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ABSTRACT

Cultural heritage, a testament to human history and civilization, has gained increasing recognition
for its significance in preservation and dissemination. The integration of immersive technologies
has transformed how cultural heritage is presented, enabling audiences to engage with it in more
vivid, intuitive, and interactive ways. However, the adoption of these technologies also brings a
range of challenges and potential risks. This paper presents a systematic review, with an in-depth
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analysis of 177 selected papers. We comprehensively examine and categorize current applications,
technological approaches, and user devices in immersive cultural heritage presentations, while also
highlighting the associated risks and challenges. Furthermore, we identify areas for future research
in the immersive presentation of cultural heritage. Our goal is to provide a comprehensive reference
for researchers and practitioners, enhancing understanding of the technological applications, risks,
and challenges in this field, and encouraging further innovation and development.

1. Introduction

The United Nations Educational, Scientific and Cultural
Organization (UNESCO) aims to promote the identification,
protection, and preservation of cultural and natural heritage
worldwide, recognizing sites of outstanding value to human-
ity." Nowadays, the use of immersive technologies in cultural
heritage displays has increasingly become the focus of aca-
demic research, as institutions seek to enhance visitor engage-
ment and broaden access to valuable artifacts and experiences
(Bekele et al., 2018). These immersive displays combine tech-
nologies such as virtual reality (VR), augmented reality (AR),
mixed reality (MR), and other platforms like 360-degree video
and interactive digital installations, enabling audiences to
experience cultural heritage—here encompassing both tangible
and intangible forms—in more vivid, intuitive, and personal
ways. However, the adoption of these technologies also intro-
duces several risks and challenges.

In the realm of immersive technologies for cultural heri-
tage, prior studies have explored a variety of issues. Some
research emphasizes digital preservation and conservation
(Evens & Hauttekeete, 2011), while others focus on specific
applications of immersive technologies or isolated aspects of
cultural heritage (Baratin et al., 2023; Beraldin et al., 2005;
Boboc et al., 2022; Buragohain et al,, 2024; Chong et al,
2021; He et al, 2024; Idris et al, 2016; Innocente et al,
2023; Koller et al., 2009; Windhager et al., 2019). However,
certain works neglect to address the challenges or negative

impacts—often referred to as the “dark sides”—associated
with these technologies (Bekele & Champion, 2019; Kukreja
et al., 2024; Nofal et al., 2017; Wagner & De Clippele, 2023;
Zhang, 2024). Additionally, in many cases, the application of
immersive technologies to cultural heritage is restricted to
VR, AR, and MR (Zhang et al, 2024). Furthermore, some
studies rely on samples that predate 2018 (Bekele et al,
2018; Piccialli & Chianese, 2017), or their sample sizes are
too small to draw broader conclusions (Piccialli & Chianese,
2017).

Given these gaps, it is necessary to conduct a new survey
of the literature on immersive technologies for cultural heri-
tage. This review will place particular emphasis on the grand
challenges of applying immersive technologies to digital cul-
tural heritage, offering a critical reflection on their impact in
this field.

In this paper, we set the stage for a comprehensive review
of the literature on immersive technologies in cultural heri-
tage. Our review covers a pool of 5368 articles published up
to January 27 2024, sourced from leading databases includ-
ing the ACM Digital Library, IEEE Xplore, and Scopus.
From this, we systematically analyzed 177 papers to identify
these papers according to three main categories: “device,”
“application,” and “technology.” Based on our analysis, we
identified and summarized the strengths of the equipment,
applications, and technologies, which can be grouped into
the following areas: enhancing participation and experience,
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fostering social engagement, advancing education and know-
ledge dissemination, optimizing technological implementa-
tion, and promoting heritage protection and transmission.

We also identified and categorized the shortcomings of
the equipment, applications, and technologies, focusing on
aspects such as technical barriers, sustainability, user experi-
ence, and safety concerns. Additionally, we found certain
areas that have not been fully explored in the research,
which could have a significant impact on the digital display
and dissemination of cultural heritage. These gaps include
the potential misinterpretation of cultural heritage, the influ-
ence on media purity, and the possible potential damage to
cultural heritage.

By exploring these diverse dimensions, our goal is to
offer a comprehensive reference that will inform both
researchers and practitioners, supporting more informed
decision-making and fostering innovative solutions in the
field of cultural heritage preservation in the digital age.

2. Background

2.1. Research status of cultural heritage immersion
technology

Immersive technology blurs the boundary between the phys-
ical and virtual worlds, allowing users to experience a
heightened sense of immersion (Lee et al., 2013). This cat-
egory includes AR, VR, MR, as well as haptic technology,
remote immersion, and more (Suh & Prophet, 2018).
Immersive technology captures an individual’s physical
movements, posture, and gestures as inputs, which are then
used to interact with the virtual environment, making the
user feel as if they are truly present in that environment
(Handa et al., 2012). When applied to the display of cultural
heritage, immersive technologies enhance the quality and
dissemination of cultural content by stimulating our senses
in a more vivid and natural way (Innocente et al., 2023).

To understand the current state of immersive technology
research in the context of cultural heritage, we conducted two
searches on Google Scholar. The first search used the key-
words “CULTURAL HERITAGE” and “IMMERSIVE TECHNOLOGY,  while
the second search added “cHALLENGE” to refine the focus.
From these searches, we selected relevant literature review
articles. By analyzing these articles, we aimed to develop a
comprehensive understanding of the research landscape.
However, these review articles present several limitations:

e They primarily focus on issues related to digital preserva-
tion and protection, rather than the presentation aspect
of cultural heritage (Evens & Hauttekeete, 2011).

e They discuss only specific applications of immersive
technology or focus on isolated aspects of cultural heri-
tage, without providing a broader perspective (Baratin
et al, 2023; Beraldin et al., 2005; Boboc et al, 2022;
Buragohain et al., 2024; Chong et al, 2021; Idris et al.,
2016; Innocente et al, 2023; Koller et al, 2009
Windhager et al., 2019).

e They do not address the challenges or negative implica-
tions of the technologies (Bekele & Champion, 2019;
Kukreja et al,, 2024; Nofal et al, 2017; Wagner & De
Clippele, 2023; Zhang, 2024).

e The immersive technologies applied to cultural heritage
are restricted to VR, AR, and MR (Zhang et al., 2024).

e Much of the literature was published before 2018 (Bekele
et al., 2018; Piccialli & Chianese, 2017), or the sample
sizes in some studies were too small (Piccialli &
Chianese, 2017).

Evens and Hauttekeete identify four major issues hinder-
ing the sustainability of digital preservation in cultural heri-
tage institutions (Evens & Hauttekeete, 2011). Boboc and
Chong focus on the application of AR to cultural heritage,
with Boboc identifying eight key topics (Boboc et al., 2022;
Chong et al., 2021), while Buragohain explores the chal-
lenges and strategies of digitization in the metaverse
(Buragohain et al., 2024). Idris discusses the technical chal-
lenges of protecting intangible cultural heritage (Idris et al.,
2016), and Koller examines the research challenges in digital
archives for 3D cultural relics (Koller et al., 2009). Beraldin
highlights the opportunities and challenges introduced by
recent 3D technologies for heritage conservation and virtual
reconstruction (Beraldin et al, 2005), while Windhager
tackles the difficulties in visualizing collected data
(Windhager et al., 2019), and Baratin examines issues related
to disseminating technical content (Baratin et al., 2023).

Several studies discuss the use of advanced digital tech-
nologies in cultural heritage but overlook challenges or
negative aspects. Zhang promotes the potential of digital
technologies without addressing limitations (Zhang, 2024),
Bekele compares immersive reality technologies without
exploring challenges (Bekele & Champion, 2019), and
Wagner addresses legal issues but not practical challenges
(Wagner & De Clippele, 2023). Nofal and Kukreja delve into
“digital heritage” and its applications but avoid discussing
the “dark side” of these technologies (Nofal et al, 2017;
Kukreja et al., 2024), while Innocente identifies limitations
in the field without covering negative implications
(Innocente et al., 2023).

Zhang provides a bibliometric analysis of VR, AR, and
MR technologies applied to cultural heritage but limits the
discussion to these technologies (Zhang et al., 2024). Bekele
offers an analysis of immersive technologies in cultural heri-
tage from before 2018, noting potential barriers but missing
recent advancements (Bekele et al., 2018). Piccialli summa-
rizes 12 papers published in 2016, offering an overview
rather than in-depth analysis (Piccialli & Chianese, 2017).

