina Resort,
cultural festivals, craft villages, and creative industry networks. These limitations reduce
visitor satisfaction, tourism expenditure, and the overall contribution of museums to local
economic development. Recent scholarship increasingly argues that the future
competitiveness of museums depends upon their ability to embrace smart heritage
technologies. Smart museums employ interconnected digital systems to improve collection
management, visitor engagement, accessibility, security, marketing, and institutional
decision-making (Stylianou-Lambert et al., 2023). Technologies such as Al-powered virtual
assistants, Internet of Things (loT) sensors, augmented reality heritage interpretation, virtual
reality historical reconstructions, and mobile visitor analytics enable museums to create
personalised experiences while generating valuable data for continuous improvement.

For Oron and Calabar, digital transformation offers an opportunity to overcome
longstanding infrastructural challenges by leapfrogging traditional models of museum
development. Rather than competing solely through physical expansion, these museums can
utilise digital technologies to increase international visibility, attract younger audiences,
preserve vulnerable collections, strengthen educational outreach, and support heritage-
based entrepreneurship. For example, visitors could use smartphones to scan QR codes
attached to artefacts and immediately access multilingual historical narratives, three-
dimensional visualisations, oral testimonies from community elders, and interactive maps
illustrating historical trade routes. Similarly, virtual reality experiences could reconstruct
nineteenth-century Old Calabar or simulate Oron's maritime heritage, enabling visitors to
experience history rather than merely observe historical objects. Digital innovation also
aligns closely with the broader objectives of cultural tourism development. Contemporary
tourists increasingly seek memorable, authentic, and interactive experiences rather than
passive observation (Pine & Gilmore, 2019). Museums capable of integrating immersive
storytelling with local festivals, creative industries, gastronomy, performing arts, and
heritage sites are more likely to attract repeat visitation, encourage longer tourist stays, and
generate higher economic returns for host communities. Consequently, smart museum
development should be understood not simply as technological modernisation but as a
comprehensive strategy for sustainable cultural tourism and regional economic
diversification. Against this background, this paper proposes the Smart Museum Digital
Ecosystem Framework (SMDEF) as an original model for digitally transforming museum
practice in Oron and Calabar. The framework integrates smart heritage technologies,
immersive storytelling, visitor intelligence systems, creative economy partnerships, and
tourism corridor development into a unified strategy capable of repositioning both cities as
leading heritage-tourism destinations in West Africa. The paper is guided by four objectives:
i. To examine the relevance of digital transformation in contemporary museum practice.
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ii. To analyse the technological and institutional challenges affecting museum
development in Oron and Calabar.

iii. To develop the Smart Museum Digital Ecosystem Framework (SMDEF) as a practical
model for digital museum innovation.

iv. To recommend policy strategies that integrate museums with cultural tourism, digital
heritage, and the creative economy.

By advancing a contextually grounded digital transformation framework, this study
contributes to emerging scholarship on smart museums, digital heritage management, and
cultural tourism innovation in Africa. It argues that the future sustainability of museums in
Oron and Calabar depends not only on preserving valuable collections but also on harnessing
digital technologies to create inclusive, immersive, and economically productive heritage
experiences. Such a transformation would reposition both cities as competitive cultural
innovation clusters while strengthening heritage preservation, education, and sustainable
development within Nigeria and the wider West African region.

Literature Review and Conceptual Framework

Digital transformation has become one of the defining characteristics of twenty-first-century
museum development. The traditional perception of museums as static repositories of
artefacts has gradually shifted towards viewing them as interactive knowledge centres that
integrate technology, education, tourism, and community engagement. Advances in artificial
intelligence (Al), the Internet of Things (loT), augmented reality (AR), virtual reality (VR),
cloud computing, big data analytics, and digital preservation have enabled museums to
enhance visitor experiences while improving heritage conservation and institutional
management (International Council of Museums [ICOM], 2022). Consequently, the concept
of the smart museum has emerged as a new paradigm for museum innovation, positioning
museums as digitally connected institutions capable of responding to contemporary
educational, cultural, and economic needs. Globally, leading museums have embraced digital
innovation to improve accessibility and audience engagement. The Smithsonian Institution's
Open Access programme has digitised millions of artefacts for worldwide access, while the
British Museum employs virtual exhibitions, digital catalogues, and interactive mobile
applications to enrich visitor learning (Parry, 2021). These developments illustrate that
digital transformation extends beyond technological adoption to include new forms of
storytelling, collaborative learning, and cultural participation. For museums in Oron and
Calabar, digital innovation presents an opportunity to overcome infrastructural limitations
while increasing international visibility, supporting cultural tourism, and strengthening
heritage preservation. This section reviews the major scholarly perspectives underpinning
smart museum development and establishes the conceptual foundation for the proposed
Smart Museum Digital Ecosystem Framework (SMDEF).

