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Abstract
Preserving the Great Wall, a renowned Chinese cultural heritage site, poses several challenges due to 
insufficient public awareness, inadequate policies, and a shortage of professional management staff. 
Urgent intervention through the integration of new technology is necessary to address these pressing 
issues. In recent years, the use of digital platforms and Extended Reality (XR) technology has emerged 
as a transformative force in the preservation and promotion of cultural heritage content. XR technology 
can make cultural heritage digitally accessible, providing users with an immersive experience and 
promoting public engagement. And thanks to the potential to engage communities, educate young 
people and present cultural heritage in digital formats, online games have become an important catalyst 
in the field of heritage conservation. Games offer a platform where players can learn through action, and 
education is cleverly integrated into the playful narrative rather than being explicitly stated beforehand. 
The integration of gaming, XR technology and digital tourism actively involves communities, surpasses 
physical constraints, and bridges the temporal gap between the past, present, and future. 
In the year 2022, the China National Cultural Heritage Administration forged a collaborative 
partnership with Tencent Games, culminating in the creation of a WeChat [1] application christened 
Great Wall E-tour. This compact application package has been ingeniously designed to allow users 
to virtually travel the Great Wall and participate in its restoration, all through the medium of their 
mobile devices. Notably, the application also facilitates an immersive exploration of the “Digital Great 
Wall” while providing a profound insight into its historical lineage. Beyond mere exploration, it also 
encourages active engagement in the restoration process of this iconic monument. This study serves to 
underscore the pivotal role of Great Wall E-tour as a multifaceted World Heritage preservation tool in 
the specific context of China. The discourse here explores the significant contribution of online games, 
with a particular focus on the use of XR technology in the broader field of heritage preservation and 
promotion. It demonstrates the integration of XR technology in the context of museums, historic sites 
and educational initiatives. The article also highlights the critical importance of maintaining a seamless 
and immersive gaming experience while imparting knowledge about the past, underscoring the need for 
a harmonious balance between educational content and user engagement.

Fig. 1 - Overview of the Game Yun You Chang Cheng.
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Introduction

Game-based learning has been confi rmed as an effi  cient approach that can provide 
an engaging and interactive way, to educate the public about the signifi cance of 
cultural heritage (CH) content conservation (Camuñas-García et al., 2023a, 2023b; 
Mortara et al., 2014; Varinlioglu & Halıcı, 2019). Extended Reality (XR) technology, 
covering Augmented Reality (AR), Virtual Reality (VR), as well as Mixed Reality (MR) 
technology (Fast-Berglund et al., 2018; Mudička & Kapica, 2023; Okanovic et al., 
2022), can make CH sites digitally accessible regardless of time and space constraints, 
its character of the connection of virtuality and reality has enabled this technology to 
be widely used in CH area for education, virtual tourism, and preservation since the 
mid-2000s (Bekele et al., 2018). In recent years, researchers have increasingly focused 
on exploring the impact of combining XR technology and online games (OGs) to 
convey CH information, and have developed some XR serious games in this domain 
(Zhang et al., 2018, 2021; Ekonomou & Vosinakis, 2018; Vu et al., 2018).
Th e article explores the integration of XR technology in OGs, and its potential to 
engage communities in the preservation and promotion of CH in the Chinese context. 
It is structured as follows: Section 2 off ers a comprehensive literature review on the role 
of OGs with XR technology in raising public awareness of CH content conservation 
and dissemination, providing a theoretical foundation for subsequent analysis.  In 
Section 3, we examine the case study of the Great Wall E-tour, also known as Yun You 
Chang Cheng (YYCC) in Chinese, to illustrate how OGs can eff ectively enhance the 
aforementioned aspects and practically contribute to the expansion of the CH database 
within the Chinese context. Finally, the article discusses the current constraints in 
developing CH online games and proposes methods to mitigate them.

