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The impact of extended reality
technologies (XR) on the
enhancement of cultural heritage
experience: a bibliometrics analysis

Alice Fontana™

Abstract

In recent decades, Extended Reality (XR) technologies, including Augmented Reality
(AR), Virtual Reality (VR), and Mixed Reality (MR), have been increasingly adopted by
cultural institutions to enhance heritage preservation and offer new modes of engagement.
This shift has generated growing interest in international research, with a significant rise in
publications over the past decade focusing on how visitors perceive and evaluate these tech-
nologies. This study presents a bibliometric analysis of academic literature from 1985 to
2024, using a PRISM A-based protocol to rigorously identify relevant studies. The aim was
to map the development of research on the topic, identify key trends, and assess the meth-
odologies used to evaluate the impact of immersive technologies on cultural experiences.
The findings highlight four main areas of investigation: the role of XR in cultural tourism,
its effect on visitor behavior, its contribution to learning processes, and the factors influ-
encing its acceptance and adoption. In conclusion, the study identifies emerging research
directions and underscores the need for further exploration of the long-term implications
of XR in cultural heritage engagement.

* PhD student in Digital Cultural Economics, La Rochelle Université, 23 avenue Albert Ein-
stein, La Rochelle, France; research units: NUDD (Usages du Numérique pour le Développement
Durable), LabEx ICCA (Industries Culturelles & Création Artistique) and IRMECCEN (Institut
de Recherche Médias, Cultures, Communication et Numérique), e-mail: alice.fontana@univ-Ir.fr.
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Negli ultimi decenni, le tecnologie Extended Reality (XR), tra cui la Realtd Aumentata
(AR), la Realta Virtuale (VR) e la Realta Mista (MR), sono state progressivamente adot-
tate dalle istituzioni culturali per favorire la conservazione del patrimonio e offrire nuove
modalita di fruizione. Questo cambiamento ha suscitato un crescente interesse nella ricerca
accademica, con un notevole aumento delle pubblicazioni incentrate sulla percezione e
valutazione di tali tecnologie da parte dei visitatori. Il presente studio propone un’analisi
bibliometrica della letteratura accademica dal 1985 al 2024, utilizzando un protocollo di
selezione basato sulle linee guida PRISMA al fine di garantire un’identificazione rigorosa
degli studi rilevanti. Lobiettivo & quello di mappare I’evoluzione della ricerca accademica,
individuare le principali tendenze e analizzare le metodologie impiegate per valutare Iim-
patto delle tecnologie immersive sulle esperienze culturali. T risultati evidenziano quattro
principali ambiti di indagine: il ruolo della XR nel turismo culturale, il suo effetto sul
comportamento dei visitatori, il contributo ai processi di apprendimento e i fattori che ne
influenzano I’accettazione e I’adozione. In conclusione, lo studio individua nuove direzioni
emergenti nella ricerca e sottolinea la necessita di approfondire le implicazioni a lungo ter-
mine dell’impiego della XR nella valorizzazione del patrimonio culturale.

1. Introduction

Over the past decades, cultural heritage institutions have undergone dig-
ital transformation and have started using new information technologies to
enhance cultural heritage and improve audience development'. The applica-
tion of these technological developments is reshaping the concept of cultural
heritage where the physical and digital layers are becoming increasingly in-
terconnected, enhancing the meaning and value of the original object. This
strong interconnection can be defined as Phygital Cultural Heritage, which is
characterized by the space (the graphic field), the heritage object (the attractive
elements) and the users>. Among the various technologies used to experience
Phygital Cultural Heritage, particular attention is given to Extended Reality
(XR) technologies due to their high capacity for engagement. According to
Fast-Berglund et al., Milgram et al. and Silva and Teixeira®, the term XR de-
fines a spectrum (Fig. 1) of new media technologies such as Augmented Reality
(AR), Virtual Reality (VR), and Mixed Reality (MR) that differ in the degree
of involvement and technologies used.

! Bakhshi, Throsby 2010; Carrozzino, Bergamasco 2010; Potts 2014.
2 Lo Turco, Giovannini 2020.
3 Fast-Berglund et al. 2018; Milgram et al. 1995; Silva, Teixeira 2022.
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Extended reality (XR)

Mixed reality (MR)

Augmented Augmented Virtual

reality (AR) virtuality (AV) reality (VR)

PHYSICAL VIRTUAL
SYSTEM SYSTEM

Fig. 1. Relation between XR technologies and environment (Source: adaptation from Mil-
gram et al. 1995)

Virtual Reality, when fully exploited, completely immerses the users in an
environment entirely computer-generated (e.g., virtual computer simulated
world or reproduction); Augmented Reality enhances reality by adding spa-
tially aligned computer-generated information (e.g., 3D models, textual anno-
tations) onto the user’s surroundings through specialized display technologies;
and Mixed Reality is characterized by the total blend of virtual elements (e.g.,
holograms or projections) with the real world so that users can interact simul-
taneously with both digital and real contents®.

According to Gans and Nagaraj’, the success of these technologies is due to
the fact they reduce both the cost of obtaining and processing information and
the cost of accessing complex, uncertain, and risky environments, all while
maintaining a high degree of immersiveness. This dual benefit makes them a
useful tool for the mediation and enhancement of cultural heritage.

In recent years, an increasing number of cultural heritage institutions have
applied or are applying immersive technologies to enhance the preserved her-
itage and make it more accessible®. The comparative analysis of current usage
and future planning of immersive technologies in exhibitions, based on data
from the Museum Innovation Barometer’, highlights a significant growth in
the adoption of Extended Reality. Although Augmented Reality (18%), Virtu-
al Reality (21%), and immersive audio (23%) represented a relatively limited

4 Beck et al. 2019; Leopardi et al. 2021.
* Gans, Nagaraj 2023.

¢ Bekele et al. 2018; ICOM France 2023.
7 Museum Booster 2021.
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share of the technologies employed, the planning implementation indicates
an expansion of these tools, with Augmented Reality reaching 34%, Virtual
Reality 30%, and immersive audio 28%. This trend is followed not only by
major museums such as the British Museum®, which launched Virtual Reality
(VR) to offer its visitors an immersive and spectacular experience, but also
smaller like the Museum of Traditional Valdostan Crafts (MAV), which has
incorporated Virtual Reality (VR) to enhance the emotional response to her-
itage and culture and increase user engagement’. The introduction of these
technologies, on the one hand, seems to meet the need for cultural consump-
tion that is increasingly interactive and dynamic, intensifying its experiential
character'’ and, on the other hand, helps cultural institutions to enhance the
heritage they preserve allowing many consumers to perceive, understand, and
appreciate its value'!.