Smart Heritage Theory: Smart Heritage Theory represents one of the most influential
perspectives on contemporary museum innovation. The theory argues that cultural heritage
institutions should integrate emerging digital technologies into heritage management,
conservation, interpretation, and visitor engagement to improve efficiency, accessibility, and
sustainability (ICOMOS, 2021). Unlike traditional museums that rely primarily on physical
exhibitions, smart museums combine physical and digital environments to create interactive
learning experiences. Technologies such as artificial intelligence, Internet of Things sensors,
cloud computing, augmented reality, virtual reality, geographic information systems, and
three-dimensional digital documentation enable museums to preserve collections while
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making heritage accessible to wider audiences. A practical illustration is the Smithsonian
Institution, which has developed extensive digital collections that allow researchers and
visitors worldwide to explore artefacts through high-resolution images and three-
dimensional models. Similarly, the British Museum provides virtual gallery tours and digital
learning resources that extend museum experiences beyond physical visits. Applying Smart
Heritage Theory to Oron and Calabar would involve creating digital repositories of the Ekpu
ancestral sculptures, Efik cultural artefacts, colonial documents, and maritime heritage
collections. Visitors could access additional information through QR codes, mobile
applications, and multilingual digital guides, while scholars worldwide could study collections
remotely through secure online databases. Such technological integration improves
conservation, increases educational accessibility, and strengthens international collaboration
while preserving fragile cultural materials.

Experience Economy Theory: The Experience Economy Theory, developed by Pine and
Gilmore (2019), argues that modern consumers increasingly seek memorable experiences
rather than simply purchasing products or services. Within tourism and cultural heritage,
visitors desire emotional engagement, authentic storytelling, participation, and immersive
learning rather than passive observation. This theory has significantly influenced museum
development worldwide. Rather than displaying artefacts behind glass accompanied only by
descriptive labels, contemporary museums increasingly employ interactive exhibitions,
multimedia installations, augmented reality, immersive theatre, digital storytelling, and
participatory learning activities. For Oron Museum, Experience Economy Theory suggests
that visitors should experience the history of Oron rather than merely observe artefacts. For
example, a virtual reality installation could recreate a nineteenth-century fishing expedition,
allowing visitors to experience traditional maritime life through immersive digital technology.
Similarly, visitors to the National Museum Calabar could explore a digitally reconstructed Old
Calabar settlement using augmented reality. By scanning designated locations with
smartphones or smart glasses, they could visualise colonial-era streets, trading activities,
missionary encounters, and indigenous Efik communities while listening to historical
narratives narrated in multiple languages. Such experiences create stronger emotional
connections between visitors and heritage, increasing visitor satisfaction, repeat visitation,
and positive destination branding.

Cultural Tourism Development Theory: Cultural tourism has become one of the fastest-
growing sectors of the global tourism industry. According to UNESCO (2021), heritage
resources—including museums, festivals, historic architecture, performing arts, and
indigenous traditions—represent important drivers of sustainable tourism and local
economic development. Cultural Tourism Development Theory argues that successful
heritage destinations integrate museums with complementary attractions such as festivals,
craft markets, gastronomy, creative industries, performing arts, and historic landscapes.
Museums therefore function as central components within broader tourism ecosystems
rather than isolated cultural institutions. This perspective is particularly relevant to Oron and
Calabar. Calabar already possesses internationally recognised tourism assets, including the
Calabar Carnival, Marina Resort, Tinapa Business Resort, colonial architecture, and diverse
Efik cultural festivals. However, museum visitation remains relatively disconnected from
these attractions. Likewise, Oron possesses exceptional maritime heritage, renowned wood-
carving traditions, riverine landscapes, seafood culture, and artistic communities that remain
underutilised within tourism planning. A smart museum strategy would therefore establish