Th e role of OGs in CH conservation

OGs especially serious games have become a signifi cant catalyst in the fi eld of CH 
conservation. Th ey have the potential to engage communities, educate young people, 
and present CH content in digital formats. Th is promising venture requires further 
analysis. Ordinary virtual tours only provide information, but online serious games enable 
the users to create their cognitive journey and gain a deeper historical understanding 
of CH content. Th ey are instrumental in encouraging greater involvement of local 
residents in museums and CH sites pursuits, as well as archival processes, dealing with 
both tangible and intangible CH. Additionally, they also serve as a potent means of 
enhancing and communicating historical, cultural, and artistic heritage, transcending 
time and space restrictions (Champion, 2016).
Online serious games off er a unique opportunity for players to learn through action, 
with education cleverly integrated into the playful narrative rather than being explicitly 
stated beforehand. Th ese types of games enable the public to learn about the importance 
of preserving cultural heritage in an engaging and interactive way (Camuñas-García 
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et al., 2023a). In light of this, global research has been conducted to focus on the 
development of online serious games for CH conservation. Th e Palazzo Madama 
Museum in Italy utilizes location-based mobile games to encourage young visitors 
to explore museums and participate in the process of creating meaning (Rubino et 
al., 2015). In Shiroishi, Japan, supporters of the computer game Sengoku BASARA 
are working to revive local tourism by showcasing their aff ection for their hometown 
(Yamamura, 2015). Similarly, Assassin’s Creed Odyssey is a powerful tool for delving 
into the past, enabling players to explore places, understand changes, relive events, and 
gain insights into the lives, habits, and customs of people from historical periods (Cole, 
2022). Th ese games are a valuable pedagogical medium for preserving, representing, 
and sharing knowledge of CH (Varinlioglu et al., 2017). Th en, with the successful 
application of XR technology in virtual museums, the researcher has confi rmed online 
serious games using this technology have more advantages in the public engagement 
of CH (Ferdani et al., 2020). According to (Bozzelli et al., 2019), the combination of 
immersion and reality allows users a deep involvement on an emotional basis, and pay 
more attention to their experience within the 3D context.

XR online serious games on CH conservation and value promotion

XR online serious games enable worldwide users to access CH sites without temporal 
or spatial restrictions, further raising their interest and awareness on culture and 
history, through the 3D model reconstruction and representation of damaged heritages 
or unreachable sites. Various works showcase the diverse XR online serious games in 
the dissemination and conservation of CH assets. For instance, the iMARECULTURE 
project is designed with immersive technologies to make the unreachable underwater 
heritage site in the Mediterranean Sea accessible to the public through museums or 
the web, it includes a serious game for museum tourists to sail over the Mediterranean 
and an AR excavation game for divers. (Skarlatos et al., 2016). Varinlioglu and Halıcı 
(2019) proposed a low-budget treasure hunt game based on mobile phone for an 
archaeological site, to enhance visitors’ interest, and promote the dissemination of 
CH contents through AR objects and trivia questions. Similarly, Mohammed et al. 
(2020) also proposed an audio AR online serious game to guide tourists to diff erent 
attractions existing in the “JnanSbil” historical garden with stereo headphones, creating 
an interactive and immersive visit. Roumana et al. (2022) developed an educational 3D 
puzzle-like serious game to operate within a VR environment while aiming toward the 
dissemination of CH content to the younger public. XR online serious games enable 
players to experience culture and history through multiple senses, enhancing their 
enjoyment of cultural learning and interaction with CH content (Th eodoropoulos & 
Antoniou, 2022).
In addition, XR online serious games have also demonstrated a positive impact on 
conveying knowledge about CH sites through reconstruction and representation 
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(Bozzelli et al., 2019; Varinlioglu & Halıcı, 2019). Kiourt et al. (2016) developed a 
comprehensive 3D virtual museum framework with dynamic capabilities, DynaMus, 
utilizing game engine software to provide CH content visualization and educational 
activities intertwined with VR technology. Hammady et al. (2016) combined indoor 
AR and gamifi cation techniques in the Egyptian Museum in Cairo, for the sake of 
educating visitors about the history and the culture of ancient Egyptians. At the 
archaeological site of Delphi, Ekonomou and Vosinakis (2018) presented a mobile 
AR application “Oracle of Delphi app”, aiming to engage secondary school students 
in a playful exploration of the area, to discover the history of Delphi about the most 
signifi cant monuments. Zhang et al. (2018) developed a VR serious game centered 
around the Terracotta Warriors culture tourism, encouraging visitors to actively explore 
Terracotta Army pits and the Mausoleum of the Qin Emperor, while also facilitating 
eff ective learning of the history and culture of the Qin Dynasty.
General information of OGs in previous literature is summarized in Tab. 1, which 
indicates that most XR online serious games are quizzes or at least include quizzes 
(Ekonomou & Vosinakis, 2018; Mohammed et al., 2020; Roumana et al., 2022; L. 
Zhang et al., 2018), puzzles (Roumana et al., 2022), treasure hunt (Ekonomou & 
Vosinakis, 2018; Mohammed et al., 2020; Varinlioglu & Halıcı, 2019), and excavation 