2.2. Application of immersive technology in cultural
heritage

The application of immersive technologies such as VR, AR,
MR, and 360-degree video experiences has become an
increasingly important area of research in cultural heritage,
with a focus on enhancing visitor engagement and expand-
ing access to artifacts and experiences. This section reviews



key literature, covering the use of immersive technology in
environmental reconstruction, data protection, visitor
experience, education, and storytelling.

Kersten et al. (2018) highlight the role of immersive tech-
nology in environmental reconstruction, outlining a two-
part workflow: 3D data recording and VR system develop-
ment, which includes motion navigation, interaction, and
multi-user design. Their work compares user experiences in
virtual and real-world environments, showcasing how
immersive technology connects the virtual with the physical
world (Kersten et al., 2018). Similarly, Hassani emphasizes
the role of digital technologies in speeding up data collec-
tion, recording, and ensuring precise outputs for heritage
documentation (Hassani, 2015).

For virtual tours of fragile or hard-to-reach historical
sites, Ruffin and Permadi explore how immersive technolo-
gies, such as VR models, enhance inclusivity by overcoming
access barriers for people with disabilities and the elderly
(Ruffino et al., 2019). Their attention to audience participa-
tion, including the use of binaural audio for realistic sound-
scapes, offers a more humanistic approach to virtual
heritage experiences (Ruffino et al., 2019).

On a larger scale, Argyriou et al. combine 360-degree
immersive video with gamification and narrative-driven vir-
tual experiences to create interactive urban environments
(Argyriou et al., 2020). They argue that combining high par-
ticipation through narrative and freedom through movement
technology leads to deeper, long-lasting audience engage-
ment (Argyriou et al., 2020).

In cultural heritage education, Anastasovitis and
Roumeliotis advocate for immersive technology to provide
safe, controlled environments for both learners and heritage
sites (Anastasovitis & Roumeliotis, 2020). VR is used, for
example, to train underwater archaeologists in excavation
tasks while protecting fragile artifacts (Anastasovitis &
Roumeliotis, 2020). These technologies also allow for remote
learning and virtual visits, proving valuable in situations
where physical access is restricted (Anastasovitis &
Roumeliotis, 2020).

Overall, immersive technologies are proving successful in
enhancing visitor experience and education in cultural heri-
tage, though the literature suggests varying levels of adop-
tion across sectors, pointing to the need for more
standardized reviews and practices.

2.3. Challenges and limitations

While immersive technologies offer significant potential for
the digital display of cultural heritage, they present several
challenges and limitations.

One major issue is the digital divide and unequal access
to advanced technology. Hassani notes that cultural heritage
professionals must continually update their skills to manage
digital projects effectively (Hassani, 2015). However, know-
ledge gaps between heritage experts, IT specialists, and sur-
veyors, as well as disparities across different regions and
socio-economic groups, exacerbate the digital divide
(Hassani, 2015). Storeide et al. highlighted data
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heterogeneity and interoperability challenges (Storeide et al.,
2023). Differences in how virtual and real-world research
emphasize either observer perception or quantitative param-
eters can lead to issues with the authenticity and integrity of
digital representations (Storeide et al.,, 2023). As a result, it
is often difficult to reuse data across different applications
due to incompatible formats, and current standards fail to
ensure uniform measurements and workflows (Storeide
et al., 2023).

User experience and technology adaptation also pose
challenges. Argyriou et al. emphasized the need to improve
user comfort by addressing factors such as high-resolution
video, smooth navigation, and guided interfaces (Argyriou
et al, 2020). However, too much guidance can reduce
immersion, and finding the right balance between comfort
and immersion remains an ongoing challenge.

Regarding cultural appropriation and the commercial use
of digital heritage have also arisen. Klinowski and
Szafarowicz discuss conflicts between copyright, ownership,
and public versus commercial interests in the digitization of
cultural heritage (Klinowski & Szafarowicz, 2023). This illus-
trates that balancing the rights of creators and owners with
public access and commercial use could still be a major
challenge. However, the potential of digital approaches to
promote wider access and create business opportunities still
requires validation through further empirical research.

These challenges highlight the need for a careful, bal-
anced approach when adopting immersive technologies in
cultural heritage, ensuring that technological progress sup-
ports rather than undermines cultural preservation.

2.4. Research gaps and emergent strategies

Despite the growing literature on the use of immersive tech-
nologies in various fields, there are still significant gaps in
comprehensive, systematic reviews that focus specifically on
their use in cultural heritage. Previous surveys have often
touched on the potential and benefits of these technologies,
but have largely overlooked a systematic exploration of the
associated challenges and negative aspects, particularly the
unintended consequences of digitization on cultural heritage.
These include, but are not limited to, issues such as digital
dependence and resistance, social ethics in the digital con-
text, and the misinterpretation of cultural heritage caused by
its diverse digital representations. Another concern is the
impact of digital technology on the “purity of media experi-
ence” in presenting cultural heritage. This concept refers to
the authenticity and immediacy with which audiences
engage with cultural heritage. Ideally, this experience should
reflect the original historical and sensory context, without
significant mediation or alteration. When individuals engage
with cultural heritage, the goal is for them to encounter it in
its unaltered form, minimally influenced by interpretive
layers, technological enhancements, or information filtering.
This principle emphasizes that the processes of media trans-
lation and interpretation should not substantially distort the
original essence of cultural heritage. Further, the use of
digital display technologies in cultural heritage can have
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potentially damaging effects, including physical damage,
light and noise pollution, historical and cultural distortions,
and threats to privacy and data security.

Existing reviews of the relationship between immersive
technology, cultural heritage and people have often focused
on specific aspects of research on how technology helps peo-
ple to enhance their understanding of cultural heritage, but
in our view this is not a comprehensive definition of the
relationship between the three. For example, Bentley et al.
describe the relationship between digital technology, the
field of artificial intelligence, and people (Bentley et al.,
2024). They identify social factors, as well as digital engage-
ment factors under the influence of digital technologies and
digital perception and experience factors as digital confi-
dence that can influence people’s attitudes toward Al
(Bentley et al., 2024). Throughout the paper, the definition
of the relationship between the three is expressed as a pat-
tern of interdependence, which is often overlooked in the
study of immersive technology and cultural heritage
(Bentley et al., 2024). Similarly, future research should focus
on digital dependence and resistance under the influence of
immersive technology, which may have an impact on the
understanding of cultural heritage.

Moreover, the social injustices that exist in digital dis-
course should not be ignored. Johnson focused on the infil-
tration and substitution of social identity into technology,
including the role presetting of gender, race, class, educa-
tional background and other factors (Johnson, 2004). That
is, the maximum value of technological progress is defined
as being associated with white, middle class, and male, and
the technical, scientific, and logical disciplines are also con-
sidered to be gender-related. Under such a trend, the devel-
opment direction of technological progress will be further
restricted, and the protection and dissemination of cultural
heritage will also fall into a single situation. The research
perspective of this paper complements our work by focusing
on the dark side of the intersection between immersive tech-
nology and cultural heritage, without addressing the ethical
issues underlying the development of either technology.

There is a clear need for urgent strategies aimed not only
at harnessing the positive potential of these technologies,
but also at mitigating their adverse effects. This study will
focus on identifying and developing such strategies, with an
emphasis on improving the efficacy of immersive technolo-
gies in cultural heritage, while addressing the ethical, social
and technological challenges they pose. This approach will
contribute to a more nuanced understanding of the role of
digital technologies in cultural preservation and engagement,
providing a balanced perspective that can guide future
implementation and policy development.

3. Method

With the aim of identifying and examining the latest status
of research in the digital applications of cultural heritage up
to 2024, we chose to conduct a scoping review. The purpose
of the scope review is to “provide an initial delineation and
assessment of the potential size and coverage of the existing

research literature.” Although the issues concerned in sys-
tematic reviews are usually relatively precise, for example,
the existing reviews in relevant fields usually focus on the
current status of the application of cultural heritage in a spe-
cific field, which is a scope-defining review, lacking a com-
prehensive and systematic research perspective exploration
that includes all the applications of cultural heritage technol-
ogies. They will clearly present and organize the relevant
field evidence found, and analyze existing research and con-
tributions under specific topics. In this paper, we conduct
research that is up-to-date in time and relatively larger in
scope, rather than proposing solutions to specific problems.
For this reason, we limit our literature screening to the full
text of papers and scope review of the technologies, applica-
tions and devices of cultural heritage.

