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 ABSTRACT 

 
Within the heritage industry, Extended Reality (XR) is gaining popularity, and one particularly 
advanced option that stands out is mixed reality (MxR). This cutting-edge technology has the 
potential to revolutionize how people engage with and communicate cultural heritage, 
offering immersive experiences. The main objective of this study is to address the various 
potentials associated with implementing sophisticated mixed reality (MxR) technology to 
enhance user engagement in cultural heritage discovery. The problem statement explores 
how cutting-edge technology can be harnessed to effectively disseminate tangible and 
intangible cultural heritage elements in heritage urban landscape tourism sites.  This study 
employs a systematic review methodology utilizing the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) procedure. Extensive searches are 
conducted across prominent databases, including Scopus, IEEE Xplore, and Web of Science 
(WoS). After a rigorous filtering process, the resulting data set consists of 40 pertinent research 
articles analyzed using a synthesis methodology. The review explores three main themes: (1) 
MxR technology, (2) edutainment, and (3) cultural heritage. The study’s conclusion provides a 
concise overview of the main findings and implications of incorporating MxR into heritage 
tourism. It emphasizes the potential of MxR technology in smart tourism environments to 
communicate cultural edutainment experiences effectively. The report concludes by 
recommending further research and development in this domain, acknowledging the 
significant influence of MxR on the future of historical tourism and cultural edutainment. 
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1. Introduction 
 

This paper systematically reviews "Mixed Reality" (MR) in cultural edutainment, focusing on its 
application in heritage tourism. Augmented Reality (AR), Virtual Reality (VR), and Mixed Reality (MxR) 
are all subsets of Extended Reality (XR) digital technology, with Mixed Reality (MxR) uniquely 
combines both elements of VR and AR to create immersive experiences. Cultural edutainment is the 
fusion of cultural education and entertainment, engaging users in cultural heritage sites through 
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educational experiences. The definition of cultural heritage encompasses tangible and intangible 
elements in physical forms, including built heritage, products of human creativity, natural physical 
features, and non-physical aspects that reflect the environment and the sense of place in heritage 
urban landscape. The research explore the implementation, impact, and potential of MxR in 
enhancing cultural heritage experiences within immersive cultural education. By seamlessly 
integrating physical and virtual elements, MxR creates immersive encounters that enrich the cultural 
significance of heritage sites and narratives. In heritage tourism, MxR technology has emerged as a 
powerful tool to connect historical stories with the present, offering visitors with unique and 
captivating experiences at cultural sites. By superimposing historical events and artifacts onto real 
locations, MxR revitalizes ancient sites, providing an immersive learning experience. This research 
aims to bridge the gap by investigating how cultural experiences can enhance cultural education 
through immersive methods. By incorporating MxR technology into cultural edutainment, the 
heritage tourism sector can provide more profound and immersive encounters, fostering a deeper 
appreciation for our shared cultural heritage. 
 
2. Literature Review 
2.1 Enhancing Heritage Urban Landscape Dissemination Through Mixed Reality Representation 
 

MxR has significantly advanced the dissemination of architectural heritage in cultural heritage 
through interactive virtual tours and 3D representations of historic buildings, providing immersive 
experiences for visitors [1]. By utilizing morphological-metric, diagnostic, and archaeological 
analyses, these projects bring historical models to life, fostering appreciation and understanding 
among visitors and researchers. Unmanned Aerial Vehicles (UAVs) play a crucial role in safely 
acquiring data from challenging locations, further contributing to architectural heritage 
dissemination [2]. Integrating cloud computing and MxR platforms has enhanced accessibility, 
offering interactive 3D displays for smart tourism attractions and transforming architectural heritage 
preservation and presentation [3]. Additionally, digitizing art and cultural heritage through high-
resolution digital archives and virtual reconstructions has created immersive experiences [4]. MxR 
technology in architectural heritage has been valuable for performance assessment and risk 
management with 3D reality-based and computer-based models integrated into VR tours [5]. 
Digitalization has also led to rich online resources for archaeology, offering specialized databases and 
interactive content for scholars, students, and the public [6]. MxR applications in museum collections 
have facilitated the dissemination of historical iconography and enhanced understanding of ancient 
architecture, bridging the past and present through interactive web applications and digital replicas 
[7]. Digital tools like digital modelings and VR exhibition systems have transformed architectural 
heritage conservation and restoration, providing insights into ancient structures and construction 
processes [8]. Overall, MxR technologies enrich the exploration and appreciation of cultural heritage, 
benefiting researchers, institutions, and visitors with innovative and interactive experiences. 
 