Article 
Info. Games Genre Game 

purpose 
Target 
audience Device Site 

Rubino et al., 
2015 Gossip at palace Location-

Based Educate Young 
generation Mobile phone Museum 

Yamamura, 
2015 

Sengoku 
BASARA Action  Educate& 

Entertain Local citizens Computer/Mobile 
phone Anywhere 

Cole, 2022 Assasin's Creed 
Odyssey 

Action 
role-
playing 

Educate & 
Entertain Anyone Computer/Video 

game consoles Anywhere 

Skarlatos et 
al., 2016 iMARECULTURE 

Location-
Based & 
Excavation 

Educate & 
Research 

Diver, visitor, 
Scholar VR devices Museum, Web 

Varinlioglu & 
 TeosGO Treasure 

hunt Educate Visitors Mobile devices Archaeological 
site 

Mohammed 
et al., 2020 No name 

Scavenger 
hunt & 
Quiz 

Educate Visitors Stereo headphones, 
Mobile phone Historical site 

Roumana et 
al., 2022 No name 3D Puzzle 

& Quiz Educate Young public Computer, VR 
devices Not mentioned 

Kiourt et al., 
2016 DynaMus Simulation Educate Anyone Computer Web 

Hammady et 
al., 2016 Horus Shooting Educate Visitors Museum digital 

devices Museum 

Ekonomou & 
Vosinakis, 
2018 

Oracle of Delphi 
app 

Treasure 
hunt & 
Quiz 

Educate Secondary school 
students Mobile phone Archaeological 

site 

Zhang et al., 
2018 

VR terracotta 
warriors 
culture-oriented 
travel game 

Virtual 
visiting & 
Quiz 

Educate & 
Value 
Disseminate 

Visitors VR devices Museum 

Tab. 1 - General information of OGs in literature review.
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(Skarlatos et al., 2016), the playability of the games is relatively poor. Also, they have 
specifi c device or site of use requirements and stakeholders, for instance, some can 
only be played with head-worn devices (e.g. (Mohammed et al., 2020; Roumana et 
al., 2022; Skarlatos et al., 2016; L. Zhang et al., 2018), it is not friendly to users with 
motion sickness or not familiar with the equipment (Th eodoropoulos & Antoniou, 
2022). And most need to be played in conjunction with museums or archaeological 
site (Ekonomou & Vosinakis, 2018; Hammady et al., 2016; Mohammed et al., 2020; 
Rubino et al., 2015; Skarlatos et al., 2016; Varinlioglu & Halıcı, 2019; L. Zhang 
et al., 2018). Additionally, a majority of these games remain as artifacts for research 
(Ekonomou & Vosinakis, 2018; Zhang et al., 2018; Varinlioglu & Halıcı, 2019; 
Mohammed et al., 2020; Roumana et al., 2022), and they have rare opportunities to 
be released to the public (Camps-Ortueta et al., 2021).

