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Abstract

The present chapter investigates the emerging paradigm of cultural heritage
experience, as shaped by the continuous advances in information technologies.
Recent years have seen the growing digitisation of cultural heritage, leveraged by
innovative information technologies (imaging technologies, multimedia, virtual
reality etc.). Advanced digitisation, and digital preservation and accessibil-
ity have been instrumental in transforming conservation and scientific research
methods in the field of cultural heritage, as well as people’s experience of cultural
heritage assets, relics, and monuments. Digitisation and immersion technologies
are already in use in the context of cultural tourism in museums and on location. At
the same time, a manifold of new applications and services can be generated from
the adoption and adaptation of relevant technologies already applied in other sec-
tors (e.g. 2D/3D digital scanning technologies applied in the construction industry).
The present chapter will provide a thorough review of relevant digital technolo-
gies and existing work in the field, highlighting important research efforts and
achievements; and will discuss the current challenges and promising avenues for
future work. Following a literature review methodology, our research will provide
a critical appraisal of carefully selected work from recent scientific literature and
contribute to the systematisation of the current knowledge in the field towards
the identification of key challenges and the extraction of new insights in terms of
potential for practical applications and future research directions in the area.

Keywords: cultural heritage, heritage experience, virtual heritage, digitisation,
immersive technologies

1. Introduction

UNESCO [1] defined cultural heritage as “the entire corpus of material signs
either artistic or symbolic, handed on by the past to each culture and therefore
to the whole of mankind”. It thus represents “the legacy of physical artifacts and
intangible attributes of a group or society that are inherited from past generations,
maintained in the present and bestowed for the benefit of future generations” [1].
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Ramos & Mafé-Garcia [2] explain that cultural heritage includes “physical artifacts
and intangible attributes of a place or society that are inherited from past genera-
tions”. Cultural Heritage is thus an expression of the ways of living developed by

a community and passed on from generation to generation, including customs,
practices, places, objects, artistic expressions and valuesThis includes both tangible
and intangible elements, namely (a) tangible heritage assets, such as buildings,
monuments, archaeological sites and locations of cultural significance, books, mate-
rial objects including works of art (paintings, sculptures, drawings, prints, etc.),
objects of the decorative arts (furniture, glassware, textiles, ceramics, etc.) and other
artefacts, landscapes and natural heritage; and (b) intangible heritage assets, such

as oral traditions, arts, rituals, folklore, language, and knowledge [2-4]. Intangible
cultural heritage is described as a set of “practices, representations, expressions, as
well as the knowledge and skills including instruments, objects, artefacts, cultural
spaces” that are recognised as part of national heritage [5]. Cultural heritage is an
evolving concept that experiences continuous reinterpretation and extension. Rather
than representing concrete objects or artefacts, cultural heritage is increasingly
regarded as a process, featuring a complex set of meaning, values, associations and
related concepts [6].

The recently introduced term “Digital cultural heritage” describes cultural
resources that were created in digital form (for example digital art or animation)
or were digitised as a way to preserve them (including text, images, video and
records) [7].

UNESCO [1] further notes that cultural heritage is not only a source for business
and economy, but a fundamental condition for the maintenance and development
of society and its economy. In terms of value, cultural heritage assets comprise both
economic and cultural value. Cultural value is a complex concept that spans several
dimensions: aesthetic, spiritual/religious, social, historical, symbolic and authentic-
ity value [8]. Accordingly, “the experience of cultural heritage is varied according
to the person’s realm of experience, the setting of the experience, and the intent of
the experience from the point of view of the participator and the provider” [9]. A
visitors’ overall engagement and satisfaction, and quality of experience are inter-
linked with the attributes of the heritage site [10, 11].

The most readily accessible experience of cultural heritage is in the realm of
tourism [9]. For the tourism industry, culture and heritage represent an important
asset for generating economic value. New types of tourism offerings have emerged,
drawing on culture and heritage, and focusing on aspects such as a site’s built/his-
torical heritage, popular culture, living culture, shared culture, cultural events,
culinary culture etc. The European Travel Commission (ETC) describes interna-
tional cultural tourism as “a movement of persons to specific cultural attractions,
such as, heritage sites, artistic and cultural manifestations, arts and drama to cities
outside their normal country of residence”. With tourists seeking more diversified,
engaging and intellectual experiences [12], the tourism sector is shifting towards
more experience-based products [13]. Culture emerges as a key motivation for
travelling among tourists. Heritage tourism is growing in popularity, transforming
cultural heritage into one of the principal attractions of a tourism destination and
increasing the importance of cultural heritage preservation and valorisation.