2.2 Mixed Reality Technology Advancement in Heritage Edutainment  
 

MxR technologies, including 3D modeling and virtual reality (VR), have revolutionized heritage 
edutainment by preserving and enhancing the understanding of architectural heritage. Researchers 
have utilized 3D modeling and VR to recreate historical structures, offering visitors immersive and 
realistic experiences of unfinished architectural spaces [9]. Digital heritage methodologies and 
interactive systems have preserved the aura of buildings, facilitating knowledge-sharing and public 
engagement [10]. These technologies connect audiences with the past, making heritage preservation 
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and dissemination accessible and engageable [11]. Integrating 3D surveys, BIM, and extended reality 
enriches cultural heritage knowledge [12]. Immersive VR applications enables the exploration of 
ancient fortresses, promoting cultural heritage appreciation [13]. MxR, through 3D digitization and 
AR applications, fosters engagement, interactive learning, and cultural appreciation [14, 15]. MxR 
technologies offer captivating ways to engage with architectural heritage, ensuring its preservation 
and appreciation. Figure 1 shows the cone of experience. 
 

 
Fig. 1. Cone of experience (Source: Pagano et al., [16]) 

 
2.3 Digitization and Virtual Representation of Heritage Urban Landscape Tourism Site 
 

MxR has become a potent tool in disseminating heritage and urban landscape tourism sites, 
especially through digitization and virtual representation of archaeology and architectural heritage 
[17]. This technological advancement enables the connection of tangible and intangible cultural 
assets, supporting the conservation and documentation of cultural heritage. Virtual historical centers 
have further facilitated the archiving, storage, and dissemination of heritage knowledge, offering 
accessible and immersive experiences [18]. Figure 2 presents an example of the proposed method in 
digital reality development. 
 

 
Fig. 2. Proposed method in digital reality development by Van 
Nguyen et al., [18] 

 
The Museum of Representation (Mu.Ra.) at the University of Catania adopts MxR to preserve and 

engage students, future designers, and potential visitors, fostering inclusive and interactive heritage 
tourism experiences [9]. MxR applications employing VR and AR technologies in architectural 
heritage recreate unfinished spaces and reanimate ancient cities, offering immersive and engaging 
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experiences [9]. The combination of BIM with VR and AR visualization makes architectural details 
accessible to the public [19]. Virtual architectural archaeology uses 4D capturing and component-
based modeling to recreate lost heritage sites, promoting social cohesion and mutual understanding 
[20]. Virtual reality serves as a medium for knowledge transfer and cultural memory dissemination, 
conserving and displaying cultural evidence [21]. Digitization and virtual representation technologies 
revolutionize architectural heritage's recording, preservation, and communication, enhancing 
appreciation through interactive and immersive experiences in urban landscape tourism sites. 
 
3. Methodology 
  

Global studies have extensively explored systematic evaluations, but research explicitly focusing 
on extended reality technology, particularly MxR in cultural heritage contexts, is limited in Malaysia 
[22-24]. This section underscores the significance of conducting a systematic investigation into the 
global implementation of MxR in heritage sites. The subsequent section outlines the research 
methodology used to address the formulated research questions. The review is structured into two 
main areas: the potential of extended reality in tangible and intangible cultural heritage and the 
various types of extended facts used in cultural heritage presentations. Additionally, the study aims 
to examine the advantages of MxR in future cultural heritage edutainment, focusing on Malaysian 
heritage sites. The section comprehensively examines scholarly literature, identifying essential 
studies on MxR in cultural heritage contexts. Lastly, the paper addresses challenges and incorporates 
insights from relevant researchers. The systematic review follows the PRISMA approach, a recognized 
standard for systematic literature reviews. 
 