83



integrated heritage tourism corridors linking museums with nearby attractions. Visitors
could purchase a single digital tourism pass granting access to museums, heritage sites,
cultural performances, local craft villages, restaurants, and guided historical tours. Such
integration would increase visitor spending while creating employment opportunities across
multiple sectors of the local economy (Okpoko & Ezeadichie, 2021).

Digital Storytelling and Immersive Heritage Interpretation: Digital storytelling has become
an essential component of contemporary museum practice because it enables museums to
communicate complex historical narratives through interactive multimedia rather than static
exhibition texts. Modern museums are therefore increasingly employing: augmented reality
(AR); virtual reality (VR); holographic projections; interactive touchscreens; digital animation;
artificial intelligence-guided tours; immersive soundscapes. These technologies transform
museum visitors from passive observers into active participants within historical narratives
(Macdonald, 2022). For example, instead of displaying a traditional canoe inside Oron
Museum with only a written label, visitors could activate an augmented reality application
that demonstrates how the canoe was constructed, launched, and used in historical fishing
expeditions. Audio recordings from community elders could explain indigenous maritime
traditions while animated maps illustrate historical trading routes across the Cross River
estuary. Similarly, the National Museum Calabar could create virtual reconstructions of the
Atlantic slave trade period, allowing visitors to explore historical environments while
engaging with multiple perspectives—including those of Efik traders, European merchants,
missionaries, and enslaved Africans. Such balanced interpretation promotes historical
understanding while encouraging critical reflection on difficult heritage.

Conceptual Framework: The Smart Museum Digital Ecosystem Framework (SMDEF)

Drawing from Smart Heritage Theory, Experience Economy Theory, and Cultural Tourism

Development Theory, this study proposes the Smart Museum Digital Ecosystem Framework

(SMDEF) as an integrated model for museum transformation in Oron and Calabar. The

framework rests on five interconnected components:

i. Digital Collection Infrastructure through 3D scanning, digital archives, cloud-based
collection management, and QR-coded exhibitions.

ii. Immersive Visitor Experience using augmented reality, virtual reality, interactive
storytelling, multilingual mobile applications, and Al-powered museum guides.

iii. Tourism Corridor Integration linking museums with Tinapa Business Resort, Marina
Resort, Calabar Carnival venues, Oron waterfronts, craft villages, and cultural festivals.

iv. Intelligent Visitor Analytics employing mobile ticketing, Al-assisted visitor feedback
systems, heat mapping, and data-driven planning to improve museum services and
marketing.

v. Creative Economy Networks connecting museums with filmmakers, theatre
practitioners, fashion designers, musicians, artisans, digital content creators, and
cultural entrepreneurs to stimulate innovation and employment.

Together, these components transform museums from static exhibition spaces into digitally
connected cultural innovation hubs that support education, tourism, entrepreneurship, and
sustainable regional development. The next section applies this framework to Oron and
Calabar by developing practical strategies for smart museum implementation, digital tourism
integration, and economic transformation through the proposed Smart Museum Digital
Ecosystem Framework (SMDEF).
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Smart Museum Digital Ecosystem Framework (SMDEF)

The transition from conventional museums to smart museums requires more than the
acquisition of digital technologies. It demands an integrated framework that combines
technological innovation, heritage conservation, cultural tourism, creative industries, and
intelligent governance into a unified system. To achieve this objective, this paper proposes
the Smart Museum Digital Ecosystem Framework (SMDEF) as a context-specific model for
transforming the Oron Museum and the National Museum Calabar into digitally enabled
heritage centres capable of supporting sustainable tourism and regional economic
development. The SMDEF consists of five interconnected pillars that reinforce one another
to create a dynamic heritage ecosystem.