3.1. Research questions and rationale

This review is guided by the following research ques-
tions (RQs):

e What types of equipment are primarily used, and what
technologies are commonly employed when interacting
with digital displays of cultural heritage?

o For example, are VR headsets or AR glasses more
commonly used in museum installations?

o What role do motion sensors or interactive
touchscreens play in enhancing user engagement with
cultural heritage artifacts?

e What are the key application areas developed in this
context?

o For instance, are these technologies primarily applied
in education, tourism, or preservation of intangible
heritage such as traditional crafts or oral history?

e What potential challenges or negative impacts arise from
the use of immersive technologies in cultural heritage?

o Examples could include ethical concerns over the rep-
resentation of sensitive cultural materials or the long-
term preservation of digital installations themselves.

o Additionally, there may be technical limitations such as
high costs or a lack of accessibility for certain audiences.

3.2. Search strategy

3.2.1. Identify keywords
At the beginning of the search, we tested the search results by
browsing a large number of relevant articles on Google
Scholar and trying to use some high-frequency words as key-
words. Notably, to avoid subjective interference, we chose to
be data-driven by searching for roots such as “IMMERSION” and
“INTERACTION.”  Therefore, “CurturaL  HEeritace™ AND
“TecuN*®” AND (“DicitaL” OR Immersr™ OR “MurtiMEDIA” OR
INTERACTT) were finally selected as keywords for this review.
This means that we will have access to most of the data
related to this set of words without bias in retrieval due to
our linguistic predisposition and knowledge background.

After defining the keywords related to the digitization of
cultural heritage, we searched through the keywords. ACM



Digital Library, IEEE Xplore and Scopus databases are
widely used in data retrieval of core papers and have gained
high evaluation in the industry. Therefore, we used the
above databases to retrieve 339, 520 and 4509 articles on
ACM Digital Library, IEEE Xplore and Scopus, accordingly
(5368 articles in total).

3.2.2. Search

We searched ACM Digital Library, IEEE Xplore, Scopus data-
bases using the OR operator and the AND operator between
keywords within each set. Since the search form of each data-
base is different, we give the same keyword format of the
three databases slightly different when searching. We limit our
search to an article’s title, abstract, and author keywords.

3.2.3. Preliminary literature format screening

Before the first round of screening, we first removed some
records that did not meet the criteria from the retrieved
papers, including records that were flagged as unqualified by
the automated tool, duplicate records, and records that were
deleted for other reasons. The purpose of this process is to
improve the efficiency of data refinement screening by
screening and removing targets that do not meet the criteria.
Then, we use the filter to search the database and get ACM
Digital Library (205), IEEE Xplore (513), and Scopus Search
(3822). The search logic we use is to remove papers of low
value or interference such as posters, short papers, abstract
papers, and copyright notices.

3.3. First screening

After combining the search results from the three databases, we
obtained 3907 articles as a sample for the first round of screen-
ing. For these objects, we use Excel tables for manual screening,
which is divided into three stages of the screening process. In
the first stage, we screened the articles for language and
excluded 1836 articles written in non-English. Of the 2071 sur-
viving papers, we have only retained 1448 journal papers. After
checking 623 English conference papers, we found problems
such as changing the name of the conferences, co-organizing
the conferences, and stopping the conferences. For this reason,
we believe that research based on conference papers is not very
reliable, so journal papers are listed as the main body of our
research. In the third stage, 382 journal papers were retained by
screening papers based on page count, impact factor, citations,
word of mouth, retractions, or duplication factors.

3.4. Filtering by article content

In this stage, we mainly screened the full-text content. We
condensed the 382 papers to 177 according to three evalu-
ation criteria: term application, keyword correlation, and
content coverage, and entered the final systematic study.
Figure 1 details the complete process from launching the
search to identifying the papers included in the analysis.
Based on our research questions, we defined the following
exclusion (EC) and inclusion (IC) criteria:
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EC1. Reviews or literature reviews: Reviews, literature
reviews, and opinion articles are excluded. The purpose of
this study is to analyze specific cases and original research,
not to summarize or review existing review studies.

EC2. Key terms missing: If relevant key terms (e.g., AR, VR,
immersive technologies, etc.) are not mentioned in the art-
icle, they are excluded. This reflects that the article may not
be relevant to the research topic.

EC3. Inappropriate Use of Terminology: If the description or
application of digital technology in the article is not consistent
with the context in which cultural heritage is displayed, it is
excluded. For example, if the “metadata” discussed in the art-
icle is used only for general information management or data
storage, and does not relate to its application in the presenta-
tion of cultural heritage, such as to enhance the accessibility of
cultural heritage materials, improve the interactivity of content
or enrich the visitor experience, then such use is considered an
inappropriate use of the term. Because it does not properly
reflect the important role and potential value of metadata in
the display of cultural heritage. Similarly, if the technology is
used for gamified learning or the simple presentation of cul-
tural heritage content without an in-depth discussion of its
specific application and impact in the presentation of cultural
heritage, the article does not meet the research criteria.

EC4. Lack of correlation between digital technology and cul-
tural heritage display: If the application of digital technology
in the field of cultural heritage display is not explicitly dis-
cussed in the article, even if digital technology (e.g., AR, VR,
etc.) is mentioned, it will be excluded. This is because a refer-
ence to digital technology without exploring its specific appli-
cation and impact in the display of cultural heritage does not
meet the core concerns of this study. For example, articles
that focus on the protection of cultural heritage rather than
its display, or discuss technologies that have a direct link to
the display of cultural heritage, will also be excluded.

EC5. Marginal references to digital technology: Articles will
be excluded if the reference to digital technology is only
superficial, such as a brief mention in the abstract or intro-
duction, or if the application of digital technology is weakly
linked to the display of cultural heritage and does not con-
stitute the main content of the article. This criterion aims to
ensure that the included articles focus on the practical appli-
cation and in-depth analysis of digital technologies in the
presentation of cultural heritage.

EC6. Data set introduction: If the article mainly introduces
data sets but does not explicitly mention immersive or
emerging technologies, the article will be excluded.

EC7. Lack of information: An article will be excluded if it
does not provide enough detailed information to allow the
full application of the coding standard.

IC1. Innovative applications of technology: Articles should
show how emerging technologies (e.g., artificial intelligence,
AR, VR, etc.) can be applied to the presentation and experi-
ence of cultural heritage. This includes, but is not limited to,
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[ Identification of studies via databases and registers ]
M
Records identified through
c searching multiple databases in
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) > Records deleted due to less than 5 pages (n = 753)
'g * Records not meeting the criteria: Count >= 5 and JCR 2022 IF >=1 (n
e =102)
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* Records deleted due to retraction (n = 4)
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EC 5 (n=16)
EC6 (n=8)
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3
= Studies included in review
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=
S

Figure 1. PRISMA Flow diagram illustrating the identification, screening, and inclusion process of studies for a systematic review. Initially, 5368 records were identi-
fied through searches in multiple databases (ACM digital Library, IEEE Xplore, and Scopus). After the removal of 1461 duplicates and non-relevant entries, 3907
records were further filtered. Records written in non-English languages were excluded (n = 1836), leaving 2071 papers. A total of 1448 journal papers and confer-
ence proceedings were screened, and additional exclusions were made based on criteria such as page length, impact factor, and paper quality. 177 studies were

finally included in the review.

innovative applications of technology in cultural heritage,
ways to enhance interactive experiences, and the application
of new technologies in cultural heritage education.

IC2. Integration of technology and cultural heritage: Research
should explore new ways of integrating technology and cul-
tural heritage, such as recreating historical scenes through
AR, or using VR to display cultural sites that are not physic-
ally accessible.

IC3. User Interaction and Experience: includes studies that
focus on how users interact with cultural heritage enhanced
by technology. This may involve the evaluation of user
experience, innovation in interactive design, or research into
how users perceive and understand cultural heritage through
technology.

IC4. Application-oriented research: Consider those studies in
which the application of technology is not a primary



research focus but plays a key role in the presentation of
cultural heritage. For example, a project that uses AR to aid
history education, or a study that applies machine learning
techniques to analyze cultural heritage data.

IC5. Articles requiring further reading: If, at the time of ini-
tial reading of the abstract, it is not clear whether the
articles meet the inclusion criteria, we will include them for
the second stage of screening.

For the process of the literature screening, we employed
a multi-step approach that included independent screening
by multiple authors, as well as a review by a panel of 20
experts. These experts, comprising cultural heritage presen-
tation practitioners, university scholars, and professionals
from cultural heritage protection institutions, were invited
to assess and discuss the initial selection results. Their
involvement enhances both the objectivity and credibility of
the screening process. Additionally, an anonymized table
(see Table 1) will be included in the manuscript, providing
background information on these 20 experts, such as their
role, gender, years of experience (categorized as senior
[> 15 years] or junior [< 5 years]), and professional back-
ground (i.e., academic, industry, and public sector). This
information is included to ensure greater transparency
regarding the composition and expertise of the panel.