McKercher et al. [14] stress the complexity of cultural tourism, as reflected in
the variety of perspectives adopted for its definition: tourism-derived, motiva-
tional, experiential and operational. ICOMOS [15] describes cultural tourism as
a form of tourism whose object includes the discovery of monuments and sites.
Richards [16] defines heritage tourism as ‘the movement of persons to cultural
attractions away from their normal place of residence, with the intention to gather
new information and experiences to satisfy their cultural needs’
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There are different types of “cultural tourists”, in terms of the segmentation of
these in heritage destinations [14, 17]. Cultural tourism is shaped as a combination
of four elements: tourism, use of cultural heritage assets, consumption of experi-
ences and products and the tourist [18].

Cultural tourists in growing numbers pursue an in-depth appreciation and
understanding of different aspects of the culture and heritage of the places they
visit. Cultural heritage tourists are in search of authentic experiences associated
with a variety of cultural traits that are linked to distinct geographic locations.
Dallen [19] highlights this diversity, stating that cultural heritage tourism “encom-
passes built patrimony, living lifestyles, ancient artifacts and modern art and
culture”. The importance of culture and the importance of the cultural experience
may also vary among visitors [20], the scale and depth of the information that the
tourists have regarding this place likewise.

Recent years have seen the growing digitisation of cultural heritage, lever-
aged by innovative information technologies (imaging technologies, multimedia,
virtual reality etc.). Advanced digitisation, and digital preservation and accessi-
bility have been instrumental in transforming conservation and scientific research
methods in the field of cultural heritage, as well as people’s experience of cultural
heritage assets, relics, and monuments. Digitisation and immersion technologies
are already in use in the context of cultural tourism in museums and on location.
At the same time, a manifold of new applications and services can be generated
from the adoption and adaptation of relevant technologies already applied in
other sectors (e.g. 2D/3D digital scanning technologies applied in the construction
industry).

On the consumer side, technology is driving change in lifestyles. New forms
of tourism are emerging in the place of conventional tourism. Alsos et al. [13]
note a transition of the tourism sector towards more experience-based products.
Experiences are inherently personal. When a person buys an experience, they pay
for a memorable event staged by the experience provider to engage them in an
inherently personal way, on an emotional, physical, intellectual, or even spiritual
level [21]. Stamboulis, and Skayannis [22] further explain that in this experience-
based exchange the tourist enters into a multifaceted interaction with the actors and
the setting of a narrative staged by the local community.

The United Nations World Tourism Organisation [23] concluded that “Culture
and tourism have a symbiotic relationship”. This symbiotic relationship is increas-
ingly facilitated by information and communication technologies. Overall, the
economic valorisation of cultural heritage through tourism implies incorporating
cultural heritage into the tourism supply [24], which means viewing cultural
heritage as a component in the production of heritage-related tourism products and
services. Given the high market interest of cultural tourism, local destinations strive
to leverage what makes their societies unique, promote the region’s cultural identity,
in order to boost economic growth. According to Opaci¢ [24], tourism valorisa-
tion of cultural heritage includes several steps, starting with the identification of
cultural heritage suitable for conversion into tourism attractions.

Communicating cultural heritage to visitors in understandable and engaging
ways is challenging, yet it represents an increasingly important aspect of tourism
destination marketing. Presently, the relationship between tourism and culture is
transformed by the affordances of new technologies. Advanced learning technolo-
gies can accommodate the provision of value-added cultural experiences to tourists,
improve representation, engage visitors with content in innovative ways, support
cultural revitalisation and increase the overall attractiveness of heritage sites.
Cultural locations and spaces can be enriched by scanning and overlaying virtual
annotations on top of these places. Digital applications can provide cultural tourists
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with fast knowledge acquisition: immediate cultural location-based information of
specific points of interest.