According to the report published by EMISSIVE!?, the growing public in-
terest in these immersive projects underlines the importance of digital tech-
nology as a mediating ecosystem and lever for growth, disrupting cultural
consumption habits. This is evidenced by the success of spaces such as the
Atelier des Lumieres (Culturespaces) and its immersive exhibition. Since its
opening in 2018, the Atelier des Lumiéres has experienced remarkable growth
by welcoming 1,2 million visitors'.

With the increasing production of immersive technology projects imple-
mented by cultural institutions to enhance their heritage and make it more
immersive, studies on their application in cultural institutions have also in-
creased'*. However, a gap remains in understanding how visitors perceive
these technologies, as well as their actual attitudes and motivations toward
this innovation®. In this context, there is an emerging need to understand the
landscape of literature surrounding the consumption of immersive technolo-
gies applied to the cultural heritage sector and the perceived value of the con-
sumption experience. This knowledge will be useful for identifying emerging
trends in Extended Reality, understanding their future evolution, and assess-
ing their impact.

8 Schofield et al. 2018.

? Pioletti 2024.

® Valeri 2018.

1 Cerquetti et al. 2024; Golinelli 2015; Montella 2009.

2 EMISSIVE 2024.

13 <https://www.atelier-lumieres.com/fr/decouvrir/un-peu-dhistoire>, 30.01.2025.
14 Bekele et al. 2018; Poulopoulos, Wallace 2022; Zhou et al. 2022.

5 J.Lietal. 2023.

=
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2. Objective and methodology

Despite existing reviews on the use of immersive technologies in cultural
heritage'®, gaps remain in understanding their impact on cultural consumption
and its valuation. In fact, while Bekele et al. and Poulopoulos and Wallace!”
focused their attention on the application of Extended Reality technologies
in cultural heritage, Zhou et al.'"® have focused on their effect on museum
learning, and Li et al. have focused on user experience, but limited only to the
museum context. This study bridges these gaps by providing a comprehensive,
up-to-date analysis of recent advancements (1985 — early 2024) in Augmented
Reality, Virtual Reality, Mixed Reality, and Extended Reality applied to Cul-
tural Heritage.

This study conducts a bibliometric analysis of the existing literature on
immersive technologies applied to cultural heritage and their consumption ex-
periences to answer the following research questions:

RQ1. How has academic research on the consumption and valuation
of immersive technologies experience in cultural heritage evolved
over time?

RQ2. What are the key findings and contributions of recent studies on
immersive technology experiences in the context of cultural heri-
tage?

The decision to adopt a bibliometric analysis was guided by the nature of
the research questions and the characteristics of the research field examined.
Bibliometric analysis summarizes large quantities of bibliometric data to pres-
ent the state of the intellectual structure and emerging trends of a research
topic, analyzing the social and structural relationships between different re-
search components, such as authors and keywords. This approach provides
a comprehensive overview of the topic, allowing researchers to identify key
trends, knowledge gaps, and emerging topics’. Considering the aims of the
research, the bibliometric approach was considered the most suitable, allowing
for a quantitative assessment of scientific production and thematic develop-
ment, while at the same time enabling a qualitative interpretation of emerging
patterns and research directions. To ensure transparency and methodological
rigor in the article selection process, a Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) protocol was adopted (Fig. 2) for
guiding the inclusion and exclusion process, following emerging best practices
in bibliometric research?’. This ensured a replicable and structured approach

N

Bekele et al. 2018; J. Li et al. 2023; Poulopoulos, Wallace 2022; Zhou et al. 2022.
Bekele et al. 2018; Poulopoulos, Wallace 2022.

Zhou et al. 2022.

Donthu et al. 2021; Oztiirk et al. 2024.

20 Donthu et al. 2021.

[
© w9
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to data collection, without compromising the fundamentally quantitative and
exploratory nature of the analysis®'.

The database used in this search is Web of Science where the following que-
ry was conducted: TS=((“museum*” or “cultural.heritage” or “creative.indus-
tr*” or “cultural.industr*”) AND (“XR” OR “VR” OR “AR” OR “MR” OR
“virtual reality” OR “extended reality” OR “augmented reality” OR “mixed
reality”)) and with the following inclusion criteria: English (Languages) and
Conference Proceedings Citation Index — Social Science & Humanities (CP-
CI-SSH) or Social Sciences Citation Index (SSCI) or Arts & Humanities Cita-
tion Index (A& HCI) or Book Citation Index — Social Sciences & Humanities
(BKCI-SSH) (Web of Science Index). The query was formed on the field “Title,
abstract, author keyword” with a time range 1985-2024.

By using PRISM A methodology, this study analyzes 644 records, ultimate-
ly focusing on 50 papers that fully address the topic.

[ Identification of studies via databases and registers ]

—

5 Remr33 igentiie&i;mm*: Records removed before
= oS (n= ) screening:
o > Duplicate records removed
!1:5 " (n=10)
@ n Records without abstract
o 9" November 2023 removed (n = 13)

!

) 5 -
Records screened Oﬁ't?(f'c an::l ;e%h-on:.ntec:h
(n=621) 5 r(::;o sixcue reading the
10" November- 13" December abstract

l (n =426)
Reforts sought for retrieval .| Reports not retrieved
= (n =195) > P
£ 27" December-04"™ January (n=40)
g
; I
7]
(%)
Reports assessed for eligibility
(n =155) >
February —May 2024 Off-topic and tech-oriented
records excluded reading the
entire article (n = 95)
—
A
3 Studies included in review
3 (n=50)
©
S

Fig. 2. PRISMA 2020 flow diagram for new systematic reviews (Source: own elaboration)

21 Moher et al. 2009.
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Data collection began in November 2023, and the final eligible dataset was
obtained in May 2024. As illustrated in Figure 2, the selection process followed
several sequential screening phases, based on different exclusion criteria. In the
first phase, records without abstracts and duplicate entries were identified and
removed, resulting in the exclusion of 23 documents. In the second phase, the
abstracts of all remaining records were carefully reviewed to assess their rel-
evance to the research aim. Articles were excluded if they were off-topic or if
they approached the subject from an overly technical or engineering-oriented
perspective, for example, studies focused exclusively on the development, de-
sign, or implementation of XR technologies, without any connection to the
visitor cultural heritage experience. This step led to the exclusion of 426 re-
cords. This step was a fundamental one to align the corpus with the aim of this
bibliometric study, which seeks to explore XR in cultural heritage consumption
contexts, not in engineering or computer science domains.

The remaining 195 articles underwent a third screening phase, during
which 40 records were excluded due to the unavailability of full-text access
through any academic or institutional database. Finally, in the full-text read-
ing phase, 95 additional studies were removed because they did not meet the
scope of the review (e.g., limited relevance to cultural heritage experiences). As
a result, 50 studies were retained and analyzed.