3.5. Critical appraisal, potential bias, and limitations

The scope of the sample should be limited by a more com-
prehensive consideration of all available types of evidence in
content, without limiting the breadth of evidence sources
due to methodological quality. However, in order to obtain
a relatively more manageable set of papers, we included only
complete thesis proceedings and journal publications in the
final sample range. Apart from these screenings, we did not
exclude papers based on their methodological quality.

The keyword determination process may be influenced by
the specific papers in the research base. In addition, it is diffi-
cult for the keywords we have chosen to cover all articles in
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the relevant field, so the existing list may carry a subjective
understanding of this field of study. But because we use root
search, which avoids the limitations of subjectivity to some
extent, we are confident that we can find most relevant
papers. But this approach also leaves us with a large sample
of false positives. To reduce errors in the screening and cod-
ing stages, we used the first round of a three-stage screening
process to eliminate as many errors as possible. Our aim is to
cover the latest extensive research in the field of digital dis-
play of cultural heritage. In addition, we conducted extensive
discussion sessions to resolve conflicts and fine-track exclu-
sion/inclusion criteria, keyword descriptions, screening proc-
esses (two one-hour initial screening sessions, three one-hour
full-text screening and data extraction sessions).

4, Results
4.1. Paper review

4.1.1. Research direction

Based on the final corpus of 177 unique papers, we found
four research directions. First of all, the largest proportion
of papers are those with a specific research project as the
core research object. These papers focus on the application
of cultural heritage digitization strategies in specific sce-
narios and aim to explore a comprehensive analytical frame-
work for practical application. For example, by building a
digital platform for cultural heritage, HeGO, users can use
their uploaded images to build three-dimensional recon-
structions of sites and apply them to implement social
media games (Fontanella et al., 2021).

Second, methodological framework research, mainly dis-
cusses the solution of a kind of cultural heritage digital dis-
play problems. For example, Suominen et al propose an
approach to play culture’s internal and external cultural
heritage, discussing the relationship between history, cultural
heritage and digital technology through a four-fold table of
the relationship between cultural heritage (or history) and
digital technology (Suominen & Sivula, 2013). Third, discuss
the application of a new technology in the application of

Table 1. Anonymized background information of the 20 experts in the review panel.

Expert Gender Age Role Background Experience
1 Male 55 Professor Academic Senior
2 Female 36 PhD Student Academic Senior
3 Female 31 Historian Academic Junior
4 Male 33 Architectural Restorer Academic Junior
5 Male 46 Cultural Creative Company Owner Industry Senior
6 Female 41 Heritage Site Manager Public Sector Senior
7 Male 34 Heritage Site Interpreter Public Sector Senior
8 Male 29 Local Museum Staff Public Sector Junior
9 Male 30 National Museum Staff Public Sector Junior
10 Female 35 Cultural Heritage Column Website Manager Industry Junior
11 Female 36 Cultural Heritage Column Reporter Industry Senior
12 Male 37 Associate Professor Academic Senior
13 Male 38 Local Museum Staff Public Sector Senior
14 Male 44 Vice President of Cultural Creative Group Industry Senior
15 Male 45 Local Museum Staff Public Sector Senior
16 Female 40 Local Museum Staff Public Sector Senior
17 Male 44 Local Museum Staff Public Sector Senior
18 Female 35 Local Museum Staff Public Sector Junior
19 Male 40 Researcher Academic Senior
20 Female 33 Local Museum Staff Public Sector Junior
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multiple projects. Ardito et al. for example, propose ways to
identify and specify the attributes of Internet of Things
(IoT) devices through user-defined semantics in order to
make it easier for cross-domain experts to operate the tech-
nology and apply IoT technology more smoothly in the field
of cultural heritage (Ardito et al., 2020). Fourth, the smallest
proportion of literature review studies. Hou et al. for
example, outline the models, techniques, and practices that
drive the digitized life of intangible cultural heritage resour-
ces, looking at several key but less researched tasks such as
digital archiving, computational coding, conceptual repre-
sentation, and interactive engagement with intangible cul-
tural elements to identify advancements and gaps in existing
conventions (Hou et al., 2022).

4.1.2. Publication venue

A focus on publication venues can quickly determine the
distribution of core journals within the field. According to
the cumulative number of published papers, these papers
were published in several publishing places, among which
the most common five were Journal on Computing and
Cultural Heritage (35), Journal of Cultural Heritage (22),
Digital Applications in Archaeology and Cultural Heritage
(12), Personal and Ubiquitous Computing (12), and Heritage
Science (11).

4.2. Visual analysis

4.2.1. Sample classification analysis
We have carefully read and studied the full text of the 177
papers selected finally. We studied these papers according to
three main categories: “device,” “application,” and “technology.”
Device refers to the devices used by the audience in the
usage scenario mentioned in the paper. For example,
Hulusic mentioned in the article that Tangible User
Interfaces (TUI), in which users interact with the virtual cul-
tural heritage application through the actual operation of
the interface, can be summarized in the “mobile/PC/
LAPTOP” category (Hulusic et al., 2023). According to the
data analysis, we mainly extracted a total of 199 frequency
articles mentioned about equipment in the article. These
include AR and VR devices, touchable and interactive user
interface devices, mobile and portable devices, data acquisi-
tion scanning and printing devices, sensors and computing
devices, projection and mapping technology devices, photog-
raphy, and video capture. Among them, the most widely
used are AR and VR devices, which are mentioned 58 times,
accounting for 29.1%. VR devices account for the largest
proportion. In addition, data acquisition, 3D scanning and
printing equipment were also mentioned 45 times, account-
ing for 22.6%. 3D laser scanners and photogrammetry
equipment were used 22 times. In contrast, there are fewer
articles that mention the use of touchable and interactive
user interfaces, projection and mapping technology devices,
photography and video capture devices, and we believe that
there is still a lot of room for development in this field of
devices (see Table 2).

Application refers to the application field after the project
development mentioned in the paper. For example,
Tsiviltidou’s article explores the case of using digital story-
telling in the classroom to construct inquiry-based learning
with digital museum collections, a project applied to class-
room instruction and thus grouped under the type of appli-
cation “Education and learning” (Tsiviltidou & Vavoula,
2023). According to the data analysis, we mainly extracted a
total of 195 applications mentioned in the article, including
education and learning, community and social participation,
digitization and visualization research, virtual and AR tech-
nology applications, exhibition and museum experience
enhancement, material and intangible cultural heritage pro-
tection and management, care for special groups, a total of 7
application fields. It is worth noting that 61 articles men-
tioned the field of exhibition and museum experience
enhancement, accounting for 31.2%. There is a similar per-
formance in the field of education and learning, accounting
for 24.1%. It can be found that the application direction of
the digital display of cultural heritage is still mainly to
improve the basic function of user experience, while helping
users better understand and learn the exhibition content,
which is also the responsibility of museums. In addition, it
is worth considering that there are relatively few applications
in the field of community and social engagement, account-
ing for 9%. Therefore, we believe that in the process of
digital display of cultural heritage, we should further open
up the integration with the society and give play to the
social functions of museums. In addition, the protection of
cultural heritage and the care of special groups are the areas
with the least attention, which also reflects the gap in the
application of cultural heritage digitization in this field to a
certain extent (see Table 3).

Technology refers to the technology used in the project
development process mentioned in the paper. For example,
Echavarria et al. described the presentation of different cul-
tural heritage stories through interactive AR maps that use
AR technology to enhance physical elements, which can be
grouped under the category “Technologies for enhanced and
immersive experiences” (Echavarria et al., 2022). According
to the data analysis, we mainly extracted a total of 311 fre-
quency of articles mentioning equipment in the article. It
includes eight technology types: enhancement and immer-
sion experience technology, interactive participation technol-
ogy, social and community participation technology, content
creation and management technology, data acquisition and
analysis technology, information access and recommenda-
tion technology, physical and virtual interface integration
technology, real-time computing and multimedia technology.
Among them, the highest frequency of use is enhanced and
immersive experience technology, up to 96 times, accounting
for 30.9%. This kind of technology can be more inclined to
meet the user’s sense of experience and create more emo-
tional force in the same time and space, so it has been
invested in more attention. In addition, social and commu-
nity engagement, content creation and management, and
data acquisition and analysis are three areas where consider-
able attention has been devoted (see Table 4).
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Table 2. Categorization of devices mentioned in articles on immersive cultural heritage interaction experiences.