3.1 Identification 
 

The systematic review procedure involved three essential stages to select a substantial number 

of relevant papers for this investigation. In the first stage, keywords were carefully chosen, and 

related terms were identified using thesaurus, dictionaries, encyclopedias, and previous research. 

Once all relevant terms were determined, search strings for the databases Scopus, IEEE Xplore, and 

Web of Science (WOS) were created (see Table 1). During the initial step of the systematic review 

process, 559 papers were successfully retrieved from these three databases, marking the progress of 

the current research endeavor. 

 
  Table 1 
  The search strings 

Scopus TITLE-ABS-KEY ( mixed OR mxr OR extended OR xr OR augmented OR ar OR virtual OR vr AND reality AND 
digital AND technology AND cultural AND edutainment OR education OR entertainment OR immersive 
AND heritage ) AND ( LIMIT-TO ( LANGUAGE , "English" ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" ) ) AND ( LIMIT-
TO ( PUBYEAR , 2019 ) OR LIMIT-TO ( PUBYEAR , 2020 ) OR LIMIT-TO ( PUBYEAR , 2021 ) OR LIMIT-TO ( 
PUBYEAR , 2022 ) OR LIMIT-TO ( PUBYEAR , 2023 ) ) 

IEEE (mixed OR mxr OR extended OR xr OR augmented OR ar or virtual OR VR) AND reality AND digital AND 
technology AND Cultural AND (edutainment OR education OR entertainment OR immersive) AND heritage 
Filters Applied: IEEE, Journals, 2019 - 2023 

WOS (mixed OR mxr OR extended OR xr OR augmented OR ar or virtual OR VR) AND reality AND digital AND 
technology AND Cultural AND (edutainment OR education OR entertainment OR immersive) AND heritage 
Refined By: Open Access, Publication, 
Years: 2023 or 2022 or 2021 or 2020 or 2019, 
Document Types: Article, Languages: English 
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3.2 Screening  
 

Throughout the initial screening process, duplicate, not accessible, and not comprehensible 
articles were disregarded. In the first round, 434 papers were excluded based on the researchers' 
specific inclusion and exclusion criteria. Subsequently, 99 items underwent a thorough examination 
in the next phase. Research articles were deemed essential for inclusion as they are the primary 
source of pertinent information. The study excluded systematic reviews, reviews, meta-analyses, 
meta-synthesis, book series, books, chapters, and conference proceedings. Moreover, the review 
was limited to studies published in English between 2019 and 2023 as shown in Table 2. The 
cumulative quality of 99 publications was assessed using the predetermined criteria. 
 

 Table 2 
 The search criteria are used for selection 
Criterion Inclusion Exclusion 

Language English Non-English 
Time line / Years 2019 – 2023 < 2019 
Literature type Journal (Article) Conference, Book, Review 
Publication Stage Final In Press 

 
3.3  Eligibility 
 

In the third level, referred to as an eligibility assessment, a total of 99 articles were considered. 
During this phase, thorough scrutiny of article titles and essential contents was conducted to ensure 
they were aligned with the inclusion criteria and complemented the objectives of the current study. 
As a result, 59 reports were excluded as their full texts were beyond the study's scope, lacking of 
significant relevance to the research, and their abstracts did not pertain to the study's focus. As of 
the present moment, 25 articles remain available for review (see Table 2). 
 