Following Oztiirk et al.?2, two main analysis procedures are applied in
this bibliometric research: performance analysis for giving an overview of the
field in terms of scientific outputs (using bibliometric data for evaluating the
field, i.e. citations performance or number of journal publications) and science
mapping for analyzing the relationship networks between authors-papers-con-
cepts-citations (co-authorship analysis and keyword co-occurrence). The anal-
ysis was conducted through a semi-automatic procedure, combining manual
data processing with dedicated bibliometric software.

For the performance analysis, the bibliographic metadata were exported
from Web of Science in tab-delimited format and processed manually using
Microsoft Excel. This allowed the calculation of descriptive statistics relat-
ed to publication output, citation frequency, and productivity by authors or
journals. For the science mapping, the cleaned dataset was imported into
VOSviewer, a tool specifically designed for constructing and visualizing biblio-
metric networks. Two main types of analysis were performed. The first one is
the co-authorship analysis, aimed at identifying collaboration patterns among
authors, and the second one is the keyword co-occurrence analysis, used to
explore thematic structures and research trends within the selected corpus.
VOSviewer automatically generated visual representations of the networks,
with clustering based on co-occurrence strength.

2 Oztiirk et al. 2024.



848 ALICE FONTANA

3. Results
3.1. The evolution of publications over time

To illustrate the evolution of scholarly interest over time in immersive tech-
nologies applied to cultural heritage — particularly regarding their effects on
consumers — Figure 3 presents the publication trend observed in our selected
data sample. Notably, despite the longer research time span (1985-2024), the
articles in the final sample seem to be concentrated in the last 10 years, reflect-
ing a growing body of literature on the effects of immersive technologies on
cultural consumption. Interest in this subject has been growing, with peaks in
2018, 2020 and 2022.

16
14
12

=
o

N. articles

o N B O

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Years

N.articles e N, articles (3 year moving average)

Fig. 3. The number of annually published articles in the research field (Source: own elabo-
ration)

Instead, if we consider literature from the point of view of the typology
of Extended Reality technologies, we observe that, between 2014 and 2018,
Augmented Reality was the only immersive technology examined, dominating
the entire literature. As of 2018, Virtual Reality technologies began to make
their way in, and from 2019, the terms Mixed Reality and Extended Reality
also appeared. In total, half of the articles focus more on the effects of Aug-
mented Reality technologies (n=25), followed by VR (n=14), four articles focus
on both technologies, while the remainder deal with MR and XR.
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Fig. 4. Typology of immersive technologies by number of articles over different years (Sour-
ce: own elaboration)

3.2. Articles’ distribution in Journals

The 50 articles in the final sample were published in 28 Journals, pointing
out a significant fragmentation (Tab. 1). This seems to testify to the wide range
of disciplines involved in the immersive technologies applied to cultural heri-
tage, as education (Computer & Education, Australian Journal of Education-
al Technologies), tourism (Current Issues in Tourism, Journal of Destination
Marketing And Management, Journal of Vacation Marketing, International
Journal of Contemporary Hospitality Management, Journal of Management
Tourism), computing and its effect on consumer behavior (International Jour-
nal of Human-Computer Interaction, Computer in Human Bebavior, Infor-
mation Technologies and People, Bebavior & Information Technologies, Soft
Computing).

The top three journals are Sustainability (n=6), Journal on Computing
and Cultural Heritage (n=5) and International Journal of Human-Computer
Interactions (n=4). The first one, Sustainability is an international, peer-re-
viewed, open-access journal on environmental, cultural, economic, and social
sustainability of human beings, published by MDPI; the second one, ACM
Journal on Computing and Cultural Heritage (JOCCH) works on areas re-
lating to the use of information and communication technologies (ICT) in
support of Cultural Heritage, demonstrating innovative use of technology for
the discovery, analysis, interpretation and presentation of cultural material;
the third one, The International Journal of Human-Computer Interaction, is
interested on the cognitive, creative, social, health, and ergonomic aspects of
interactive computing.
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Publisher

Journal Title

N. Articles (%)

Articles

MDPI

SUSTAINABILITY

12%

ASSOC COMPUTING
MACHINERY

ACM JOURNAL ON COMPUT-
ING AND CULTURAL HERIT-
AGE

10%

TAYLOR & FRANCIS INC

INTERNATIONAL JOURNAL OF
HUMAN-COMPUTER INTER-
ACTION

8%

PERGAMON-ELSEVIER SCIENCE
LTD

COMPUTERS & EDUCATION

4%

PERGAMON-ELSEVIER SCIENCE
LTD

COMPUTERS IN HUMAN BE-
HAVIOR

4%

ROUTLEDGE JOURNALS,
TAYLOR & FRANCIS LTD

CURRENT ISSUES IN TOURISM

4%

ELSEVIER FRANCE-EDITIONS
SCIENTIFIQUES MEDICALES
ELSEVIER

JOURNAL OF CULTURAL HER-
ITAGE

4%

ELSEVIER

JOURNAL OF DESTINATION
MARKETING & MANAGEMENT

4%

SAGE PUBLICATIONS INC

JOURNAL OF TRAVEL RE-
SEARCH

4%

AUSTRALASIAN SOC

COMPUTERS LEARNING AUSTRALASIAN JOURNAL OF 29
TERTIARY EDUCATION- EDUCATIONAL TECHNOLOGY ¢
ASCILITE

BEHAVIOUR & INFORMATION o
TAYLOR & FRANCIS LTD TECHNOLOGY 2%
FRONTIERS MEDIA SA FRONTIERS IN PSYCHOLOGY 2%
ELSEVIER INFORMATION & MANAGE- 2%

MENT

EMERALD GROUP PUBLISHING
LTD

INFORMATION TECHNOLOGY
& PEOPLE

2%

EMERALD GROUP PUBLISHING
LTD

INTERNATIONAL JOURNAL OF
CONTEMPORARY HOSPITALI-
TY MANAGEMENT

2%

ACADEMIC PRESS LTD- INTERNATIONAL JOURNAL OF 29
ELSEVIER SCIENCE LTD HUMAN-COMPUTER STUDIES ’
INTERNATIONAL JOURNAL OF o
WILEY TOURISM RESEARCH 2%
EMERALD GROUP PUBLISHING INTERNET RESEARCH 2%