Digital Collection Infrastructure: The foundation of every smart museum is a comprehensive
digital collection management system. This involves digitising museum collections using
high-resolution photography, three-dimensional (3D) scanning, cloud-based databases, and
digital cataloguing. Digital preservation protects fragile artefacts against deterioration while
expanding access for researchers, students, tourists, and diaspora communities (UNESCO,
2021). For Oron Museum, digitising the renowned Ekpu ancestral figures, traditional masks,
fishing implements, and maritime artefacts would preserve valuable cultural resources for
future generations. Each artefact could be accompanied by QR codes providing visitors with
historical information, oral narratives, conservation records, videos of traditional carving
techniques, and multilingual interpretations in English, Oron, Efik, and French. Similarly, the
National Museum Calabar could digitise colonial records, archaeological collections, Efik
cultural artefacts, missionary archives, and historical photographs, creating a comprehensive
online repository accessible to researchers worldwide. Such digital infrastructure would also
facilitate collaborative research with universities and international heritage institutions.

Immersive Interpretation Systems: Modern museum visitors increasingly expect engaging
and interactive experiences rather than passive observation of display cases. Consequently,
SMDEF advocates the integration of immersive technologies such as augmented reality (AR),
virtual reality (VR), holographic displays, interactive touchscreens, and artificial intelligence-
powered museum guides (Macdonald, 2022). A practical application in Calabar would
involve an augmented reality reconstruction of nineteenth-century Old Calabar. Visitors
could use smartphones or museum-provided tablets to visualise historical streets, trading
activities, missionary settlements, and indigenous Efik communities while listening to
professionally narrated historical accounts. Likewise, Oron Museum could develop a virtual
reality experience that recreates traditional maritime life. Visitors would participate virtually
in canoe construction, fishing expeditions, and coastal trading journeys while learning about
Oron indigenous technologies and social organisation. These immersive experiences
transform museum learning into memorable educational encounters consistent with the
Experience Economy Theory (Pine & Gilmore, 2019).

Museum-Tourism Corridor Development: Smart museums should function as central
components within integrated cultural tourism networks rather than isolated institutions.
This study proposes the establishment of Museum-Tourism Corridors linking museums with
major heritage attractions, cultural festivals, hospitality facilities, and creative industry
clusters. In Cross River State, the National Museum Calabar could be connected with Tinapa
Business Resort, Marina Resort, the Slave History Museum, the annual Calabar Carnival, and
nearby craft markets through a unified digital tourism platform. Visitors could purchase
electronic heritage passes granting access to multiple attractions, while mobile applications
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provide interactive maps, historical narratives, restaurant recommendations, and transport
information. Similarly, the Oron Museum could be integrated with traditional carving
workshops, waterfront tourism, seafood festivals, boat excursions, and cultural performance
centres. Such coordinated tourism planning would encourage longer visitor stays, increase
local expenditure, and strengthen destination branding. Heritage tourism would thus
become a catalyst for regional economic diversification rather than an isolated cultural
activity (Okpoko & Ezeadichie, 2021).

Intelligent Visitor Analytics: One of the defining characteristics of smart museums is the use
of data-driven decision-making. SMDEF recommends deploying digital technologies to
monitor visitor behaviour, evaluate exhibition effectiveness, and improve institutional
planning. Smart ticketing systems, mobile applications, Al-powered feedback platforms, and
visitor heat-mapping technologies can provide valuable information regarding visitor
preferences, movement patterns, and satisfaction levels (ICOM, 2022). Museum
administrators can use these data to redesign exhibitions, improve crowd management,
optimise marketing strategies, and personalise visitor experiences. For example, if digital
analytics reveal that visitors spend significantly more time engaging with maritime heritage
exhibits than colonial artefacts, museum managers can expand interactive content related to
maritime history. Likewise, Al-assisted multilingual chatbots could answer visitor questions
instantly, recommend personalised tour routes, and provide educational resources tailored
to different age groups.