Device

Paper

AR

MR

VR

XR
Mobile/PC/Laptop

(Andrade & Dias, 2020; Arayaphan et al., 2022; Bergamasco et al., 2018; Bozzelli et al.,, 2019; Brancati et al., 2017; Carrozzino
et al, 2011; Cejka et al., 2020; Ch'ng et al.,, 2019; Chen et al., 2013; Chiang et al., 2023; Comes et al., 2014; Damala et al.,
2019; Echavarria et al., 2022; Gatelier et al., 2022; Hu, 2024; Jang & Kim, 2022; Krumpen et al., 2021; Lassandro et al.,
2021; Malik et al., 2021; Marcos, 2007; Neamtu et al., 2024; O'dwyer et al., 2021; Petrovic et al., 2021; Ridel et al., 2014;
Sertalp et al., 2023; Stichelbaut et al., 2021; Szabo et al,, 2017; Villa et al., 2017; Younes et al., 2016; Zhang et al., 2021;
Zhu & Chung, 2024)

(Bekele, 2019; Hammady et al., 2020; Jacobs & Loscos, 2006; Millard et al., 2020; Rahaman et al., 2019; Trunfio et al., 2023;
Zaia et al., 2022)

(Arayaphan et al.,, 2022; Argyriou et al., 2020; Bajaj & Bhattacharjee, 2024; Bergamasco et al., 2018; Bozzelli et al., 2019;
Brumana et al,, 2018; Bruno et al., 2010; Carrozzino et al., 2011; Ch'ng et al., 2019; Chen et al., 2013; Chen et al., 2010;
Ferdani et al., 2020; Gatelier et al., 2022; Ghani et al., 2020; Han et al., 2020; Hu, 2024; Kersten et al., 2018; Krumpen
et al, 2021; Lassandro et al., 2021; Leow & Ch’ng, 2021; Loaiza Carvajal et al., 2020; Lu & Li, 2023; Lutz & Weintke, 1999;
Malik et al., 2021; Mas et al., 2021; Monaco et al.,, 2022; Neamtu et al., 2024; Oc6n, 2021; Petrelli & Roberts, 2023; Serain,
2018; Tong et al.,, 2023; Wu et al., 2022; Zhang et al., 2021; Zhao, 2023)

(Neamtu et al., 2024; Zaia et al., 2022)

(Aburamadan et al., 2022; Aigner, 2016; Andrade & Dias, 2020; Arayaphan et al., 2022; Arlitsch et al., 2003; Bartolini et al.,
2016; Bergamasco et al., 2018; Bhaumik & Govil, 2020; Bruno et al., 2019; Bujari et al., 2017; Carletti, 2016; Carrozzino
et al., 2011; Carrozzino et al., 2013; Cejka et al., 2020; Celentano & Dubois, 2017; Chen et al., 2022; Civantos et al., 2016;
D’Albertis, 2018; Damala et al., 2019; Deng et al., 2019; Diaz et al.,, 2011; Dimoulas et al., 2014; Drygalska, 2024;
Froschauer et al., 2013; Giaccardi & Palen, 2008; Gil-Meliton & Lerma, 2019; Gonzalez Zarandona et al., 2018; Grainger
Clemson, 2014; Green et al., 2021; Gutierrez et al., 2007; Hess et al., 2016; Hulusic et al., 2023; Jaillot et al., 2020; Jiang
et al.,, 2019; Jones et al,, 2019; Kim et al.,, 2017; Konstantakis & Caridakis, 2020; Kuna et al., 2022; Kuroczynski, 2017;
Lazaro et al.,, 2021; Leonov et al., 2015; Li & Kim, 2023; Li & Liew, 2015; Liew, 2014; Liritzis et al., 2015; Luznik-Jancsary
et al,, 2020; Ma et al., 2023; Machidon et al., 2020; Marsili & Orlandi, 2020; Montusiewicz & Milosz, 2021; Neudecker &
Tzadok, 2010; Noardo, 2018; Not et al., 2019; Permatasari et al., 2020; Peters et al., 2015; Petrelli & Roberts, 2023; Petrovic
et al., 2021; Pietroni & Adami, 2014; Pistofidis et al., 2023; Portalés et al., 2021; Qi et al., 2023; Quattrini et al., 2020;
Rattanarungrot et al., 2024; Reerink, 2012; Renzi et al., 2023; Ricart et al., 2019; Rojas-Sola & Fuente, 2018; Scopigno et al.,
2017; Semeraro et al., 2012; Simone et al., 2021; Smirnov et al., 2017; Smith & lversen, 2014; Smith et al., 2018; Solima &

Izzo, 2018; Spagnolo et al., 2021; Styliadis et al., 2009; Tai & Sung, 2019; Tsiviltidou & Vavoula, 2023; Villa et al., 2017;
Viola, 2023; Vosinakis and Tsakonas, 2016; Vurpillot et al., 2019; Wu et al., 2022; Xiong, 2023; Zhao et al., 2020; Zhenrao
et al.,, 2021; Zhou, 2020; Zhu & Chung, 2024)

None (Adembri et al,, 2018; Balzani et al., 2024; Cheng & Chou, 2022; Cheok et al., 2017; Croix et al., 2020; Deligiorgi et al., 2021; El-
Hakim et al., 2004; Fan, 2024; Garcia-Molina et al.,, 2021; Georgopoulos, 2014; Hong et al., 2017; Hou et al., 2022; Kamariotou
et al,, 2021; Katifori et al,, 2020; Li & Ito, 2023; Li & lto, 2021; Li et al., 2023; Liang et al., 2019; Mah et al., 2019; Menna &
Nocerino, 2014; Nancarrow, 2020; Ocdn, 2023; Psomadaki et al., 2019; Raheb et al., 2021; Smithies et al., 2022; Staropoli et al.,
2023; Sutcliffe & Kim, 2014; Themistocleous, 2017; Vilbrandt et al., 2011; Wijnhoven & Moskvin, 2020; Wu, 2024; Xu et al., 2023;
Xue et al,, 2019; Yaagoubi et al,, 2019; Yan et al., 2023; Yastikli, 2007; Zhu & Chung, 2024)

In the Sankey Diagram (see Figure 2), we pay attention
to the sample correlation among the three categories so as
to conduct a quality assessment of the application types and
effects of important links in the digital display of cultural
heritage, so as to identify the advantages and disadvantages
therein. In this visual classification, we summarize the tech-
nologies of different devices in different application fields
based on the hierarchical graph model. In it, similar tech-
nologies embodied by different devices are aggregated to
form an application queue, which facilitates comparison
between finding simpler or richer device usage logic in the
run-up to the digital presentation or throughout the exhib-
ition process. Specifically, node color represents the refined
classification of different devices, applications, and technolo-
gies, node height represents the proportion of use of a given
device, application, and technology, and the flow line
between each pair of nodes represents the proportion of use
to the type of the upper level. Based on this, we found that
the use of traditional Mobile/PC/laptop terminals is still the
largest, and they are widely used in almost all sample areas,
especially to enhance the experience of exhibitions and
museum (Gao et al., 2024). It is worth mentioning that the
application of technology in the field of exhibitions and
museums is also more concentrated and rich than in other
fields. Among them, enhanced and immersive experience
technologies contribute the most. In addition, VR devices
and AR contribute similarly, but VR devices are more

widely used in education and learning. Unfortunately, the
application of XR and MR has yet to be expanded, and the
use of equipment for material and intangible heritage con-
servation and management, as well as community and social
engagement, is also limited. In addition, we also noticed that
the use of Mobile/PC/laptop side of the special population
care application has not yet realized the corresponding tech-
nical connection.

4.2.2. Development trend analysis

In addition, we also counted the publication time of the
sample. Considering that digitization and immersive presen-
tation in the field of cultural heritage have undergone sig-
nificant development over time—moving from initial
exploratory phases to more mature, diverse applications—we
have opted for a longer timeframe to capture this evolution.
We aim to cover the early emergence of related research,
the iterative technological advancements, the accumulation
of practical applications, and the most recent rapid develop-
ments in the field. We found that the number of publica-
tions has been fluctuating at a low value from 1999 to 2013,
which may be related to the low level of information tech-
nology development at that time. Since 2017, with the rapid
improvement of information technology, the number of
published articles has also begun to increase significantly,
and the blowout growth will be formed in 2023, reaching 30
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Table 3. Categorization of applications mentioned in articles on immersive cultural heritage interaction experiences.