Case study

As the largest single linear CH in the world, the Great Wall was listed as one of the 
World Heritage sites in 1987. However, due to long-term natural erosion and the 
primary material used (mainly rammed earth), most sections have collapsed or been 
damaged. According to the State Administration of Cultural Heritage of China, around 
30% of the artifi cial walls of the Ming Great Wall have disappeared, and only 10% are 
well-conserved (People’s Daily Online, 2021). Despite various sections of the Great 
Wall gradually being added to the key cultural relics under national protection since 
1961, the current situation and protection work are still not optimistic. Th e 2017-
2018 Report on the Conservation of the Great Wall indicated there is a lack of support 
for the protection and utilization of archaeological research on the Great Wall (Liu, 
et al., 2020). And the basic data measured has not yet been converted into the basis 
for the protection of the Great Wall (Zhang, 2018). In some regions, there is even a 
phenomenon of excessive use of technology (Cao et al., 2018). Furthermore, insuffi  cient 
public understanding of the Great Wall’s basic knowledge also makes it diffi  cult to 
carry out further preservation. It is estimated that merely 40% of surrounding residents 
are aware of the Great Wall ruins in their living area (Zhang, 2018).
Th e Xifengkou Great Wall is one of the signifi cant passes of the Ming Great Wall, 
located in Hebei province, which was also an essential transportation route at that time. 
Th roughout history, this section of the Great Wall has suff ered from problems such as 
the collapse and peeling of walls, because of long-term wars and frequent earthquakes. 
Furthermore, the construction of the Panjiakou Reservoir in the area has resulted in a 
portion of the Xifengkou Great Wall being submerged, creating a unique spectacle of 
the underwater Great Wall. In 2016, the Tencent Charity Foundation partnered with 
the China Cultural Relics Protection Foundation to collaborate with the Great Wall 
research teams at Peking University and Tianjin University, supporting the restoration 
of the Xifengkou Great Wall. During this process, they realized that CH protection 
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Fig. 1 - People Daily Online, Screenshot of the Game Yun You Chang Cheng, 2022 <https://cn.chinadaily.
com.cn/a/202206/27/WS62b910e5a3101c3ee7adcccc.html> (last accessed Oct. 19, 2023).

requires not only physical restoration but also digital conservation. Th e elimination of 
time and space limitations, allows everyone to obtain the basic knowledge of the Great 
Wall.
To address these challenges, the National Cultural Heritage Administration partnered 
with Tencent Technology Public Welfare and Game Team to create the WeChat 
application YYCC in 2022 (see Fig. 1), drawing from their expertise and achievements 
in restoration work. Utilizing data collected from the Xifengkou Great Wall, the 
project encompasses the Great Wall E-tour game, educational modules on history, 
architecture, and protection, 360 degrees VR panoramic views of the Great Wall, and 
entertaining quizzes. In the game, users can experience the restoration work of the 
Great Wall, including archaeological cleaning, bricklaying, jointing, brick wall repair, 
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and support. Th rough answering the quizzes, players can obtain specifi c tools for the 
accomplishment of the tasks, and they will learn the diffi  culties and approaches for the 
Great Wall restoration (see Fig. 2). Besides, thanks to the utilization of photogrammetry 
and Procedure Content Generation technologies and Unreal Engine 5, users can also 
take an immersive digital visit to the Great Wall simultaneously.
Due to the steep terrain of Xifengkou and its distance from the city, so much so that 
many people cannot easily access it. Th rough the high-precision restoration of these 
measured data, YYCC provides users with a complete natural environment, allowing 
them to experience the winter, summer, and day and night changes of the Xifengkou 
Great Wall immersively and freely. In addition, this project also includes 360 degrees 
VR panoramic cameras of other sections of the Great Wall, making users appreciate the 
scenery of the entire Great Wall to a great extent, regardless of the physical limitations. 
YYCC promotes online tourism of CH, which allows tourists who are unable to travel 
in person to visit the Great Wall at any time. It also encourages tourists to revisit 
and experience the Xifengkou Great Wall from various viewpoints at various periods, 
thereby increasing the popularity and mitigating the potential man-made destruction 
of CH assets.
Apart from its tourism function, YYCC contributes to the education of the Great Wall 
as well. It allows users to directly gain basic knowledge of the Great Wall, including its 
construction and defense system, etc. Th rough quizzes and repair tasks, users can have 
ideas on the factors that may cause damage to the Great Wall, and how to conduct 
protection and restoration. Additionally, relying on WeChat application and network 
operators (e.g. China Mobile, China Unicom, China Telecom, etc.), YYCC can collect 
and analyze the data on the user’s age, geographic location, and the user’s correct rate 
of quizzes to sort out the public’s mastery of knowledge related to the Great Wall, and 