Advanced digital technologies for cultural heritage management, study and
analysis, conservation, restoration, and preservation, access and communication,
are transforming conservation and scientific research methods in cultural heritage,
as well as people’s experience of cultural heritage relics, monuments and events. At
the same time, digital technologies are enhancing the experiential and interpretive
dynamics of the cultural heritage representations and creating innovative environ-
ments for consumers to discover, capture and experience cultural heritage and
events, thus promoting the creation of new value chains for tourism through the
digitisation of cultural heritage. Integral to this is the combined use of innovative
digitisation technologies and affordable consumer electronic equipment, which is
making innovative cultural heritage experiences accessible to all.

Following a literature review methodology, in the subsequent sections, our
research will provide a critical appraisal of carefully selected work from recent
scientific literature and contribute to the systematisation of the current knowledge
in the field towards the identification of key challenges and the extraction of new
insights in terms of potential for practical applications and future research direc-
tions in the area.

2. Methodology

The methodology applied for this research was exploratory in nature, based on
an extensive review of the available literature. In recent years, there has been an
increasing number of studies linking cultural heritage with digital technologies.

To offer a broad overview of this emerging research domain, a review of academic
literature was undertaken to examine relevant publications in the Web of Science
database. The purpose of this study was to review the existing literature to describe
the state-of-the-art in key areas of interest and to identify key challenges, in order
to extract new insights in terms of potential for practical applications and future
research directions in the area.

Scope of literature review:

Literature sources: all corpora included in the Web of Science database

Timeframe: 2017-2021 (covering all eligible literature in last 5 years)

Geographical coverage: all-inclusive

Literature selection: the literature search (covering a time window of the last

5 years) used two groups of keywords. The first group included the terms
“heritage experience”. The second group referred to ADR detection and
included the terms: “Technology”, “Digital”, “Virtual” etc. Thus, the literature
search query for article selection had the logical form of: {heritage experience}
AND {digital technology, or equiv.}.

An electronic search of Web of Science (3 June 2021) was performed using the
following search string: [ (heritage experience)] AND [(Technology) OR (Digital)
OR (Virtual) OR (Immersive) OR (Augmented) OR (Scan) OR (3D) OR (WEB) OR
(PORTAL) OR (Application) OR (Mobile)].

The initial search resulted in a total of 824 articles. All search results were
subsequently scanned, based on the title and abstract, to determine whether the
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respective article should be included or not in the study. Following screening, 246
documents were excluded as they were not directly linked to the specific topic of the
present study. This resulted in a final collection of a total of 578 articles. Additional
records were identified through their list of references and other sources. Extracted
information included [25] article title, author and publication year; [26] area of
focus; [13] technology; [21] quality-related information; and [9] results and signifi-
cant findings from the application.

We also reviewed research action under the EU Horizon 2020 programme
(2014-2020) [27]. The Horizon 2020 programme featured initiatives aimed at the
preservation and valorisation of cultural heritage, specifically targeting areas such
as the curation of digital assets and advanced digitisation, cost-effective technolo-
gies for advanced 3D modelling, Virtual Museums etc. [7].

With regards to museums, the study revealed a strong correlation with digitisa-
tion, followed by a strong interest in immersive technologies (virtual/augmented
reality) and the development of specific applications for museum visitors to experi-
ence the exhibits. Mobile access is also among the focus points, while 3D representa-
tion is gaining ground. Less discussion is made about web portals in the present
time frame, as this was strongly pursued in earlier times.

The most significant insights drawn are outlined in the following sections.
Section 3 provides an overview of the study results, Section 4 discusses the applica-
tion of advanced digitisation technologies for powering cultural heritage experi-
ences, while Section 5 summarises the current challenges and examines the way
forward.

3. Results

With regards to the application of digital technologies in cultural heritage, the
study revealed a broad scope: (a) to promote the preservation of cultural heritage
and assist scientific research, and (b) to enhance the communication of digital
heritage. The following Figure (Figure 1) provides an example of key applications
of advanced digitisation technologies and applications in the context of cultural
heritage. Three main areas have been identified: preservation, research on, and
communication of cultural heritage. The first two relate to making sense of and

Preservation Scientific Research Communication

New archaeological epistemologies Onsite, online & onlife
cyber-archaeology cyber-archaeometry 3D digitisation of
. museum artefacts  improved artefact
Artefacts manipulated virtual reconstruction of . ,  Tepresentation
in 3D &investigated monuments to discover new online "walk-through
from different s museum explorations new forms of visitor
perspectives . o engagement
3D multimedia-rich
: . rapid & cost-effective b e s
detailed and contextualised surveys
knowledge of the position, size, Enrichment of cultural
shape and identity of the locations & spaces context-aware

Digital preservation of
open-air heritage Overlaying virtual
annotations onsite

components of a historic site representations of
cultural heritage
in situ monitoring of
archaeological

. digital applications for cultural experiences
remains E e B

L — understanding experience _

Figure 1.
Key applications of advanced digitisation in cultural heritage.
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interpreting cultural heritage. The latter is about how cultural heritage is divulged
and experienced.