3.4  Data Abstraction and Analysis 
 

The study utilized an integrative analysis as a method of inquiry to examine and combine diverse 
research designs using qualitative methodologies (Figure 3). Proficient researchers aimed to identify 
suitable subjects and subcategories. The data-gathering phase involved meticulously examining 40 
scholarly articles to extract pertinent assertions or facts for addressing the study's inquiries. The 
analysis yielded three primary themes: MxR, edutainment, and cultural heritage. The authors then 
elaborated on each subject, identifying interrelationships and correlations among themes, concepts, 
and ideas. The primary author collaborated with fellow authors to identify and develop thematic 
categories based on the research findings, maintaining a log to record analyses, opinions, 
perplexities, and other relevant thoughts. Disparities in theme creation were resolved through 
comparison and discussion. The established concepts underwent adjustments and refinements to 
maintain consistency. To verify the credibility of the inspection procedure, it underwent a thorough 
evaluation by two experts specializing in Architectural 3D Modelling Animation and Anthropology on 
the architectural built environment. The inclusion of the expert review phase served to enhance the 
comprehensibility, significance, and sufficiency of each sub-theme through domain validity, 
incorporating input and comments from experts, and making necessary revisions.  
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Fig. 3. Proposed research project flowchart 

 
4. Results 
 

The rapid growth and widespread adoption of smart digital technology in the cultural heritage 
industry have led to a significant shift towards a smart tourism approach. As this region embraces 
MxR technologies, the importance of public engagement has become increasingly prominent. 
Through a systematic review of 40 articles, two main themes emerged, focusing on the types of 
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heritage elements and the utilization of digital technologies. The heritage elements were categorized 
into tangible cultural heritage (21 articles) and intangible cultural heritage (19 articles). Regarding 
digital technology, the articles covered augmented reality (AR) (11 articles), virtual reality (VR) (16 
articles), and MxR (1 article). Additionally, 11 articles utilized AR and VR technologies, while one 
explored extended reality (AR, VR, and MxR) in their study (Table 3). 
 
   Table 3 
   The research articles’ findings are based on the proposed search criterion. 

No Author Title Sources Heritage 
element 

Digital 
technology 

Research 
method 

Sc
o

p
u

s 

IE
EE

 

W
O

S 

Ta
n

gi
b

le
 

In
ta

n
gi

b
le

 

A
R

 

V
R

 

M
xR

 

C
as

e 
st

u
d

y 

Em
p

ir
ic

al
 

st
u

d
y 

1 Zhong et al., 
[25] 

The Application of Virtual Reality 
Technology in the Digital 
Preservation of Cultural Heritage 

/  / /  / /   / 

2 Su et al., [26] Investigating the Relationship 
between Users’ Behavioral 
Intentions and Learning Effects of 
VR System for Sustainable 
Tourism Development 

/   /  / /  /  

3 Bozorgi and 
Lischer-Katz 
[27] 

Using 3D/VR for Research and 
Cultural Heritage Preservation: 
Project Update on the Virtual 
Ganjali Khan Project 

/   /   /  /  

4 Bozzelli et al., 
[28] 

An Integrated VR/AR Framework 
for User-Centric Interactive 
Experience of Cultural Heritage: 
The ArkaeVision project 

/   /   /   / 

5 Tsepapadakis 
and Gavalas 
[29] 

Are You Talking to Me? An Audio 
Augmented Reality 
Conversational Guide for Cultural 
Heritage 

/   /  /    / 

6 Hu et al., [30] Interactive Design and 
Implementation of a Digital 
Museum under the Background 
of AR and Blockchain Technology 

/  / /  /    / 

7 Garro et al., 
[31] 

Impact of Location, Gender and 
Previous Experience on User 
Evaluation of Augmented Reality 
in Cultural Heritage: The Mjällby 
Crucifix Case Study 

/   /  /    / 

8 Rizvic et al., 
[32] 

Time Travel to the Past of Bosnia 
and Herzegovina Through Virtual 
and Augmented Reality 

/  / /   /   / 

9 Damala et al., 
[33] 

The MUSETECH Model: A 
Comprehensive Evaluation 
Framework for Museum 
Technology 

/  / /  / /  /  

10 Li et al., [34] Interactive Cultural 
Communication Effect in VR 
Space of Intelligent Mobile 
Communication Network 

/  / /   /  /  
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   Table 3. Continued 
   The research articles’ findings are based on the proposed search criterion. 