Fig. 2 - Yun You Chang Cheng, Th e game contents of Yun You Chang Cheng (a. 360 degrees VR panoramic 
view; b. Restoration tasks; c. Quizzes; d. Game operation interface), 2022 <https://chiculture.org.hk/index.
php/sc/school-program/the-great-wall> (last accessed Dec. 20, 2023).
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then adjust and optimize the content of the game to better enable the public to obtain 
high-quality knowledge effi  ciently. Currently, YYCC has been used as a teaching case 
in primary and secondary schools in Hong Kong, increasing students’ respect for the 
history of the Great Wall, and enriching their cultural knowledge.
Regarding the public engagement in the Great Wall conservation, YYCC adopts a fi rst-
person narrative and audio-visual content to enhance public emotional engagement 
and attract them to participate in game storylines, making players understand the 
signifi cance and urgency of the Great Wall’s restoration, and activate public empathy 
for heritage protection. Furthermore, users can get points through in-game repair 
tasks, daily quizzes, and reading learning materials. Th ese points can then be converted 
into offl  ine public welfare supplies to aid in the restoration and protection of the Great 
Wall. Th is method stimulates the public to be active learners, transforming their online 
participation into practical offl  ine forces, and encouraging more people to participate 
in the protection of Chinese cultural heritage.
Besides, YYCC has also made some innovations in gaming technology. It is a mini 
program in WeChat based on mobile devices and webpage, using a cloud gaming 
transmission fl ow control algorithm, this technology can decrease time cost and 
operating pressure to ensure the quality of the users’ experience under diff erent 
networks. It will also be stationed in museums in the future, along the Great Wall in 
collaboration with the Great Wall Museum Association, to provide tourists with a more 
immersive and technologically advanced visiting experience. Additionally, it will serve 
as an innovative form of internet communication and carrier of digital technology, 
providing valuable reference for the future development and utilization of the global 
heritage sites as well as the digitization of CH.  
YYCC has achieved signifi cant success in developing innovative technology for 
measuring and visualising CH data. Th e application is a crucial tool for creating 
digital archives, not only for the Great Wall but also for measuring other various 
Chinese tangible heritage sites. YYCC has gathered precise measurement data for the 
Xifengkou Great Wall and its adjacent natural ecological environment using cutting-
edge technologies, such as laser measurement and drone recording. Th e integration of 
these state-of-the-art technologies not only signifi cantly reduces the labour and time 
costs associated with surveying, but also expands the digital database of the Great Wall. 
Th ese methods for digital measurement and documentation provide robust support for 
future scientifi c research and creative digital representation of the Great Wall.
However, YYCC, a newly developed online serious game, exhibits areas that require 
improvement. Firstly, the project faces challenges associated with the absence of 
sustained funding investment. As a non-profi t public welfare initiative, YYCC relies 
predominantly on charitable funds, a fi nancial model that may struggle to adequately 
cover the substantial maintenance costs in later stages. Secondly, the game’s simple 
mechanics primarily appeal to students, which limits its audience. For individuals 
with a certain level of pre-existing knowledge, the game’s appeal may be insuffi  cient. 
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Th irdly, the sustainability of interaction between the game and users is questionable, as 
users cannot revisit in-game restoration tasks, which restricts YYCC’s functionality to 
digital exploration upon replay. Furthermore, the game lacks personalisation, requiring 
players to complete restoration tasks before gaining unrestricted access to explore 
the Xifengkou Great Wall. Players often follow prompts without engaging in critical 
thinking during restoration tasks, potentially leading to a loss of interest and minimal 
impact on enhancing public knowledge. Finally, the game only supports Simplifi ed 
and Traditional Chinese, which can be challenging for non-native Chinese speakers 
and may hinder the global promotion of heritage value.