Accommodating cultural heritage experiences mainly falls under communica-
tion of cultural heritage and cultural tourism, but also draws from advances in
cultural heritage preservation. The study revealed that digital technologies are
reshaping the cultural heritage value chains, by affecting both the back office,
where the cultural resources originate and the front-end, where the consumption
of cultural heritage experiences takes place. Consumption itself can flow through
different communication channels. Discussing museum experiences, Simone et al.
[28, 29] identified four main areas, in which digital transformation is taking place:
[25] in the back-office, referring to the preservation of cultural heritage; [26]
onsite, relating to the quality of the museum experience; [13] online, referring
to how the museum experience can be extended beyond museum doors; and [21]
onlife, referring to the creation of wider, hybrid museum experiences.

In the following section we discuss critical developments in the back office and
front end.

4. Discussion
4.1 Back-office capabilities

The research results identified several novel digital transformation approaches
to improve the preservation of cultural heritage in the back-office. Focal point is the
digital preservation of cultural heritage.

4.1.1 Digitisation and archiving

Digitisation and archiving constitute the foundations for the development of
virtual heritage applications and services. Recent advancements in information
and communication technologies have made it possible for heritage artefacts to
be preserved and made available in digital form. Already in 2011, the European
Commission’s Recommendation on the Digitisation and Online Accessibility of
Cultural Material (2011/711/EU) emphasised [30] the importance of bringing
Europe’s cultural heritage online, for improving access to and promoting the re-use
of digitised cultural heritage material, e.g. by the creative sector. Recent years have
seen a growing trend towards the digitisation of museum collections, library and
archival cultural resources (such as manuscripts, books, and journals), sound and
audiovisual heritage, immovable cultural heritage (such as monuments, historical
buildings and archaeological sites), as well as intangible cultural assets, such as
the living arts, and traditional folklore culture (traditional dances and folk cus-
toms) [31].

Cloud computing technologies facilitate the aggregation, storage and reuse of
digital content. A wide array of national and international, thematic or domain-
specific cultural heritage aggregators have emerged, allowing for joined up access
to cultural resources. This includes digital platforms, applications and repositories
that bring together cultural collections from cultural institutions through virtuali-
sation. Europe’ digital platform for cultural heritage, Europeana provides access to
over 50 million items, (including image, text, sound, video and 3D material) from
the collections of over 3000 libraries, archives, museums, galleries and audio-
visual collections from all over Europe. Similarly, the Google Cultural Institute
provides access to cultural artefacts from 1400 cultural institutions in 70 countries
and to more than 3000 online exhibitions curated by experts. Its services include
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1800 Street View captures of famous museums and landmarks that allow users to
immerse themselves and get a 360° view of these places from anywhere, using their
PCs, laptops or mobile devices.

Nonetheless, challenges to aggregation continue to persist, referring to issues
that range from the lack of granular and rich descriptive metadata [32], to technical
interoperability and copyright [33, 34].

Organised memory institutions (e.g. museums, libraries, archives) hold dispa-
rate collections of heritage resources, in terms of format, organisation and storage.
Digitisation efforts are often fragmented and ineffective, with smaller organisa-
tions lacking the knowledge and resources needed, and further being unable to
attract significant visibility to impact tourism and the local economy. To ensure the
quality of digitised materials, digitisation standards and specifications, as well as
guidelines concerning interoperability and metadata descriptions. Several domain-
specific standards have been adopted, such as LIDO for museums, EAD for archives
and METS for digital libraries. Led by Europeana, standardisation and common
approaches for content and metadata management represent an on-going priority
for Europe. The Europeana Data Model (EDM) is a cross-domain metadata stan-
dard that enables content interoperability, exchange and aggregation.

The need to improve the quality of cultural heritage metadata and collection
management systems (CMSs) is stressed [35]. Metadata enrichment through
crowdsourcing annotation services [32] and machine learning techniques
[36-39] is recommended.