Application

Paper

Education and Learning

Community and Social
Engagement

Digitization and
Visualization
Research

Exhibition and Museum
Experience Enhanced

Management of
(In) Tangible
Cultural Heritage

(Arayaphan et al., 2022; Argyriou et al., 2020; Arlitsch et al., 2003; Bhaumik & Govil, 2020; Carletti, 2016; Carrozzino et al,,
2013; Chen et al., 2013; Chen et al., 2010; Cheok et al., 2017; Civantos et al., 2016; El-Hakim et al., 2004; Green et al.,
2021; Kim et al., 2017; Krumpen et al., 2021; Lazaro et al., 2021; Leow & Ch'ng, 2021; Li & Ito, 2021; Lu & Li, 2023;
Marsili & Orlandi, 2020; Mas et al., 2021; Menna & Nocerino, 2014; Neamtu et al., 2024; Pietroni & Adami, 2014;
Psomadaki et al., 2019; Rattanarungrot et al., 2024; Reerink, 2012; Spagnolo et al., 2021; Styliadis et al., 2009; Sutcliffe
& Kim, 2014; Szabo et al., 2017; Tsiviltidou & Vavoula, 2023; Villa et al., 2017; Vosinakis and Tsakonas, 2016; Wu et al.,
2022; Zhao, 2023)

(Aigner, 2016; Carletti, 2016; Ch'ng et al., 2019; Chen et al., 2013; Chen et al., 2010; Chiang et al., 2023; D'Albertis, 2018;
Echavarria et al., 2022; Ferdani et al., 2020; Fontanella et al., 2021; Froschauer et al., 2013; Gonzalez Zarandona et al.,
2018; Grainger Clemson, 2014; Jaillot et al., 2020; Jones et al., 2019; Katifori et al., 2020; Machidon et al., 2020; Marcos,
2007; Millard et al., 2020; Montusiewicz & Milosz, 2021; Neudecker & Tzadok, 2010; Noardo, 2018; Psomadaki et al.,
2019; Rattanarungrot et al., 2024; Smithies et al., 2022)

(Adembri et al., 2018; Carrozzino et al., 2011; Ch'ng et al., 2019; Chen et al., 2022; Croix et al., 2020; Diaz et al., 2011;
Drygalska, 2024; El-Hakim et al., 2004; Fan, 2024; Fontanella et al., 2021; Georgopoulos, 2014; Giaccardi & Palen, 2008;
Gil-Meliton & Lerma, 2019; Jacobs & Loscos, 2006; Kuroczynski, 2017; Liang et al., 2019; Qi et al., 2023; Quattrini et al.,
2020; Rahaman et al., 2019; Ricart et al., 2019; Rojas-Sola & Fuente, 2018; Serain, 2018; Smith et al., 2018; Spagnolo
et al.,, 2021; Tai & Sung, 2019; Viola, 2023; Vurpillot et al., 2019; Xiong, 2023; Yastikli, 2007; Zhang et al., 2021; Zhu &
Chung, 2024)

(Adembri et al., 2018; Aigner, 2016; Ardito et al., 2020; Arlitsch et al., 2003; Bajaj & Bhattacharjee, 2024; Bartolini et al.,
2016; Bergamasco et al., 2018; Bruno et al., 2010; Bruno et al., 2019; Carletti, 2016; Carrozzino & Bergamasco, 2010;
Celentano & Dubois, 2017; Civantos et al., 2016; D'Albertis, 2018; Drygalska, 2024; Georgopoulos, 2014; Ghani et al.,
2020; Giaccardi & Palen, 2008; Gil-Meliton & Lerma, 2019; Gutierrez et al., 2007; Gutierrez et al., 2007; Hess et al., 2016;
Jiang et al., 2019; Kamariotou et al., 2021; Lazaro et al., 2021; Leonov et al., 2015; Li & Ito, 2023; Li & Liew, 2015; Liew,
2014; Liritzis et al.,, 2015; Lutz & Weintke, 1999; Mah et al., 2019; Monaco et al., 2022; Neamtu et al., 2024; Noardo,
2018; Not et al., 2019; Ocdn, 2021; Peters et al., 2015; Petrelli & Roberts, 2023; Portalés et al., 2021; Quattrini et al.,
2020; Renzi et al.,, 2023; Rojas-Sola & Fuente, 2018; Scopigno et al., 2017; Serain, 2018; Simone et al., 2021; Smith &
Iversen, 2014; Solima & lzzo, 2018; Styliadis et al., 2009; Tong et al., 2023; Villa et al., 2017; Wu, 2024; Yaagoubi et al.,
2019; Zhao, 2023; Zhenrao et al., 2021; Zhou, 2020)

(Aburamadan et al.,, 2022; Arayaphan et al., 2022; Balzani et al., 2024; Diaz et al., 2011; Dimoulas et al., 2014; Garcia-
Molina et al., 2021; Green et al., 2021; Han et al., 2020; Hess et al., 2016; Hou et al., 2022; Kuna et al., 2022; Li & Kim,
2023; Ma et al., 2023; Malik et al., 2021; Nancarrow, 2020; Permatasari et al., 2020; Raheb et al., 2021; Semeraro et al.,
2012; Staropoli et al., 2023; Themistocleous, 2017; Vilbrandt et al., 2011; Xiong, 2023; Xue et al., 2019; Zhao et al., 2020)

Care for special (Pistofidis et al., 2023)
peopled

None

(Hong et al., 2017; Konstantakis & Caridakis, 2020; Suominen & Sivula, 2013; Wijnhoven & Moskvin, 2020)

articles. However, the number of published documents in
2020-2022 has dropped slightly, which we suspect may be
related to the impact of the global novel coronavirus epi-
demic, and the development of relevant technologies is also
limited. It is worth noting that the number of 2024 publica-
tions shown in the figure is less than 5, because we used the
data up to January 2024 when compiling the data, so the
2024 data shown in the figure is not very valuable for refer-
ence. However, according to our trend forecast, the publica-
tion volume in the relevant field is likely to maintain
significant growth in 2024 (see Figure 3).

5. Discussion
5.1. Strengths and benefits of immersive cultural heritage

Based on the analysis of the sample, we have sorted out and
summarized the advantages of the equipment, applications and
technologies. It is mainly divided into the following aspects:
enlarging the sense of participation and experience, stimulating
social attributes, promoting education and knowledge dissem-
ination, optimizing the form of technological realization, and
promoting heritage protection and dissemination. First,
through the use of digital technologies and resources, a richer
sensory experience can be obtained in an innovative narrative
mode in the environment, deepening the memory of visitors
for cultural heritage information (Liritzis et al, 2015).
Personalized, real-time, present and entertaining digital display

tools can drive visitors to participate in the exhibition more
actively (Buono et al., 2022).

Secondly, the equipment, technology and application of the
digitization of cultural heritage can further stimulate the social
character of the exhibition (Bautista, 2023). For example, in
exhibition design, the combination of physical and digital can
promote social interaction and community connection, thus
promoting cultural transmission and cross-cultural communi-
cation, and realizing community co-creation. The use of social
tags can make the digital system more accurately capture user
interests and enrich user profiles (Oomen & Aroyo, 2011).

Third, in the field of education, digital intervention
affects the whole process of knowledge dissemination (Ott &
Pozzi, 2011). In the lead-up period, digital technologies,
devices and applications can provide rich learning resources
and make them easier to access and discover (Jang & Kim,
2022). In the process of knowledge transmission, because of
the vividness and individuation of the educational experi-
ence, the autonomy and efficiency of learning are greatly
improved (Semeraro et al., 2012). In addition, in terms of
the cultivation of learning thinking, digitization presents a
more diverse and fluid knowledge form, helping learners to
cultivate a more comprehensive thinking mode, interdiscipli-
nary thinking ability, critical analysis ability, and deep-seated
aesthetic experience, thus producing more creative and for-
ward-looking expressions (Kuroczynski, 2017).

Fourthly, in terms of technology implementation, logical
digital methods, clearer visual expression, wide accessibility,
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Table 4. Categorization of technology mentioned in articles on immersive cultural heritage interaction experiences.