No Author Title Sources Heritage 
element 

Digital 
technology 

Research 
method 

Sc
o

p
u

s 

IE
EE

 

W
O

S 

Ta
n

gi
b

le
 

In
ta

n
gi
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le

 

A
R

 

V
R

 

M
xR

 

C
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e 
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u
d

y 
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p
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u

d
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11 Presti and 
Carli [35] 

Italian Catacombs and Their 
Digital Presence for Underground 
Heritage Sustainability 

/  /  / / /  /  

12 Sun et al., [36] Restoring Dunhuang Murals: 
Crafting Cultural Heritage 
Preservation Knowledge into 
Immersive Virtual Reality 
Experience Design 

/    /  /   / 

13 Mavrin et al., 
[37] 

Immersive Cultural Tourism in the 
Context of COVID-19 Pandemic-
Global Perspectives and Local 
Impacts 

/   /   /   / 

14 Kenderdine et 
al.,  [38] 

Radical Intangibles: Materializing 
the Ephemeral 

/    /  /  /  

15 Arayaphan et 
al.,  [39] 

Digitalization of ancient fabric 
using virtual reality technology at 
the Wieng Yong House Museum: 
The FabricVR project 

/    /  /   / 

16 Manzollino et 
al.,  [40] 

Enhancement and 
Communication of Ancient 
Human Remains through VR: The 
Case Study of Sexual Dimorphism 
in the Human Skull 

/  /  /  /   / 

17 Hutson and 
Fulcher  [41] 

A Virtual Reality Educational 
Game for the Ethics of Cultural 
Heritage Repatriation 

/  /  /  /   / 

18 Van Nguyen et 
al.,  [18] 

Reconstruction of 3D Digital 
Heritage Objects for VR and AR 
Applications 

/    / / /  /  

19 Sdravopoulou 
et al., [42] 

Naturalistic Approaches Applied 
to AR Technology: an Evaluation 

/  /  / /   /  

20 Taipina and 
Cardoso  [43] 

Spectare: Re-Designing a 
Stereoscope for a Cultural 
Heritage XR Experience 

/  /  /  /   / 

21 Gheorghiu 
and Ștefan 
[44] 

Immersing into the Past: An 
augmented Reality Method to 
Link Tangible and Intangible 
Heritage 

/    / /   /  

22 Pagano et al., 
[16] 

ArkaeVision VR Game: User 
Experience Research Between 
Real and Virtual Paestum 

/  / /   /   / 

23 Zhang et al., 
[45] 

A Virtual Experience System of 
Bamboo Weaving for Sustainable 
Research on Intangible Cultural 
Heritage Based on VR Technology 

/  /  /  /   / 
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   Table 3. Continued 
   The research articles’ findings are based on the proposed search criterion. 

No Author Title Sources Heritage 
element 

Digital 
technology 

Research 
method 

Sc
o

p
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s 

IE
EE

 

W
O

S 

Ta
n

gi
b

le
 

In
ta

n
gi

b
le

 

A
R

 

V
R

 

M
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24 Nishanbaev 
[46] 

A Web Repository for Geo-
Located 3D Digital Cultural 
Heritage Models 

/   /   /  /  

25 Chen et al., 
[47] 

Design and Evaluation for 
Improving Lantern Culture 
Learning Experience with 
Augmented Reality 

/    / /    / 

26 Bertrand et 
al., [48] 

From Readership to Usership: 
Communicating Heritage Digitally 
through Presence, Embodiment 
and Aesthetic Experience 

/  / /    / /  

27 Okanovic et 
al., [49] 

Interaction in Extended Reality 
Applications for Cultural Heritage 

/  /  / / /   / 

28 Li et al.,  [50] Research on Relevant Dimensions 
of Tourism Experience of 
Intangible Cultural Heritage 
Lantern Festival: Integrating 
Generic Learning Outcomes With 
the Technology Acceptance 
Model 

/  /  / /    / 

29 Echavarria et 
al.,  [51] 
 

Creative Experiences for Engaging 
Communities with Cultural 
Heritage through Place-based 
Narratives 

/  /  / /    / 

30 Murphy et al., 
[52] 

A Human-Centred Systems 
Manifesto for Smart Digital 
Immersion in Industry 5.0: A Case 
Study of Cultural Heritage 