LTD

MDPI

ISPRS INTERNATIONAL JOUR-
NAL OF GEO-INFORMATION

2%

ELSEVIER SCIENCE INC

JOURNAL OF BUSINESS RE-
SEARCH

2%
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JOURNAL OF VACATION MAR- .
SAGE PUBLICATIONS LTD A 2%
EMERALD GROUP PUBLISHING | | no oo »
LTD
ROUTLEDGE JOURNALS, MUSEUM MANAGEMENT AND Yo,
2 | TAYLOR & FRANCIS LTD CURATORSHIP o
£ | SAGE PUBLICATIONS LTD SCIENCE PROGRESS 2%
<
SOCIO-ECONOMIC PLANNING .
ELSEVIER SCIENCE INC oS 2%
SPRINGER SOFT COMPUTING 2%
MDPI SYSTEMS 2%
ELSEVIER SCILTD TOURISM MANAGEMENT 2%
INFORMATION AND COMMU-
;%%ILI‘IISGP};&%\TERNATIONAL NICATION TECHNOLOGIES IN 2%
TOURISM 2023, ENTER 2023
2018 3RD DIGITAL HERITAGE
INTERNATIONAL CONGRESS
(DIGITALHERITAGE) HELD
. | IEEE JOINTLY WITH 2018 24TH IN- 2%
§ TERNATIONAL CONFERENCE
3 ON VIRTUAL SYSTEMS & MUL-
g TIMEDIA (VSMM 2018)
§
3 DIGITAL HERITAGE: PRO-
3 GRESS IN CULTURAL HERIT-
£ ;%I;ILTSG;&%\IERNATIONAL AGE: DOCUMENTATION, PRES- 2%
ERVATION, AND PROTECTION,
EUROMED 2018, PTII
ECONOMIC AND SOCIAL DE-
VARAZDIN DEVELOPMENT & | VELOPMENT (ESD 2018): 28TH
T ey | INTERNATIONAL SCIENTIFIC 2%
CONFERENCE ON ECONOMIC
AND SOCIAL DEVELOPMENT

Tab. 1. Distribution of articles in the journals (Source: own elaboration)

3.3. Core articles

Considering highly cited articles as more influential in the research field,
Table 2 provides the list of 11 top articles for the number of citations, with
at least 50 citations. These articles can be defined as “disseminators”?3, as
they have contributed more than others to spreading research on this topic.
These articles alone achieve 74% of the citation number of the entire sample
(n=1586). The total 2127 citations are shared between the 50 articles, with an
average of 43 citations for articles.

23 Lazzeretti et al. 2018.
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Authors Article Title Source Title I;ubl. N'.Clta'
ear tions
glﬁzﬁzz Iéﬁg_l::;;’u’ Development Q:Ild behaviqral ‘
Hou, Huei-Tse; pattern agalysm of a mobile ‘gulde COMPUTERS &
Sung, Yao-Ting; ?ystem Wlth augmerllte.d re.ahty EDUCATION 2014 243
Chao. Huei-Lin: Lee. | for painting appreciation instruc-
Chen;g-Ming ’ ’ | tion in an art museum
Augmented reality in informal
Sommerauer, Peter; learning environments: A field COMPUTERS & 2014 209
Mueller, Oliver experiment in a mathematics EDUCATION
exhibition
Chung, Namho; Lee, The r(')le of .aufigment(zld rea.lity for JOURNAL OF
Hyunae; Kim, Jin- | oo e e o] horir. | TRAVEL RE- 2018 | 204
Young; Koo, Chulme | MeMts: 1 he case of culturathenit- | gp s p opy
age tourism in Korea
He, Zeya; Wu When art meets tegh: The ro.le of
Lal’lrie' Li’ Xi;ng augmented rea!lty in enhancing TOURISM 2018 201
(Rober’t) ’ museum experiences and pur- MANAGEMENT
chase intentions
Dieck, M. Claudia Value of augmented reality at cul- {)OELS]?%ALT?(%:N
tom; Jung, Timothy | tural heritage sites: A stakeholder MARKETING & 2017 170
Hyungsoo approach MANAGEMENT
Marasco, Alessan-
dra; Buonincontri, Exblorine the role of o JOURNAL OF
Piera; van Niekerk, xploring t ISR Tex.‘ 8N I 'DESTINATION o018 | 146
Mathilda; Orlowski, | §2i0n SHINa (5 1O OBIES I MARKETING &
Marissa; Okumus, estination marketing MANAGEMENT
Fevzi
Jung, Timothy . . INTERNATION-
Hyungsoo; Lee, C(iossTcultur'gl.ldlfferences 1dn AL JOURNAL OF
Hyunae; Chung, T e | CONTEMPORARY | 2018 | 128
Namho; Dieck, M, | 21ty at cultural heritage tourism |y aprrap [Ty
Claudia tom siees MANAGEMENT
Dieck, M. Claudia Enhancing art gallery visitors’
tom; Jung, Timothy learning experience using wear- CURRENT ISSUES 2018 90
Hyungsoo; Dieck, able augmented reality: generic IN TOURISM
Dario tom learning outcomes perspective
Errichiello, Luisa; Exploring the implications of INTERNATION-
Micera, Roberto; wearable virtual reality technol- | AL JOURNAL OF 2019 32
Atzeni, Marcello; Del | ogy for museum visitors’ experi- | TOURISM RE-
Chiappa, Giacomo ence: A cluster analysis SEARCH
Deng, Xiaoyan; Un- | Too true to be good? when vir- JOURNAL OF
nava, H. Rao; Lee, tual reality decreases interest in BUSINESS RE- 2019 63
Hyojin actual reality SEARCH
Moorhouse, Natasha; | An experiential view to children | MUSEUM MAN-
Dieck, M. Claudia learning in museums with Aug- AGEMENT AND 2019 50
tom; Jung, Timothy | mented Reality CURATORSHIP

Tab. 2. The 11 top articles by number of citations (Source: own elaboration)
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All these studies highlight how immersive technologies have the potential
to enhance the experience with cultural heritage and how these affect the re-
lationship with the visitors-users, particularly on engagement, learning and
satisfaction. Studies focused on Augmented Reality?* and those centered on
Virtual Reality?® highlight fundamental differences between the two technol-
ogies, emphasizing the difficulty of making generalizations about all Extended
Reality technologies. Indeed, divergences in technological orientation should
reflect the different goals and contexts of cultural institutions themselves, and
the application of these technologies must be context-sensitive and carefully
designed.