Digitisation goes beyond the transposition of analog objects into the digital
space. A key concern is the digital readiness of cultural heritage institutions, con-
cerning their capacity to adapt and adopt disruptive technologies in their practices.
This implies a profound transformation of their internal processes and calls for a
holistic approach at different levels in the institutions (organisational, operational,
human resources, etc).

Cultural heritage is not limited to culture repositories and digital collections.
Intangible cultural assets include the living arts, traditional folklore culture and
crafts [40]. Furthermore, the largely untapped potential of cultural heritage
embedded in individual memory needs to be harnessed through citizen’s collec-
tion and interpretation of digital heritage [41-43]. Nowadays, we are witnessing a
transition towards social engagement in culture that is driven by the rise of digital
content production and digital connectivity. Crowdsourcing and digital storytelling
can help capture the living cultural heritage of different communities or groups,
in terms of practices, representations, expressions, knowledge, skills [43, 44]. The
collection and archiving of a community’s or region’s cultural memory further
involve raising public awareness about the importance of their cultural heritage and
gearing up citizens’ knowledge about and access to this heritage. Social platforms
can provide the means for citizens to share their local knowledge and everyday
experience with others, together with the contribution of cultural institutions
[41, 42].

4.1.2 Advanced digitisation technologies

In recent years, numerous initiatives have been launched, involving the model-
ling and rendering of digital cultural heritage in 3D for research and preservation
and/or communication purposes. Cultural heritage artefacts that traditionally were
presented in two-dimensional form are increasingly captured, modelled and visu-
alised in three dimensions and/or in 3D virtual environments [45]. The 3-D model
can be realised from physical objects (according to a “reverse modelling” process)
or directly assembling 3-D digital forms. It could provide a photorealistic image or
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a symbolic representation of the original artefact, depending on the object and the
scope of the representation. Advanced digitisation technologies have been instru-
mental in transforming conservation and scientific research methods in cultural
heritage, as well as people’s experience of cultural heritage relics, monuments and
events [28, 29, 46-49].

New technologies and techniques, such as photogrammetry [50] and laser
scanning [51], allow for more accurate digital capture of 3-dimensional objects
and surfaces. Early efforts included modelling and rendering of artefacts and
architecture from photographs (e.g. [52]). Current applications employ advanced
non-contact close or long range scanning, modelling, analysis and computer-based
visualisation tools to produce: three-dimensional (3D) recordings of archaeological
sites and buildings (e.g. [53]) and of small objects (e.g. [54]) and three-dimensional
visualisations of cultural heritage sites, using airborne scanning and imaging [55]
or from geospatial information [56].

Digitisation technologies are already in use in the field of heritage (e.g. in
museums or monuments). Limited research and solutions can be found regarding
the interaction between cultural heritage, scan/photo and immersive technologies,
potential customers and visitors’ experiences in the cultural tourism locations,
events and attractions. The use of advanced 2D/3D digital scanning of small and
large-scale objects and surroundings and the valorisation of the digital spatial mod-
els produced has the potential to create unique, immersive cultural experiences,
using affordable consumer electronics.

4.2 Front-end delivery
4.2.1 Communication of cultural heritage and cultural tourism

The introduction of technologies for cultural heritage communication has
revolutionised the concept of “museum experience” and “historic site experience”,
leading to the emergence of novel services powered by the digitisation of cultural
heritage artefacts. In recent decades many GLAM organisations (i.e. Galleries,
Libraries, Archives, and Museums) and historic sites have launched initiatives to
improve representation, engage visitors with content in new, innovative ways and
support cultural revitalisation. Technology is increasingly used to support novel
forms of narration and improve the historic interpretation of cultural heritage, i.e.
the ways visitors make meanings and connections to the past, in order to experi-
ence culture [57, 58]. Digital technologies have the power to transform history and
cultural heritage into a living resource, also in the form of embodied Interactions
[59]. Complex interconnected cyber-physical systems for experiencing cultural
heritage can thus emerge [60].