/   /  / /  /  

31 Ferretti et al., 
[53] 

A Comprehensive HBIM to XR 
Framework for Museum 
Management and User 
Experience in Ducal Palace at 
Urbino 

/  / /  / / / /  

32 Kang and Su 
[54] 

A Literature Analysis of Consumer 
Privacy Protection in Augmented 
Reality Applications in Creative 
and Cultural Industries: A Text 
Mining Study 

/  / /  /   /  

33 Shaharuddin 
et al.,  [55] 

A Review on the Malaysian and 
Indonesian Batik Production, 
Challenges, and Innovations in 
the 21st Century 

/    / /   /  

34 Martin et al., 
[56] 

A Digital Reconstruction of a 
Historical Building and Virtual 
Reintegration af Mural Paintings 
to Create an Interactive and  

/  /  /  /  /  

 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 58, Issue 2 (2026) 236-251 

245 
 

   Table 3. Continued 
   The research articles’ findings are based on the proposed search criterion. 

No Author Title Sources Heritage 
element 

Digital 
technology 

Research 
method 

Sc
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  Immersive Experience in Virtual 
Reality 

          

35 Puspasari et 
al.,  [57] 

Evaluation of Augmented Reality 
Application Development for 
Cultural Artefact Education 

/   /  /    / 

36 Man and Gao 
et al., [58] 

Digital Immersive Interactive 
Experience Design of Museum 
Cultural Heritage Based on Virtual 
Reality Technology 

/   /  / /   / 

37 Čejka et al., 
[59] 

Evaluating the Potential of 
Augmented Reality Interfaces for 
Exploring Underwater Historical 
Sites 

 /   / /   /  

38 Garro et al., 
[31] 

Impact of Location, Gender and 
Previous Experience on User 
Evaluation of Augmented Reality 
in Cultural Heritage: The Mjallby 
Crucifix Case Study 

  / /  / /   / 

39 Su et al., [26] Investigating the Relationship 
between Users' Behavioral 
Intentions and Learning Effects of 
VR System for Sustainable 
Tourism Development 

  /  / / /  /  

40 Liritzis and 
Volonakis [60]
  

Cyber-Archaeometry: Novel 
Research and Learning Subject 
Overview 

  / /   /  /  

 
4.1  Potential of Mixed Reality in Tangible Heritage Elements  
 

Mixed Reality (MxR) technology offers great potential for safeguarding and showcasing tangible 
cultural heritage. Some studies have explored this domain, revealing MxR's capabilities. For instance, 
studies examined the use of digital edge technology in digitally conserving cultural treasures, playing 
a role in sustainable tourism and heritage edutainment, and transforming cultural exploration with 
the ArkaeVision project [28, 25, 26]. Tsepapadakis and Gavalas [29] unveiled Exhibot, a fusion of AR, 
chatbot, and IoT, aimed at enhancing cultural guidance. Other notable advancements encompassed 
the suggestion of AR and blockchain for digital museums, an examination of AR's influence on 
museum-goers, the MUSETECH model for appraising digital technology in museums, and the 
demonstration of VR's capabilities in cultural communications and musical presentations [30-34]. 
During pandemic, certain studies on advanced technology for cultural heritage dissemination were 
conducted. These included reshaping cultural encounters through immersive technology, creating a 
VR application for Italy's Paestum site, emphasizing narratives centred on users, utilizing AR Maps for 
community heritage connections, investigating immersive experiences, exploring the digitization of 
assets with HBIM and XR, and addressing privacy concerns related to AR [10, 37, 48, 51-54]. Certain 
studies improved learning using an AR app for artefacts, investigated VR's significance in museum 
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settings, examined the influence of AR on heritage, and introduced the concept of cyber-
archaeometry as shown in Figures 4 to 7. Collectively, these studies showcased the diversity of MxR 
applications, contributing to the preservation and presentation of cultural heritage, enhancing 
education, and fostering a more profound cultural appreciation [31, 57-58, 60]. 
 