What emerges is that Augmented Reality tends to emphasize real-time in-
teraction with the physical environment, and it is often favored for its ability to
augment the real world with digital information, focusing on effects that make
it ideal for on-site cultural heritage experiences. Augmented Reality technol-
ogies seem to improve engagement with the cultural heritage and learning
from heritage collections. The strengths of these technologies for enhancing
learning have been identified in their ability to improve effectiveness, flow ex-
perience and time spent on an artwork?®; in the increased interactivity that can
make the visit more dynamic and participative’” and in creating an informal
learning environment?®. Augmented Reality technologies have, in addition to
the utilitarian component, a hedonic one (measured by perceived benefit, aes-
thetic experience and perceived enjoyment), which enhances visit satisfaction
and improves enjoyment, which in turn influences attitudes and behavioral in-
tentions towards the destination?’ and increases their willingness to pay more
for museum services®. It also needs to highlight how this hedonic component
depends on cross-cultural differences and thus may influence behavioral in-
tentions differently. The study conducted by T.H. Jung et al.’! with tourists
in South Korea and Ireland finds out that the impact of perceived usefulness
of the Augmented Reality technology was not strong in both cultures, but
the relationship between perceived enjoyment and behavioral intention to use
Augmented Reality was stronger in South Korea’s higher power distance cul-
ture, showing that users’ perceived enjoyment and social influence in South
Korea is extremely important, a finding that can be linked to their perception

24 Chang et al. 2014; Chung et al. 2018; Moorhouse et al. 2019; Sommerauer, Miiller 2014;
tom Dieck et al. 2018; tom Dieck, Jung 2017.
% Deng et al. 2019; Errichiello et al. 2019; Marasco et al. 2018.
¢ Chang et al. 2014.
27 Moorhouse et al. 2019; tom Dieck et al. 2018.
Sommerauer, Miiller 2014.
2% Chung et al. 2018.
30 He et al. 2018.
31 T.H. Jung et al. 2018.
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of power and relation to superiors. This study shows that in the development
of Augmented Reality applications, developers need to be aware that different
content and functionalities will appeal to different target markets.

Instead, studies on Virtual Reality focus on fully immersive and simulated
experiences, and it is more suitable for creating completely new digital en-
vironments or pre-visit experiences, which can be used for marketing or re-
mote engagement, allowing new business models for cultural institutions to
be hypothesized. The study by Marasco et al.* examines the impact of Vir-
tual Reality experiences on the intention to visit tourist sites, finding that the
perceived visual attractiveness (PVA) and emotional engagement (EI) of VR
experiences are two key factors influencing users’ intention to visit cultural
heritage sites. Errichiello et al.?* show visitors recognize the added value of
Virtual Reality applications in terms of usefulness and learning opportuni-
ties. The reason is that it allows them better access to information about the
cultural site and its history, enabling them to experience the visit from a new
perspective when compared with the traditional experience. The authors have
shown that the perception of users is not homogeneous for all but depends on
six factors — sense of involvement, technology added value, escapism, personal
innovativeness with technology, technology usage intention, and experience
sharing intention — and identifying three distinct groups of visitors, each with
significantly different attitudes and perceptions towards the VR experience
and with different emotional responses: “enthusiast”, “moderates”, and “scep-
tics”. While most studies state that Virtual Reality technologies can be a tool
for enhancing the visit and be a useful tourism marketing tool, Deng et al.>*
investigate the counterintuitive effects of Virtual Reality on consumer behav-
ior, particularly in the context of museum visits and leisure travel, exploring
whether high quality Virtual Reality simulations may reduce consumers’ in-
terest in continuing real experiences. The authors suggest that when Virtual
Reality experiences are perceived as very similar to real experiences, they may
decrease the desire to engage in the physical experience, due to a sense of rep-
etition or satiety. The study concludes that Virtual Reality can be an effective
marketing tool, but it can also unintentionally reduce consumer interest in the
real experience, depending on the perceived similarity and involvement of the
consumer in the experience. This highlights the need for a nuanced under-
standing of how Virtual Reality can affect onsite cultural heritage consump-
tion, seeing it as a complement or substitute for physical visits.

32 Marasco et al. 2018.
33 Errichiello et al. 2019.
3% Deng et al. 2019.
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3.4. Active authors

Based on the sample of our study, a total of 147 authors contributed to
the production of literature about the topic of immersive technologies applied
to cultural heritage. Among them, 17 (12%) have at least two publications,
as reported in Table 3, while the remaining 88% published only one article,
highlighting a network of authors that is not cohesive. To discover the main
groups of co-authors, a co-authorship analysis — using VOSviewer — was con-
ducted. This analysis examines the interactions among scholars in a research
field, in fact co-authorship is a formal way of intellectual collaboration among
the authors?.

Authors n. Papers

—_
(=]

Jung, Timothy
Dieck, M. Claudia tom
Chung, Namho

Lee, Hyunae
Cai, Shengdan

Ch’ng, Eugene

Kwon, Ohbyung

Moorhouse, Natasha

Bae, Sujin

Chen, Chun-Ching

Kang, Jian

Kang, Xin

Leow, Fui-Theng
Li, Xin-Zhu
Li, Yue

Nechita, Florin

RPN oo D wlw|w|w| sl

Rezeanu, Catalina-Ionela

Tab. 3. Authors with more than two papers on the topic (Source: own elaboration)

The result is 37 clusters of different sizes by the number of authors as nodes,
but most of them disconnected, as can be observed in Figure 5. The largest
group comprising two clusters meeting with authors as Timothy Jung and
Claudia tom Dieck, authors very influential for the topic.

35 Donthu et al. 2021.
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Fig. 5. Co-authorship analysis via VOSviewer (Source: own elaboration)

3.5. Methodologies used

The 50 articles in the final sample address the topic using different meth-
odologies, but, as we can see in Table 4, the quantitative approach seems to
dominate with more than 50% (n=34) articles using it, while 9 use a mixed
qualitative-quantitative method and 7 a qualitative method. For data collec-
tion, the methods used include experiments®® and surveys®, and for qualitative
methods, focus groups?®, observations®” and interviews*’.

Research Methods Research Design N. Articles (%)
Quantitative Experiment 68%
Quali-quantitative Experiment, interviews, focus group 18%

Interview, Focus Group, Behavioral

Qualitative . .
observation, Textual analysis

14%

Tab. 4. Methodologies used in the literature (%) (Source: own elaboration)

36 Chang et al. 2014; He et al. 2018; Sommerauer, Miiller 2014.

37 Chung et al. 2018; Errichiello et al. 2019; T.H. Jung et al. 2018.
38 Jiang et al. 2023; Moorhouse et al. 2019.

3 Ch’ng et al. 2019; X.-Z. Li et al. 2022.

40 tom Dieck et al. 2018; tom Dieck, Jung 2017.
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3.6. Co-occurrence of keywords

In line with the objectives of this study, an analysis of the evolution of
keyword connections over time proves to be particularly insightful for under-
standing the thematic progression within academic literature. The co-occur-
rence of keywords in academic publications helps to understand the trends,
key research areas, and emerging themes in this domain. The connections
(edges) between nodes indicate co-occurrence in the same publications, with
thicker lines denoting stronger relationships, while the node size represents the
frequency of the words.