Application

Paper

Enhanced and Immersive
Experience

(Aigner, 2016; Argyriou et al., 2020; Arlitsch et al., 2003; Bruno et al., 2010; Bruno et al., 2019; Carrozzino & Bergamasco,
2010; Carrozzino et al., 2013; Deligiorgi et al., 2021; El-Hakim et al., 2004; Giaccardi & Palen, 2008; Grainger Clemson,

2014; Gutierrez et al., 2007; Jiang et al.,, 2019; Kamariotou et al., 2021; Kim et al., 2017; Kuroczynski, 2017; Leonov
et al,, 2015; Li & Ito, 2023; Li & Ito, 2021; Lutz & Weintke, 1999; Menna & Nocerino, 2014; Scopigno et al., 2017;
Simone et al., 2021; Staropoli et al., 2023; Styliadis et al., 2009; Xiong, 2023)

Interaction and
Participation

(Bajaj & Bhattacharjee, 2024; Bozzelli et al., 2019; Carrozzino et al., 2011; Cheok et al., 2017; Damala et al., 2019;
Drygalska, 2024; Ferdani et al., 2020; Han et al., 2020; Hess et al., 2016; Hou et al., 2022; Leonov et al., 2015; Leow &

Ch'ng, 2021; Li & Liew, 2015; Ma et al., 2023; Mah et al., 2019; Psomadaki et al., 2019; Raheb et al., 2021; Smith &
Iversen, 2014; Sutcliffe & Kim, 2014; Viola, 2023; Wu et al., 2022; Zhao et al., 2020)

Social and Community
Engagement

(Bozzelli et al., 2019; Bujari et al.,, 2017; Carletti, 2016; Chen et al., 2013; Chen et al., 2010; Damala et al., 2019; Fontanella
et al., 2021; Froschauer et al., 2013; Kuroczynski, 2017; Leonov et al., 2015; Neudecker & Tzadok, 2010; Psomadaki

et al,, 2019; Rahaman et al., 2019; Rattanarungrot et al., 2024; Semeraro et al., 2012; Smith & Iversen, 2014; Suominen
& Sivula, 2013; Vurpillot et al., 2019; Wu et al.,, 2022)

Content Creation and
Management

(Arayaphan et al.,, 2022; Bhaumik & Govil, 2020; Bozzelli et al., 2019; Brumana et al., 2018; Chen et al., 2022; D'Albertis,
2018; Damala et al., 2019; Diaz et al., 2011; Dimoulas et al., 2014; Gonzalez Zarandona et al., 2018; Hou et al., 2022;

Hulusic et al., 2023; Kamariotou et al., 2021; Katifori et al., 2020; Kuna et al., 2022; Leonov et al., 2015; Leow & Ch'ng,
2021; Li et al., 2023; Liew, 2014; Ma et al., 2023; Marcos, 2007; Marsili & Orlandi, 2020; Menna & Nocerino, 2014; Océn,
2021; Ocon, 2023; Pietroni & Adami, 2014; Psomadaki et al., 2019; Qi et al., 2023; Reerink, 2012; Sertalp et al., 2023;
Simone et al., 2021; Smith & Iversen, 2014; Smithies et al., 2022; Stichelbaut et al., 2021; Styliadis et al., 2009; Szabo
et al,, 2017; Tsiviltidou & Vavoula, 2023; Xiong, 2023; Yan et al., 2023)

Data Acquisition and
Analysis

(Adembri et al., 2018; Ch'ng et al., 2019; Comes et al., 2014; Fontanella et al., 2021; Garcia-Molina et al., 2021;
Georgopoulos, 2014; Gil-Meliton & Lerma, 2019; Hess et al., 2016; Kuroczynski, 2017; Lazaro et al., 2021; Leonov et al.,

2015; Liang et al., 2019; Liritzis et al., 2015; Luznik-Jancsary et al., 2020; Mas et al., 2021; Menna & Nocerino, 2014;
Ocdn, 2021; Pietroni & Adami, 2014; Pistofidis et al., 2023; Quattrini et al., 2020; Rahaman et al., 2019; Rojas-Sola &
Fuente, 2018; Spagnolo et al., 2021; Styliadis et al., 2009; Tai & Sung, 2019; Themistocleous, 2017; Wu et al., 2022;

Yaagoubi et al., 2019; Yastikli, 2007)

Information Access and
Recommendations

and Tsakonas, 2016; Xu et al., 2023)

Physical and Virtual

(Arayaphan et al., 2022; Cheok et al., 2017; Fan, 2024; Giaccardi & Palen, 2008; Kuroczynski, 2017; Leonov et al., 2015; Li
et al.,, 2023; Machidon et al., 2020; Noardo, 2018; Permatasari et al., 2020; Serain, 2018; Simone et al., 2021; Vosinakis

(Ardito et al., 2020; Brancati et al., 2017; Krumpen et al., 2021; Liritzis et al., 2015; Malik et al., 2021; Montusiewicz &
Milosz, 2021; Neamtu et al., 2024; Not et al.,, 2019; Ocdn, 2021; Pistofidis et al., 2023; Simone et al., 2021; Vilbrandt

(Anastasovitis & Roumeliotis, 2020; Bartolini et al., 2016; Bergamasco et al., 2018; Celentano & Dubois, 2017; Chen et al.,
2013; Civantos et al., 2016; Drygalska, 2024; Jaillot et al., 2020; Marsili & Orlandi, 2020; Ocon, 2023; Quattrini et al.,

Interface
Integration et al.,, 2011; Villa et al., 2017; Zhenrao et al., 2021)
Real-time Computing and
Multimedia
2020; Renzi et al., 2023; Smirnov et al., 2017; Wu, 2024; Zhao, 2023)
None

(Aburamadan et al.,, 2022; Cheng & Chou, 2022; Deng et al., 2019; Hong et al., 2017; Jones et al,, 2019; Konstantakis &

Caridakis, 2020; Li & Kim, 2023; Ricart et al., 2019; Solima & Izzo, 2018; Xue et al., 2019; Zhou, 2020; Zhu & Chung, 2024)

research efficiency and accurate implementation reduce the
technical threshold to a certain extent, improve the technical
acceptance of non-professionals, and provide an easy-to-
accept learning tool for the dissemination of cultural heri-
tage (Younes et al., 2016). On one level, digital technology is
cheaper and easier to implement than traditional forms of
exhibition.

Fifth, in terms of the protection and dissemination of cul-
tural heritage, digital technology, equipment, and applica-
tions create more opportunities for the discovery of details,
ensure the integrity and accuracy of data, and enhance the
visualization of cultural heritage details to provide more
powerful support for the cultural heritage itself (Yastikli,
2007). In addition, digital tools have opened up new possi-
bilities when visiting cultural heritage, helping to reduce
risks, improve accessibility and make it more humane
(Liritzis et al., 2015).

In general, digital technologies and applications have
brought unprecedented advantages to the exhibition, dissem-
ination and conservation of cultural heritage. These technol-
ogies not only enhance the sensory experience and social
interaction of participants but also promote the dissemin-
ation of knowledge and the development of education
through innovative ways. At the same time, digital technol-
ogy has lowered the technical threshold of cultural heritage
protection, promoted broader audience participation, and
provided strong support for the inheritance and

development of cultural heritage. Through these techno-
logical means, cultural heritage can be more widely dissemi-
nated while being protected, enhancing the possibility of
cross-cultural communication, and further promoting cul-
tural diversity and global understanding.

5.2. Challenges and limitations in immersive cultural
heritage

We have also sorted out and summarized the shortcomings
of the equipment, applications and technologies. Mainly div-
ided into the following aspects: technical barriers, sustain-
ability, experience, and safety. First, technical understanding
and operational difficulties may hinder initial users and spe-
cial groups such as children and the elderly, affecting the
access experience. In addition, high digitalization and exces-
technological dependence make cultural heritage
dependent on specific hardware and software platforms,
which can lead to technical failures and compatibility issues
(Krol & Hernik, 2006).

Secondly, sustainability issues are first reflected in terms
of duration, technology and financial investment, which may
be applied to the wider field of cultural heritage display
(Borin & Donato, 2023). In addition, users are unstable,
changing participation, diverse cultural and political differ-
ences, and personalized dynamic needs mean that the digital

sive
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application of cultural heritage needs more long-term and
stable support (Borin & Donato, 2023).

Third, the audience’s sense of experience will be affected by
information overload, and the huge amount of information
will make some experience groups feel at a loss. What is more
obvious is that the full application of digitalization will lead to
the limitation of cultural authenticity and physical experience,
and it is difficult to fully convey the cultural background and
deep meaning of some traditional crafts, resulting in defects in
audience understanding (Corona, 2023). Maintaining a balance
between virtual content and the real world environment can
be a challenge, and too many virtual elements can also distract
visitors (Newell, 2012).

Fourth, security issues are reflected in the protection of cul-
tural heritage and copyright issues, user personal data privacy

and security issues (Manzuch, 2017). In addition, for some
users, the VR experience may cause motion sickness effects
and reduce the quality of the experience (Chattha et al., 2020).

Overall, while digital technologies bring significant
advantages to the display and preservation of cultural heri-
tage, there are still some challenges and limitations that
need to be addressed. The complexity and platform depend-
ence of technical operations may limit the participation of
some groups, and technical failures and compatibility issues
are unavoidable. The sustainability of digital applications is
also under long-term pressure from changes in funding,
technology and user needs. In addition, information overload,
the weakening of cultural authenticity, and the replacement
of physical perception by virtual experiences may affect the
audience’s deep cultural understanding. Security issues can



not be ignored, involving the protection of cultural copy-
right and user privacy (Mulumba et al, 2017). While pro-
moting the digitization of cultural heritage, we must actively
address these issues to ensure its long-term stable and
healthy development.