 
Fig. 4. Example of digitization cultural heritage model (Source: Nishanbaev  
[46]) 

 

 
Fig. 5. Example of interface in virtual reality exhibition (Source: Hutson and  
Fulcher [41]) 

 

 
Fig. 6. Example of AR Virtual Museum  (Source: Bertrand et al., [48]) 
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Fig. 7. Visitors explore virtual heritage site (Temple of Hera) using HTC Vive    
(Source: Pagano et al., [16]) 

 
4.2 Mixed Reality in Intangible Heritage Elements for Cultural Edutainment 
 

Mixed Reality (MxR) technology offers significant potential for preserving and promoting 
intangible cultural heritage through engaging experiences. Research has explored various MxR 
applications, elevating cultural education and heritage conservation. For example, a study showcased 
the significance of MxR in Italian catacombs, employing augmented and virtual reality to restore 
Dunhuang murals via VR for heightened awareness. Other research delved into pandemic-induced 
cultural changes using immersive technology, endorsed naturalistic AR approaches, re-envisioned 
history with "Spectare," merged tangible and intangible heritage through Mobile Augmented Reality 
(MAR), and safeguarded the Dongyang bamboo weaving tradition via a virtual platform [35-37, 42-
45]. Another illustration of advanced technology research for intangible heritage edutainment 
involves enhancing Lantern Culture education through AR and mobile tools, emphasizing the 
significance of digital storytelling, introducing the concept of "radical intangibles," utilizing VR to offer 
accessible heritage experiences, and employing VR for the study of ancient remains [38-40, 47, 49] 
Certain researchers have utilized VR to enrich cultural education, reconstruct historical artefacts 
through virtual means, and elevate Intangible Cultural Heritage (ICH) tourism experiences using 
Augmented Reality (AR) [18, 41, 15]. Additionally, research focused on involving youth in batik 
heritage, digitally revitalizing historical sites, enhancing underwater exploration through AR, and 
showcasing the beneficial effects of the 4DKanKan system on sustainable tourism education [26, 55, 
56, 59]. These studies illustrate MxR's diverse applications in safeguarding cultural heritage, enriching 
education, and nurturing deeper cultural appreciation. 
 

 
Fig. 8. Example of learning intangible cultural heritage (bamboo  
weaving patterns) in VR (Source: Zhang et al., [45]) 
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5. Discussion  
 

This systematic review extensively examines the use of XR technologies in the cultural heritage 
sector, emphasizing the potential of MxR for cultural edutainment at heritage sites. MxR seamlessly 
integrates digital reconstructions of historic structures and artifacts into real-world environments, 
enriching the understanding of their historical context. Interactive MxR exhibitions enhance 
educational experiences and emotional connections with cultural elements. Moreover, MxR 
promotes accessibility, allowing individuals with physical impairments to engage virtually with 
historical monuments. Multilingual support broadens participation among diverse cultural 
backgrounds. However, the study acknowledges limitations, including the lack of MxR research in 
cultural edutainment compared to AR and VR and challenges like device costs and expertise 
shortages in this emerging field. Only two studies were identified, both emphasizing the significant 
role and impact of Mixed Reality (MxR) in heritage tourism [48, 53].  
 
6. Conclusion 
 

In conclusion, this systematic review of MxR in cultural heritage for edutainment highlights its 
transformative capabilities. MxR facilitates immersive storytellings, virtual performances, and 
interactive experiences and deepens the understanding and appreciation of cultural heritage. By 
preserving and promoting these aspects, MxR plays a vital role in safeguarding diversity and 
transmitting traditions to the future generations. Integrating MxR in cultural heritage environments 
enriches education, fostering stronger connections between visitors and cultural artefacts. The 
utilization of digital technology is an essential aspect of informal learning tools that can enhance 
users' understanding, knowledge, and visualization [61]. This study aims to explore cost-effective 
MxR solutions and draw insights from related XR subdomains like AR, VR, and MxR. The goal is to 
provide innovative and interactive experiences benefiting researchers, institutions, and visitors. 
Future research should focus on cost-effective MxR adoption, involving collaborative expertise to 
enhance content quality and user experiences. 
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