Figure 6 represents a network visualization created using the software
VOSviewer. As expected, the key nodes are “augmented reality”, “virtual re-
ality”, “cultural heritage”, “museum”, and “mixed reality” which are the most
prominent nodes. The Augmented Reality Cluster is prominently connected to
terms like “learning experience”, “education”, “authentic learning activity”,
“heritage tourism”, “tourism experience”. This indicates that Augmented Re-
ality is frequently discussed in the context of enhancing educational experienc-
es and tourism activities. For example, Augmented Reality has been used to
create more engaging learning environments or to enrich tourists’ experiences
by providing interactive visit experiences with cultural heritage sites. The Vir-
tual Reality Cluster is related to “visualization techniques”, “digital heritage”,
“experience economy” and “virtual museum”, indicating its applications in
heritage to create digital reconstructions of historical sites or to offer virtual
tours of museums, making cultural heritage accessible in new ways and offer-
ing new types of experiences.

displaymethod
affect

experience economy
behavioralintention

virtu: ality
g usiatiorechniques
T —
digicaifjuseum balancggheory W yirual museum
cutural heiage sites
digitalfibritage 8
| e
tourist experience Fetal gnoleey
neriggitousm  technoloaficcentarce
Intang!ble cultard] héridge ¢ &
geneic leariiing outcomes functionalielements
il 's=i*bgme ) TIXSGERAY . prcigocintion
augmwreahty museur ®
emifical
a <ogtive theodof multimedia mwun‘p*mce
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f vosviewer '
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Fig. 6. Keywords co-occurance analysis via VOSviewer (Source: own elaboration)
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The co-occurrence analysis of keywords identifies both the main nodes and
connections and, through the use of a color gradient ranging from blue (ear-
lier years) to yellow (recent years), allows for tracking the temporal evolution
of academic literature. This color change makes it possible to identify shifts
and developments in research themes, highlighting how scholarly focus has
evolved over time. The Purple Cluster includes “learning experience”, “em-
bodied cognition” and “authentic learning activity”, suggesting an empha-
sis on educational outcomes and cognitive aspects of experiences mediated
by Extended Reality technologies. This concentration of terms indicates that
in early years, research has focused on understanding how immersive reality
technologies can be used to enhance learning, with particular attention to
embodied cognition and educational experiences. The Blue Cluster features
terms such as “digital heritage”, “technology acceptance”, “intangible cultural
heritage” and “cultural technologies”, pointing to research on the technologi-
cal adoption and application in the heritage institutions sector, with increasing
emphasis on user acceptance of these technologies. This cluster also highlights
the importance of intangible cultural heritage, such as traditions and cultural
practices, and how technologies can be used to safeguard and promote these
less tangible aspects of cultural heritage. The Green Cluster contains terms
like “museum experience”, “functional elements”, and “brand association”
focusing on the practical implementation and user experience in museums and
other heritage institutions. This cluster reflects a shift towards examining how
technologies are practically implemented in museums. During this time frame,
literature has explored how museums can use Virtual and Augmented Reality
not only to enhance interactivity and engagement but also to strengthen the
museum’s identity as a cultural brand, improving public perception of its col-
lection and visitor loyalty. The Yellow Cluster includes keywords like “experi-
ence economy”, “affect”, and “behavioral intention” indicating a focus on the
experiential and psychological aspects of Virtual and Augmented Reality. This
cluster is characterized by studies with the aim to explore how experiences
mediated by these technologies influence users’ emotions and their behavioral
intentions.

3.7. Emerging themes and trends

This analysis highlights 4 macro themes in the literature focusing on the
effects of the application of immersive technology in cultural heritage:

3.7.1. Effects on cultural heritage tourism and experience economy
Immersive technologies have emerged as essential tools for tourism engage-
ment. The presence of keywords such as “tourism experience”, “heritage tour-

» <«

ism”, “experience economy” indicates a strong presence of studies focused on
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the application of immersive technologies for enhancing heritage tourism and
its experience value perceived by the visitors.

The shift in consumer behavior from passive consumption to active engage-
ment in the heritage consumption process*' caused a bigger interest for the
visitor’s experience, and today’s cultural institutions should focus on it, start-
ing experiences that meet the visitor’s desires*?. Several studies** have shown
that immersive technologies are able to enhance the experience of heritage
visitors according to the four factors identified by Pine and Gilmore**: Enter-
tainment, Education, Escapism and Aesthetics. The first one refers to the level
of involvement and enjoyment that an experience provides to the participant;
the second one concerns the informative and educational aspect of the experi-
ence; the third element focuses on the ability of an experience to allow people
to temporarily escape from daily routines or worries; the fourth one refers to
the visual and sensory aspect of the experience, characterized by beauty, har-
mony and positive sensory stimulation. All of these factors have been found
in digital experiences mediated by immersive technologies, and it has been
widely demonstrated how they may influence future behaviors. Furthermore,
in recent years, there have been several attempts to extend the experience econ-
omy model in technology-related contexts to find additional context-specific
factors influencing users’ behavioral intentions. For example, Olya et al.* and
tom Dieck et al.*® extended the model by incorporating mediating variables of
memory and satisfaction in the context of Augmented Reality (AR) festivals,
while Hwang et al.*” attempted to extend the model by considering spiritual
experience in the context of a Virtual Reality experience.

Virtual Reality seems to be an effective technological tool for dealing with
the cultural tourism experience, especially where visitors are able to visit with-
out displacement, at any time, maintaining an authentic and immersive expe-
rience in cultural heritage and allowing them to experience the destination,
also in its spiritual surroundings*®. Indeed, far from being an inauthentic ex-
perience, immersive technologies applied to a world heritage site would overall
maintain the authentic aspect of the experience in all three perspectives of
authenticity (objective authenticity, constructive authenticity and existential
authenticity). The objective authenticity refers to the inherent genuineness of
original objects, the constructive authenticity that is attributed to objects based

4

Olya et al. 2020.

4 Leopardi ef al. 2021.

 Hwang et al. 2023; T.H. Jung et al. 2018; Leopardi et al. 2021; Nechita, Rezeanu 2019.
4 Pine, Gilmore 1998, 1999.

4 Olya et al. 2020.

4 tom Dieck et al. 2018.

47 Hwang et al. 2023.

 Ibidem.
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on tourists’ perceptions, expectations, and social constructs rather than inher-
ent originality and, finally, existential authenticity that focuses on a tourist’s
subjective, immersive experience and emotional connection. Augmented Re-
ality enhances constructive and existential authenticity, positively influencing
tourists’ satisfaction and their intention to visit destinations, while objective
authenticity alone has a limited impact on satisfaction, suggesting that tourists
prioritize the overall experience over strict objectivity*.