5.3. Gaps and risks in current immersive cultural
heritage practices

We also found some areas that have not been fully explored
in the research, and these missing parts may have an impor-
tant impact on the digital display and dissemination of cul-
tural heritage. It is manifested in the misinterpretation of
cultural heritage, the influence of purity in media experi-
ence, and the potential damage of cultural heritage.

5.3.1. Overinterpretation or misinterpretation of cultural
heritage in immersive representations

Digital immersion in the presentation of cultural heritage
can sometimes lead to over-interpretation or misunderstand-
ing, thus deviating from the original intention of technical
intervention (Muir, 2009). For example, one of the purposes
of digital artefacts is to deepen the understanding and
appreciation of real artefacts. When the focus is no longer
on content but on technology, it may not be easy to use and
distract visitors from the cultural heritage, leading to
technological bias (Havemann et al., 2008).

In addition, 3D reconstruction techniques have been
implemented in many significant research projects for digital
cultural heritage (Colombo et al., 2005; Keep, 2022); how-
ever, these techniques sometimes rely excessively on imagin-
ation and/or visual additions (Gomes et al., 2014; Han et al.,
2021). Spatiotemporal discrepancies, contextual detachment
of real data, and technical errors in digital databases can fur-
ther distort public understanding and compromise authenti-
city (Colombo et al., 2005).

5.3.2. The impact on “purity in media experience”

The overuse of digital technology may compromise the
“purity in media experience” in the display of cultural heri-
tage (Laskowska & Marcynski, 2016). The excessive use of
technology may cause the original cultural details of the cul-
tural heritage to be lost and the deep meaning to be tam-
pered with or ignored, resulting in the cultural
interpretation and historical background being covered up
by the technical display, deviating from the essence of the
exhibition. From the audience level, if there are too many
digital elements and interactive content, the too rich sensory
experience will make it difficult for the audience to concen-
trate on the exhibition, interfere with the audience’s recep-
tion of the exhibition content information and in-depth
thinking process so that the cultural heritage exhibition will
be confined to the technical display level (Havemann et al,,
2008).
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5.3.3. Potential damage to cultural heritage from immer-
sive practices

Digital display technologies can also pose risks to cultural
heritage. Light and noise pollution, along with excessive vis-
itor interaction, can cause physical damage (Méndez et al,
2022). At the same time, it is also necessary to consider the
indirect effects of light on cultural heritage sites, such as the
harm caused by the attraction of phototaxis (Verovnik et al.,
2015). Inappropriate light can affect the creation of emo-
tions as well as suggest, evoke and support the visitor
experience (Di Salvo, 2014). One example is the night tour
at the Longmen Grottoes in Luoyang, China (Liu et al,
2012). Field research revealed that the tour was initially sus-
pended after experts warned that the lights attracted insects,
which in turn drew animals whose droppings damaged the
cave structures (Liu et al., 2012). The tour resumed after
replacing the light source based on expert advice (Li & Hua,
2024). This case shows that the impact of light shows varies
depending on the materials of the heritage site, highlighting
the need for tailored protection measures (Bista et al., 2021).
Similarly, a light show at the Great Wall was halted due to
public and expert opposition, for reasons that we do not
know, but may have been largely due to concerns that the
site was over-commercialized, compromising its conserva-
tion, or including excessive brightness, glare, uneven light
distribution, inappropriate color temperature, poor color
rendering index, as well as resulting in excessive lighting,
light clutter, and light intrusion (Bista et al., 2021; Zielinska-
Dabkowska & Xavia, 2018). These cases illustrate the deli-
cate balance between cultural heritage preservation and
public display.

5.3.4. Other issues in immersive cultural heritage practices
In addition to the previously mentioned risks, several other
challenges have surfaced in the application of immersive
technologies in cultural heritage preservation and exhibition.
These challenges are associated with ethical concerns, eco-
nomic disparity, and technological standardization, each of
which warrants deeper investigation and consideration.

One notable issue is the ethical dilemma associated with
the virtual reproduction of sensitive cultural sites. When
sacred Spaces or emotionally charged historical events are
portrayed in virtual form, people may worry about the trivi-
alization or commodification of cultural experiences. Sites
such as war or disaster memorials are critical to the sensitiv-
ity of cultural and historical contexts (Arthur, 2014). The
line between educational engagement and the commercial-
ization of tragedy or sacred heritage is often blurred, leading
to potential ethical violations (Drakakis, 2020). Another
important aspect is that when Western frameworks are used
for immersive exhibition and Virtual Representation of indi-
genous knowledge, this can distort its cultural integrity,
hence the need for a more inclusive and participatory
approach (Manzuch, 2017).

The rapid adoption of immersive technologies in cultural
heritage has also raised concerns about economic inequality
(Franks, 2017). Many cultural institutions, especially those
in developing regions, may lack the funds or resources to
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integrate advanced technologies into their exhibitions
(Franks, 2017). This has created a growing gap between
well-funded museums and smaller institutions or sites that
rely on traditional methods of preservation and exhibition
(Franks, 2017). In addition, visitors from disadvantaged eco-
nomic backgrounds may not have access to expensive VR or
AR headsets, which may prevent them from having a full
range of cultural experiences (Franks, 2017). Thus, access to
the democratization of immersive cultural heritage experien-
ces remains an unsolved challenge (Franks, 2017).

Another concern is the lack of standardization in the devel-
opment and application of technologies for immersive experien-
ces. Different institutions often adopt proprietary technologies,
leading to compatibility and interoperability issues between
digital platforms (Apeldoorn & Volkers, 2024). This fragmenta-
tion can hinder the seamless sharing and preservation of digital
cultural heritage across borders, as well as the long-term sus-
tainability of digital archives (Hamad & Jia, 2022). Without uni-
versally accepted standards, organizations may face challenges
maintaining or upgrading immersive installations, especially as
technology evolves.

While immersive experiences offer new ways to interact
with cultural heritage, they also have the potential to discon-
nect viewers from the material and tactile quality of physical
artifacts. The ability to touch, feel, or closely examine the
texture and craftsmanship of objects is often necessary for
the full appreciation of cultural heritage (Feng et al., 2022).
Immersive technologies can simulate these qualities to a cer-
tain extent, but the loss of materiality can distance visitors
from the physical reality of heritage, reduce their sensory
engagement, and may lead to a superficial understanding of
cultural artifacts.

These issues highlight the complexity and risks of using
immersive technologies in cultural heritage. While there are
many benefits, these emerging challenges must be addressed
to ensure that immersive cultural heritage practices remain
respectful, inclusive and sustainable.

6. Conclusion and future work

In this paper we have provided a comprehensive review of
the application of immersive technologies in cultural heri-
tage, identifying key opportunities, challenges, and gaps in
the field. Analyzing over 5,000 articles, we distilled insights
from 177key papers to map the current landscape of
immersive technologies, including VR, AR, and MR, and
their use in cultural heritage. Our findings highlighted the
transformative impact of these technologies in enhancing
preservation, education, and cultural dissemination, offering
personalized, interactive experiences that deepen audience
engagement and promote cross-cultural dialogue.

However, grand challenges remained, including tech-
nical barriers such as platform dependence and interoper-
ability, sustainability concerns, and risks of diminishing
cultural authenticity through digital reconstructions. Data
privacy and misrepresentation of cultural heritage are criti-
cal considerations that must be addressed alongside other
ethical issues. Ensuring responsible use of these technologies

requires a balanced approach that respects both the tech-
nical and ethical dimensions. Furthermore, addressing
these areas necessitates ongoing research to ensure that the
development of digital and immersive display technologies
honors the essence of cultural heritage and aligns with
societal expectations.

Future research should focus on addressing these challenges
through sustainable, scalable solutions, balancing innovation
with cultural authenticity, and fostering collaborations between
cultural heritage experts and technologists. Additionally, greater
awareness of the ethical and social implications of these tech-
nologies is needed, especially in regard to cultural representa-
tion and intangible heritage. By overcoming these challenges,
immersive technologies can reshape how we engage with cul-
tural heritage, creating more inclusive and globally accessible
experiences. Our findings offer a roadmap for future research
and practice in this evolving field.

We also plan to organize a workshop with practitioners
in cultural heritage, as well as experts in VR/AR and immer-
sive interactive technologies, to exchange ideas on creating
more inclusive and engaging experiences for users. We aim
to collaborate with governments and relevant institutions
(for example, museums) to develop more comprehensive
cultural heritage experiences, including advanced equipment
and dedicated venues.

Note

1. https://whc.unesco.org/en/conventiontext.
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