4.2.2 Hybrid onsite experiences

Digital technologies have the potential to redefine the way visitors experience
and connect with museums and cultural sites, as well as expand the on-site visit
with prior and post experiences [61]. Most heritage sites are multidimensional and
dense with meaning. Different cultural heritage contexts can coexist and serve as
a backdrop for many overlapping services and experiences, suitable for diverse
audiences. As the motivations, interests and degree of engagement of audiences
vary, creating relevant cultural heritage experiences that engage and resonate with
each visitor represents a challenge for the sector. The early “electronic” tour guide
model was based on predefined itineraries, complemented by the synchronised
delivery of textual and/or multimedia content that was curated by museum experts.
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The evolution of Ubiquitous Computing technologies enabled the introduction of
context-aware and location-aware features that offer the user increased degrees of
freedom (e.g. through the combined use of mobile phones and RFID technologies).
Traditional linear narratives (e.g. in the form of typical guided tours) are thus
replaced by visitor-directed narratives, in which the visitor is in control of the
content they consume [62]. The former involved mainly applications that mimic the
purposes and experience of a traditional guided tour (e.g. mobile tour guides and
museum websites), while the latter is facilitated by technologies that help create
interactive and immersive experiences [63, 64]. The challenge is to not merely
communicate scientific information, but to develop audience-centric experiences
that achieve a narrative and emotional engagement of the audience [65, 66].
Better cultural accessibility and inclusion has the potential to enhance citizens’
well-being [67].

Digital storytelling represents an effective way to deliver content in cultural
heritage [68], achieve emotional resonance and create human connection.
Immersive experiences can put the visitor in control of the content and make them
feel as if they are a part of the exhibit or program [63, 64]. The combination of
advanced immersive technologies with storytelling techniques, can help create
emotive digital experiences that bring cultural heritage sites and events alive [69].

For example, the GIFT project developed a portfolio of free, open-source tools
and methods that museums can use to enrich the physical experiences of their
visitors, such as a Mobile Game to encourage collaborative storytelling within the
museum [70]. The EMOTIVE project developed immersive storylines using a range
of technologies including virtual and augmented reality and mobile phone apps, to
create more ‘emotive’ cultural site visits [69].

Audio augmented environments, featuring concepts like sonic narratives,
soundscapes and binaural spatialisation have also been explored in the cultural
heritage context [71].

Digital technologies can help enrich a physical visit to a cultural site or a
museum, with rich complementary content tailored to the needs of the visitor.
Heritage sites can be enriched by scanning and overlaying virtual annotations on
top of these places. Devices can be directed at the point of interest, and 2D/3D e.g.
texts, sounds, icons, videos are added to the users’ view. These applications provide
visitors with immediate cultural location-based information regarding specific
points of interest [72], they allow them to explore personal cultural locations and
points of interest [73] and give them opportunities to discover new or unknown
knowledge [74]. Every cultural site has a specific “wow-factor” that has to be cap-
tured and transported via digital technology and digital communication channels.
From the provider view, new business models and opportunities can be identified
and initiated using novel digitisation technologies [75], which can help increase
the competitiveness of the cultural site [76] with significant spillover effects on
the local economy. Recent research efforts go beyond visual, sound, or narrative
enhancements, to provide visitors with multisensory stimulations [77].

For people with disabilities, digital innovations, such as sign language video
avatars, tactile artwork reliefs, barrier-free apps for museum visits, etc., can help
them overcome access barriers to cultural spaces [78].

4.2.3 Online experiences—virtual museums

The online presence of museums is changing, with traditional museum websites
evolving into online “walk-through” museums, featuring dynamic exhibitions
and versatile multimedia explorations of cultural heritage [79]. Advances in
digitisation technologies provide the means for new forms of engagement with
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museum-held heritage via 3D multimedia-rich museum websites, online “walk-
through” museum explorations [80], virtual museum exhibitions [81], virtual
environment system installed within a real museum [82], online community
platforms [83, 84], etc. This has also led to novel context-aware representations of
cultural heritage, produced from merging 3D models of artefacts, like in the case of
the MUVI - Virtual Museum of Daily Life [85].

Ambient intelligence technologies (Aml) provide the means for personalizing
content and user interfaces (UIs) to each individual user [86].

Virtual museums have also emerged. The term virtual museum describes “a
collection of digitally recorded images, sound files, text documents, and other data
of historical, scientific, or cultural interest that are accessed through electronic
media” [87]. Unlike a traditional museum, a virtual museum does not house actual
objects. Instead, it channels digitised representations of artefacts from one or
several cultural institutions (e.g. Google Cultural Institute). A virtual museum can
also be set up, in order to provide access to cultural sites that are otherwise invisible
to the general public and to cultural artefacts that no longer exist or are impossible
to view physically [88-94].