Creative Economy Integration: The sustainability of smart museums depends upon strong
connections with the creative economy. Museums become innovation hubs where heritage
inspires artistic production, entrepreneurship, and cultural industries rather than remaining
solely exhibition spaces. SMDEF therefore proposes partnerships between museums and
practitioners in film production, theatre, music, fashion, visual arts, digital media, publishing,
and cultural entrepreneurship. These collaborations would transform museums into centres
of creativity capable of generating employment while preserving indigenous heritage. For
instance, Oron Museum could collaborate with filmmakers to produce documentaries on
traditional carving, maritime heritage, and oral history. Theatre groups could stage historical
performances depicting the migration and cultural evolution of the Oron people, while
fashion designers could reinterpret traditional motifs for contemporary audiences. Similarly,
the National Museum Calabar could establish permanent exhibitions on Carnival costume
design, organise cultural fashion showcases, and partner with local musicians and dramatists
to produce immersive heritage performances. Such initiatives would stimulate creative
entrepreneurship while expanding museum audiences.

Economic Implications of Smart Museum Development: Implementing the Smart Museum
Digital Ecosystem Framework would generate significant economic benefits for Oron and
Calabar. First, digital transformation would increase museum visitation by providing
immersive experiences attractive to domestic and international tourists. Increased visitor
numbers would stimulate demand for accommodation, transportation, restaurants, local
crafts, tour guiding services, and cultural performances. Second, smart museums would
support the growth of small and medium-sized enterprises (SMEs) engaged in digital content
creation, heritage interpretation, software development, traditional crafts, and cultural
merchandising. Young entrepreneurs could develop mobile applications, virtual exhibitions,
heritage games, and multimedia educational resources that extend museum experiences
beyond physical spaces. Third, digital innovation would strengthen the international visibility
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of Oron and Calabar, attracting researchers, investors, and members of the African diaspora
interested in heritage tourism. Enhanced global recognition could improve destination
branding while increasing opportunities for international partnerships and cultural exchange.
Finally, integrating museums with the creative economy would diversify regional income
sources beyond conventional tourism. By supporting filmmaking, theatre productions,
fashion exhibitions, festivals, publishing, and digital storytelling, smart museums would
become engines of innovation, employment, and sustainable economic development.
Consequently, the SMDEF provides not merely a technological framework but a
comprehensive strategy for repositioning Oron and Calabar as competitive cultural
innovation hubs within West Africa.