Discussion and conclusion

Online games for disseminating and educating on CH content in China are a recent 
development. Most existing games incorporate cultural heritage elements through 
temporary thematic events, (e.g. costumes of characters in Arena of Valor [2] and race 
maps in QQ Speed [3]). However, few games have been released to the public that 
not only reconstruct the history of CH but also convey information about heritage 
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Education 

Building process 

Culture knowledge 

History knowledge 

Community engagement enhancing Crowdsourcing data analysis for better user experience 

Technology Innovation 
High-precision measurement 

Virtual restoration 

Digital archive 

Data collection 

Measurement 

Visualisation 

Recording and dataset 

Challenges Approaches 

Financial support and management 
Involve broader communities (e.g. NGOs) 

Policy making 

Limitation of users 

Multilingual support 

Software usability 

User-centered approach 

Sustainability of interaction  

Personalisation users experience 

Raise public awareness of participation 

Improve the game's playability 

Tab. 2 - Summarise of YYCC Contributions and Challenges.
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value and conservation through edutainment. Th is article highlights the potential 
benefi ts of online games in promoting cultural heritage conservation in China, with a 
particular focus on the game YYCC. Th e contributions and challenges of the game for 
CH conservation is summarised in Tab. 2. However, it is important to note that there 
is a lack of evaluation of user experience, which requires further empirical research to 
address this limitation.
Th e integration of digital protection with cloud tourism in YYCC’s heritage site 
gamifi cation represents a signifi cant advancement. Th is approach suggests a novel way 
to positively infl uence the reconstruction, preservation, education, and representation 
of cultural heritage content through online serious games. To enhance user engagement, 
the game employs a fi rst-person narrative approach and incorporates audiovisual 
content, fostering an immersive learning experience. Th is is consistent with previous 
research (Mortara et al., 2014; Fenu & Pittarello, 2018; Lehto et al., 2020; Camuñas-
García et al., 2023a). YYCC was piloted as a game design based on data from a partial 
section of the Great Wall site. It is advisable to broaden its implementation to encompass 
other sections of the Great Wall and potentially other world heritage sites. 
However, a comparative analysis reveals that YYCC’s game content is relatively simple 
and lacks customization, resulting in suboptimal gameplay. Furthermore, the game 
mainly targets primary and secondary school students, neglecting the user experience 
of the general public. Future initiatives should prioritize raising the game’s playability 
and providing multilingual support to engage individuals from diverse backgrounds in 
CH conservation.
Despite YYCC employing an interactive reward mechanism to increase user interaction 
and enhance public awareness of participation in heritage asset conservation, the game 
remains largely object-centered rather than user-centered (Ch’ng et al., 2019). Th e 
article highlights the signifi cance of interactive collaboration among professionals from 
diff erent fi elds, such as educators, art directors, and game designers, for the success of 
a computer-human online serious game with a pedagogical objective (Mortara et al., 
2014). It is recommended that future initiatives actively engage diverse communities 
or individuals in the development of CH online serious games. Authorities are urged to 
provide policy and fi nancial assistance to support institutions and game development 
companies in this endeavour.

Notes

[1] WeChat, also known as Weixin in Chinese, is a multifaceted Chinese application developed by 
Tencent. It combines instant messaging and social media functions, similar to WhatsApp and Instagram 
respectively. It also supports numerous mini applications, making it a versatile digital experience for 
users.

[2] A multiplayer online battle arena game developed by TiMi Studio Group, Tencent Games, and 
Proxima Beta Pte. Limited.

[3] An online racing game developed by Jade Studio.
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