For example, the “Underwater Malta”, virtual museum for submerged cultural
heritage, provides access to numerous inaccessible underwater archaeological sites
[95]. This is facilitated by recent advances in underwater imaging and processing
software and the development of 3D photogrammetry of submerged sites. The
GRAVITATE project developed software tools to allow archaeologists and curators
to reconstruct shattered or broken cultural objects and to identify and re-unify
parts of a cultural object that has been separated across collections [96]. Similarly,
the Time Machine project [25] combines digitised archives from museums and
libraries, with Artificial Intelligence and Big Data mining, to offer richer inter-
pretations of our past. The project developed a 4D (3D plus time) engine which
‘recreates’ past cities, as digital twins of our cities (‘Mirror Worlds’) that is acces-
sible from mobile phones or through specific Augmented Reality interfaces. 3D
models can “time-travel” users to historical places, cities or buildings in a specific
historic period to deliver a feeling of how daily life was [97, 98]. While in the past,
3D visualisation content was merely used to digitally visualise historic artefacts (e.g.
replace damaged or missing physical artefacts), presently realistic virtual heritage
environments can be developed to contain 3D models of heritage object, thus
visualising three-dimensional contexts as well, in order to offer a much richer user
experience. For example, the INCEPTION project revolved around the develop-
ment of heritage“spaces”(complex architectures and sites) and semantic enrich-
ment for creating 3d Models to cater for multiple purposes, in line with the specific
needs and level of knowledge of the end-users [99].

In the last two years the Covid-19 pandemic, which disrupted the daily routine
of museums and brought the global tourism industry to a standstill prompted the
adoption of innovative approaches building on digital instruments, such as virtual
tours [100, 101] that build on geo-referenced sequences of panoramic images and
three-dimensional models of the actual site [102]. According to Nemtinov et al.
[103] “Virtual trips to memorable places allow experiencing history in an interactive
form; they attract the audience and promote interest in museums and, accordingly,
strengthen their cultural and educational functions”

4.2.4 Onlife cultural experiences
Advances in digital technologies are helping connect a person’s cultural heritage

experiences to their “daily” life, i.e. they provide the means to enhance other experi-
ences outside the museum site, based on experiences at the museum site [61].
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Overall, immersive experiences for cultural heritage can take shape in a variety
of forms, including the use of augmented reality, virtual reality, serious games and
gamification, embodied interaction etc. Central Is the role of Virtual Reality and
Augmented Reality which allow for new ways of experiencing cultural heritage.
Augmented reality can overlay additional information onto existing artefacts, while
virtual reality facilitates fully immersive virtual explorations [104]. Virtual Reality
head-mounted displays (HMD) provide a first-person stereoscopic view of the
environment and the ability to physically change the looking direction with head
rotations. Mixed reality and semi-immersive VR applications combine the real and
virtual environments [26]. Audio augmented environments, featuring concepts like
sonic narratives, soundscapes and binaural spatialisation are also being explored in
the cultural heritage context [71].

4.2.5 Mobile applications

Central to this shift is the rise of mobile communications and the rapid uptake
of smartphone technology. Users today are increasingly connected to the world of
digital information while “on the go” via mobile devices. GSMA [105] estimates that
the number of unique mobile subscribers will reach 5.8 billion by 2025, equivalent
to 70% of the world’s population. The European Travel Commission (ETC) stress-
ing that ownership of mobile devices and mobile online access is high and increas-
ing, reached the conclusion that in the future those travelling within and to Europe
will be smartphone-equipped and will have both the technological capability and
the online access to engage with online content that will make their travel and expe-
riences richer and smoother. Smartphones, tablets and other mobile and handheld
technologies are increasingly playing a central role in touristic experience mediation
[106] and as a travel tool during all stages of tourism consumption [84]. Wang et al.
[106] noted that “the instant information support of smartphones enables tour-
ists to more effectively solve problems, share experiences, and “store”’memories”.
Dickinson et al. [84] concluded that smartphones are enhancing temporal and
spatial awareness, i.e. are evolving society’s contemporary understandings of time
and relationships with place and things in significant ways for travel by (a) enhanc-
ing the temporal alignment between people, the things they need, destinations and
attractions, and activity options and (b) providing tourists with enhanced spatial
tools and awareness (place-related information and content), ultimately leading to
knowledge-rich visitors.