3.7.2. Behavioral intention

Keywords such as “behavioral intention” and “customer experience” high-
lighted works about how the experience with Extended Reality technologies
has effects on future visitor behavior, allowing cultural heritage institutions to
innovate from a business model perspective. A first effect is that if the user of
immersive technology is satisfied with the experience, the visitor will have a
positive attitude towards the destination and will have the intention to (re)visit*°,
increasing the chances of fostering visitor loyalty®!. A second effect is on visitors’
willingness to pay more. Indeed, a virtual environment can function as a con-
textual cue that facilitates mental imagery and, consequently, vivid image pro-
cessing enhances the aesthetic experience, thus increasing visitors’ willingness
to pay more’2. Indeed, experiencing a high value of perceived usefulness for
the technologies also increases the willingness to pay that could enable cultur-
al institutions to increase their sources of income, as well as attractiveness. A
third effect is that satisfaction with the experience of immersive technologies
and a perception of authenticity may increase the willingness to support the
preservation of tourism heritage, which may be an important factor for a vis-
itor’s post-visit activity®®. Indeed, it can help heritage institutions dealing with
the preservation and conservation’s challenges.

Finally, the potential influence of Virtual Reality technologies on the quali-
ty of the visitor experience and perceived enjoyment influences the association
with the brand awareness, brand association, and brand loyalty, and it can
increase the purchase of souvenirs reminiscent of the experience, which may
positively influence the bookshop income of the cultural heritage institutions’*.

3.7.3. Educational outcomes
Immersive technologies’ studies agree that they satisfy new entertainment
expectations, enhance the aesthetic experience, contribute to the escape from

4 Zhu et al. 2023.

50 Chung et al. 2018.

! Bae et al. 2020; T. Jung et al. 2020; Pratisto et al. 2023.

52 He et al. 2018.

53 Han et al. 2021.

** Bae et al. 2020; Gonzdlez-Rodriguez et al. 2020; T. Jung et al. 2020.
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reality and facilitate the learning experience®. Keywords such as “embodied
cognition”, “authentic learning activity” and “generic learning outcomes” in-
dicate a focus on the educational benefits of immersive technologies applied
in museums and cultural heritage institutions, representing a major research
theme.

In fact, several studies have shown that immersive technologies are capable
of enhancing and making learning in museums effective, becoming an inno-
vative mediation tool that should not be ignored by cultural institutions’®.
According to Sommerauer and Miiller’’, the visitors learn better from Aug-
mented Reality museum exhibits than from exhibits that are accompanied by
traditional physical information displays only (e.g., boards, posters, leaflets,
quizzes, books, screens), finding that education is one of the most promising
application areas for these technologies. Their evidence comes from a field ex-
periment with 101 participants at a mathematics exhibition, where they have
measured the effect of Augmented Reality on acquiring and retaining mathe-
matical knowledge. The explanation of the Augmented Reality success derives
from the cognitive theory of multimedia learning (CTML) that argues that
people learn better from words and pictures than from words alone®®. Indeed,
study of Moorhouse et al.*” through experiments and focus groups found that
the success of these technologies applied in a museum is due to students paying
more attention to learning in education with Augmented Reality, thus im-
proving their learning experience during the visit and enhancing knowledge
acquisition.

But the effects of immersive technologies are not simply limited to the ac-
quisition of knowledge; they can boost overall learning experience and achieve
General Learning Outcomes (GLO) such as improving knowledge and under-
standing, skills, changing attitudes and values. Tom Dieck et al.®® showed that
the visitors experiencing the gallery through Virtual Reality have increased
enjoyment, inspiration, and creativity, as well as improved activity, behavior,
and progression of visitors at an art gallery compared to without access to
this technology. Chang et al.®!, using an Augmented Reality museum guide,
tested its effectiveness against an audio guide and no guide at all, finding that
Augmented Reality groups showed significantly greater scores in the painting
appreciation, extending the impact.

5 Leopardi et al. 2021; tom Dieck et al. 2018.
56 Chang et al. 2014.

Sommerauer, Muller 2014.

38 Mayer 2005.

% Moorhouse et al. 2019.

%0 tom Dieck et al. 2018.

1 Chang et al. 2014.
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3.7.4. Technological acceptance

Like any technological innovation, Extended Reality technologies need to
be used and appreciated by future users. Keywords such as “experience-tech-
nology fit” and “technology acceptance” also highlight the importance of this
concept in the literature analysis of how these technologies are accepted or not
in the cultural heritage context, entering or not into our habits.

In the Extended Reality literature, the Technological Acceptance Mod-
el (TAM)®* and Unified Theory of Acceptance and Use of Technology
(UTAUT)® have emerged as a prominent theoretical framework for under-
standing and predicting individuals’ acceptance or rejection of these new
technologies®®. These theoretical frameworks are used to empirically study
which factors can influence the adoption of technologies, in our case, the
immersive one (Tab. 5).

TAM

The degree to which a person believes that using a particular

Perceived Usefulness (PU) technology will enhance their performance.

Perceived Ease of Use (PEOU) | The extent to which a person finds the technology easy to use.
UTAUT

Performance Expectancy (PE) | The extent to which technology is expected to improve outcomes.

Effort Expectancy (EE) The perceived effort required to use the technology.

The degree to which others influence an individual’s decision to use

Social Influence (SI) the technology

The availability of necessary resources and support to enable

Facilitating Conditions (FC) technology use

Attitude Towards Use (ATU) | The individual’s positive or negative feelings towards the technology.

Actual Use (AU) The extent to which the technology is eventually utilized.

Self- efficacy (SE) The belief in one’s own ability to successfully use the technology.
UTAUT 2

Hedonic Motivation (HM) The enjoyment derived from using the technology.

Habit (HT) The extent to which prior experiences shape technology adoption.

The user’s perceived trade-off between the benefits of using the

Price value (PV) technology and the financial cost associated with it.

Tab. 5. Factors influencing technology acceptance according to TAM, UTAUT and
UTAUT(2) (Source: own elaboration)

%2 Davis 1989.
63 Venkatesh et al. 2003, 2012.
¢4 Cheng et al. 2024; X.-Z. Li et al. 2022; Wen et al. 2023.
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Cheng et al.®® found out that different dimensions of experience mediated
by Extended Reality, as aesthetic and escapist, contribute to increasing per-
ceived usefulness and perceived ease of use, increasing the possibility to con-
tinue to consume these kinds of technologies in the future. In fact, the quality
of the Extended Reality technologies experience offered and delivered to mu-
seum visitors is important and plays an essential role in the diffusion of these
kinds of new technologies. This suggests that cultural institutions should focus
on improving the quality of XR experiences when integrating an immersive
experience into their strategies.