Governance and Funding Models
The successful implementation of the Smart Museum Digital Ecosystem Framework (SMDEF)
depends on innovative governance structures, sustainable financing, and strategic
partnerships. Digital transformation requires more than technological investment; it
demands institutional reforms that promote accountability, collaboration, and continuous
innovation. Governments, museums, universities, technology companies, tourism agencies,
traditional institutions, and international development partners all have important roles to
play in establishing smart museums in Oron and Calabar. A key governance priority is the
establishment of multi-stakeholder museum management boards. Beyond government
representatives, museum governing councils should include traditional rulers, ICT
professionals, tourism experts, academics, creative industry practitioners, private-sector
investors, and youth representatives. Such inclusive governance encourages transparency,
strengthens innovation, and ensures that museum development reflects both local
aspirations and global best practices (International Council of Museums [ICOM], 2022).
Funding remains one of the greatest obstacles to digital transformation. Government
allocations alone cannot sustain the acquisition of smart technologies, digital infrastructure,
staff training, and continuous maintenance. Therefore, a diversified funding model is
essential. Public-Private Partnerships (PPPs) can support investments in digital infrastructure,
while technology companies can provide software solutions, cloud storage, cybersecurity
services, and digital exhibition platforms through corporate social responsibility programmes.
The paper further recommends the introduction of Diaspora Heritage Bonds, allowing
Nigerians living abroad to invest in the preservation and digital transformation of cultural
heritage. Given the strong emotional attachment of many diaspora communities to their
ancestral heritage, such investment instruments could generate significant long-term
funding while strengthening international engagement. In addition, museums should
aggressively pursue grants from UNESCO, the International Council of Museums, the
International Centre for the Study of the Preservation and Restoration of Cultural Property
(ICCROM), the African World Heritage Fund, and other international cultural organisations.
Competitive grant funding can support digitisation projects, staff development, conservation
laboratories, and virtual exhibition platforms (UNESCO, 2021). Internally generated revenue
should also be strengthened through premium virtual tours, digital learning platforms,
museum memberships, online gift shops, heritage festivals, conference hosting, and
licensing of digital cultural content. These revenue streams reduce dependence on public
funding while ensuring long-term institutional sustainability.
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Discussion
This study demonstrates that digital transformation represents a strategic opportunity for
repositioning museums in Oron and Calabar as internationally competitive heritage
institutions. Unlike conventional museum development approaches that focus primarily on
physical infrastructure, the proposed Smart Museum Digital Ecosystem Framework (SMDEF)
integrates technology, tourism, creative industries, education, and cultural preservation into
a comprehensive development model. The framework extends existing scholarship on smart
heritage by adapting global technological innovations to the realities of Nigeria's coastal
heritage environment. While institutions such as the Smithsonian Institution and the British
Museum have demonstrated the effectiveness of digital collections and virtual engagement,
Oron and Calabar require locally relevant solutions that combine digital innovation with
indigenous knowledge systems and community participation (Parry, 2021). The proposed
framework aligns with the principles of Smart Heritage Theory by integrating artificial
intelligence, digital archives, immersive storytelling, visitor analytics, and cloud-based
collection management into museum operations. It also supports Experience Economy
Theory by transforming museum visits into interactive experiences through augmented
reality, virtual reality, and digital storytelling (Pine & Gilmore, 2019). Rather than observing
artefacts passively, visitors actively engage with history through immersive technologies.
Beyond improving visitor experiences, SMDEF strengthens cultural tourism by linking
museums with surrounding attractions, including Tinapa Business Resort, Marina Resort, the
Calabar Carnival, Oron waterfronts, traditional craft centres, and cultural festivals. Such
integration expands tourism value chains, encourages longer visitor stays, and creates
opportunities for local entrepreneurs in hospitality, transport, digital media, and creative
industries. Importantly, the framework demonstrates that digital innovation and heritage
preservation are complementary rather than competing objectives. Digitisation enhances
conservation, increases accessibility, supports academic research, and promotes global
awareness while protecting fragile collections from excessive handling. Consequently, smart
museum development should be regarded as a strategic investment in cultural sustainability
rather than merely a technological upgrade. Although this study focuses on Oron and
Calabar, the proposed framework has wider applicability for museums across Nigeria and
other African countries seeking to modernise heritage management while preserving
cultural authenticity.

Conclusion
Museums worldwide are increasingly embracing digital technologies to preserve cultural
heritage, improve visitor engagement, and strengthen cultural tourism. However, many
Nigerian museums continue to operate within conventional exhibition models that limit their
educational, economic, and tourism potential. The Oron Museum and the National Museum
Calabar exemplify this challenge despite possessing internationally significant collections and
exceptional heritage resources. This paper has argued that sustainable museum
development requires a comprehensive digital transformation strategy capable of
integrating heritage preservation with technological innovation, tourism development, and
the creative economy. To achieve this objective, the study proposed the Smart Museum
Digital Ecosystem Framework (SMDEF) as an original conceptual model comprising digital
collection infrastructure, immersive interpretation systems, museum-tourism corridors,
intelligent visitor analytics, and creative economy integration.

The framework demonstrates that smart museums can become powerful drivers of
cultural preservation, education, employment, entrepreneurship, and regional economic
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development. By embracing technologies such as artificial intelligence, augmented reality,
virtual reality, cloud computing, and digital storytelling, museums in Oron and Calabar can
significantly enhance visitor experiences while expanding international accessibility and
research collaboration. The paper concludes that digital transformation is no longer optional
but essential for museums seeking relevance within the twenty-first-century knowledge
economy. Governments, cultural institutions, universities, technology companies, tourism
agencies, and international development partners should therefore collaborate to
implement policies that promote smart heritage infrastructure, sustainable financing,
professional capacity building, and digital innovation. Future empirical research should
evaluate visitor acceptance of smart museum technologies, assess their economic impact on
local communities, and compare implementation outcomes across Nigerian and African
museums. Such studies will further strengthen the role of smart museums as engines of
sustainable cultural tourism and heritage innovation.
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