5. Conclusions and way forward

The present chapter discussed the emerging paradigm of cultural heritage expe-
rience, as shaped by the continuous advances in information technologies. Cultural
heritage experiences can benefit greatly from the current trend towards digitalisa-
tion, systematisation and accessibility of digital cultural resources. Advancements
in technology are creating new opportunities to digitise cultural heritage for pres-
ervation, conservation, restoration, research, as well as for broader online access
and re-use by citizens and various sectors, such as tourism. The amount of digitised
cultural material is growing very rapidly, also thanks to numerous initiatives for the
digitisation of cultural heritage content belonging to museums, libraries, archives
etc. The experience of cultural heritage is constantly evolving and is expected to
continue to develop in complexity and sophistication, as new opportunities for the
technological representation and communication of culture emerge and the types of
transaction and encounter with tangible and intangible cultural heritage increase.
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The experience of cultural heritage will continue to develop in complexity [9].
The shift towards more sophisticated technology-enhanced cultural heritage expe-
riences is facilitated by the growing digitisation of cultural heritage, continuous
innovations in 2D/3D digital scanning, in image enhancement and 3D reproduc-
tion, and in immersion technologies, the emergence of advanced equipment (such
as head-mounted displays (HMD), the affordances of ubiquitous computing and
mobile applications and novel easy-to-use authoring tools. Advanced digitisation,
and digital preservation and accessibility have been instrumental in transforming
people’s experience of cultural heritage assets, relics, and monuments, as well as
of intangible heritage. The VIMM project concluded that harnessing additional
technologies will have increasing relevance for museums and cultural heritage insti-
tutions, including: artificial intelligence; computer vision; deep learning/machine
learning; and adaptive cognitive methods [107].

Given the strong economic spill over effect of cultural heritage, interest in
advancing the communication of cultural heritage goes beyond the traditional
players of the sector: GLAM organisations (i.e. Galleries, Libraries, Archives, and
Museums), cultural and historic sites etc.

Regions and local communities increasingly pursue the valorisation of their
local heritage, leveraging what makes their societies unique, to promote their
cultural identity and boost economic growth. Communicating cultural heritage
to visitors in understandable and engaging ways is challenging, yet it represents
an increasingly important aspect of tourism destination marketing. Presently, the
relationship between tourism and culture is transformed by the affordances of
new technologies. Advanced digital technologies can accommodate the provision
of value-added learning experiences to visitors to increase the attractiveness of
heritage sites.

Developing cultural heritage experiences is a complex socio-technical, multi-
disciplinary exercise that spans several distinct areas: Back-office capabilities, in
terms of accessible, quality digital cultural content, need to be in place, to subse-
quently be able to design, develop and provide cultural heritage experiences, and
to align these with the requirements and expectations of the intended users.

Required technical capabilities thus range from back-office infrastructures
for digitisation, standardisation, storage and retrieval, computing, connectivity,
instrumentation and online accessibility of cultural materia, to authoring, service
development and collaboration tools, to digital solutions for the technology-enabled
experiencing of cultural events, arts and heritage and the creation of new applica-
tions on new devices, for different audiences and for different purposes.

Offerings should be expert-driven and user-oriented at the same time. Meeting
the need for customised cultural heritage communication offerings implies continu-
ously developing cultural heritage experience services and new processes of value
creation. This implies a need for rapid development, and continuous adaptation and
enrichment of the offerings. On the backend side, this translates into tailored con-
tent creation and easy content reuse, re-purposing and improvement, which in turn
call for access to sources of relevant digital content (Cultural Heritage repositories)
and domain expertise, besides technical skills and authoring environment capabili-
ties. As value shifts to visitor experiences, cultural heritage experience development
essentially should be regarded as a co-creation exercise, in which cultural heritage
experience services are shaped and continuously adapted through the interactions
between consumers and service providers [108].

Of particular importance is to increase awareness and acceptance of the “Digital
Turn” within the cultural heritage community. Increasingly cultural institutions
will have to incorporate technology solutions within their day-to-day responsibili-
ties. Skills requirements and organisational aspects also need to be considered.
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