Wen et al.*® found that the behavioral intention (BI) to use the Augmented
Reality and Virtual Reality technologies in the cultural heritage context is
significantly influenced by performance expectancy (PE), hedonic motivation
(HM), habit (HT), personal innovativeness (PIN), and involvement (INV).
This makes users more willing to adopt it when they perceive that the use of
technologies will significantly improve their experience and understanding of
cultural content, and make the learning experience more engaging and enjoy-
able. Nevertheless, individual habits or predisposition to experiment with new
technologies are another significant element. Users who are already familiar
with Augmented Reality and Virtual Reality in other contexts are more likely
to use these technologies in cultural settings. Positive prior experience or atti-
tude in trying a novelty reduces barriers to adoption and facilitates more nat-
ural and spontaneous use. For example, young people can be more attracted
by these technologies because they will perceive Virtual Reality as easy to use,
increasing the probability of using it in the future®”.

Finally, social influence is considered a critical factor in users’ behavioral
intentions and attitudes toward adopting immersive technologies®®, and this
factor is stronger in a culture where collectivism is important®’.

4. Conclusion

The present bibliometric analysis has highlighted the evolving and multidis-
ciplinary landscape of Extended Reality (XR) technologies — particularly Aug-
mented Reality (AR) and Virtual Reality (VR) - in their application to cultur-
al heritage. The growing intersection of different fields that study this topic,
such as marketing, tourism, education, and human-computer interaction, has

5 Cheng et al. 2024.

% Wen et al. 2023.

67 Wang et al. 2023.

% T.H. Jung et al. 2018; X.-Z. Li et al. 2022; Pratisto et al. 2023; Wen et al. 2023.
¢ T.H. Jung et al. 2018.
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posed challenges to maintaining a structured and systematic approach to the
literature.

The analysis provided a comprehensive overview of the state of the liter-
ature in the last ten years, highlighting the growing interest in studying the
experiential aspects of these technologies applied to cultural heritage. Four
major research themes emerge from this study. The first one is about the im-
pact on cultural heritage tourism where immersive technologies serve as tools
for enhancing visitor engagement and satisfaction, and the perceived expe-
rience by visitors. The second one focuses on the effects of the consumption
of these technologies on future behavioral intentions, including repeat visits,
willingness to pay, and financial support for heritage preservation. The third
one is the educational theme in which it emerges how immersive technologies
are not only a hedonic but also a utilitarian tool for educational purposes
and significantly contribute to learning processes in cultural heritage contexts,
improving cognitive engagement, knowledge retention, and experiential learn-
ing. The fourth and final theme is related to the technological acceptance and
user adoption of Extended Reality in cultural heritage, depending on factors
such as perceived usefulness, ease of use, and social influence.

Several future research directions emerge. A key aspect that has yet to be
explored is how Extended Reality technologies integrate into cultural con-
sumption habits over time. As these technologies redefine the ways in which
individuals engage with cultural heritage, it becomes critical to investigate
whether these digital experiences complement or replace traditional forms
of cultural participation. The extent to which Extended Reality technologies
shape visitors’ expectations and influence long-term engagement with cultural
heritage sites requires further investigation. Indeed, the study by NESTA and
i2 Media Research” — in which participants participated in two Virtual Re-
ality experiences but with random order of administration — shows that the
first Virtual Reality experience has higher values, while the ratings of that
same experience when viewed second in the trial order were consistently (and
in most cases significantly) lower. This could be because the first few times
one consumes these technologies, one tends to characterize them positively
due to a hype or novelty situation, but in the long run, they might have lesser
effects. Understanding how these technologies can be effectively embedded in
existing cultural consumption practices, rather than being perceived as tempo-
rary attractions or disruptive elements, will be essential for their sustainable
adoption.

Another important consideration is that Extended Reality technologies
have the potential to promote more sustainable tourism patterns, mitigating
problems such as overtourism, resource depletion, and environmental impacts.

70 NESTA, i2 Media Research 2018.
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Virtual Reality-mediated heritage experiences, for example, can be an alter-
native to physical visits in cases where site preservation is an issue, allowing
users to explore fragile or limited-access places without contributing to their
degradation, but also allowing people to visit without actually moving, thus
reducing pressure on overburdened heritage destinations. A crucial factor in
this shift is visitor attitudes toward digital experiences as a substitute for or
enhancement of physical visits. While some studies suggest that immersive
technologies may reduce the perceived need for in-person experiences, e.g.
Deng et al.”, others emphasize their potential to generate interest and increase
visitation rates’>. Therefore, the subject remains to be investigated, especially
the need to investigate the environmental impact of the production and use of
these technologies also emerges’.

A managerial key aspect is that although Extended Reality technologies
offer significant potential to enrich cultural heritage experiences and develop
new business models, their successful implementation requires a strategic and
context-sensitive approach. Cultural heritage institutions must critically evalu-
ate how these technologies align with their broader educational, preservation,
and public engagement goals, ensuring that digital innovation serves as an
enhancement rather than a superficial or disruptive element. In short, their
success depends on thoughtful implementation that takes into account cultur-
al contexts, user needs, and the specific goals of cultural sites.

In conclusion, while these technologies present transformative opportuni-
ties for cultural heritage accessibility, engagement, and valorization, their suc-
cessful integration hinges on a strategic, user-centered approach that considers
cultural contexts, visitor expectations, and institutional goals. Future research
should continue to explore the long-term implications of immersive technolo-
gies in reshaping cultural experiences.

5. Limitations

While this study provides an overview of the literature on immersive tech-
nologies in the cultural heritage experience, several limitations should be ac-
knowledged. First, the analysis relied exclusively on the Web of Science Core
Collection database. Although this source has long been the most comprehen-
sive citation data source worldwide’™, the exclusion of other databases such
as Scopus or Google Scholar may have limited the breadth of the retrieved

7 Deng et al. 2019.

72 Bae et al. 2020; Chung et al. 2015.
73 Novelab et al. 2024.

7 Qztiirk et al. 2024.
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corpus. This choice, however, was driven by the need for compatibility with
the bibliometric tool VOSviewer. Future research may benefit from a multi-da-
tabase approach to ensure broader coverage.

Second, the final dataset includes 50 articles, a relatively small number for
traditional large-scale bibliometric studies. Despite the limited number of doc-
uments, the bibliometric approach was chosen because it allows for struc-
tured, replicable, and quantitative insights into the intellectual and thematic
structure of the field. In research topics where the literature is still emerging
or highly specific — as in this case — bibliometric analysis can offer valuable
perspectives, especially when combined with science mapping techniques that
reveal patterns of collaboration and thematic clustering. The decision to pro-
ceed with a bibliometric approach, even with a focused corpus, was driven by
the objective of mapping the conceptual and intellectual structure of a themat-
ically coherent and emerging field.
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