N)
)
Check for
updates

HeritageSite AR: Design and Evaluation of a Mobile Augmented
Reality Exploration Game for a Chinese Heritage Site

NINGNING XU, School of Advanced Technology, Xi’an Jiaotong-Liverpool University, Suzhou, China and
Zhejiang Wanli University, Ningbo, China

YUE LI, Department of Computing, School of Advanced Technology, Xi’an Jiaotong-Liverpool University,
Suzhou, China

JIACHEN LIANG, School of Advanced Technology, Xi’an Jiaotong-Liverpool University, Suzhou, China
and School of Architecture, University of Liverpool, Liverpool, UK

KEXIANG SHUAI, YUWEN LI, and JIAQI YAN, School of Advanced Technology, Xi’an
Jiaotong-Liverpool University, Suzhou, China

CHENG ZHANG, Department of Civil Engineering, Design School, Xi’an Jiaotong-Liverpool University,
Suzhou, China

YIPING DONG, Department of Architecture, Design School, Xi’an Jiaotong-Liverpool University,
Suzhou, China

This article explores the use of a mobile Augmented Reality (AR) exploration game to enhance immersive storytelling and
enrich cultural experiences. Specifically, we present the prototype design and evaluation of HeritageSite AR, an AR exploration
game for a Chinese heritage site known as the Relics of Arhat Monastery and Twin Pagoda, or Shuangta. To develop the AR game
for use in heritage sites, we employed a holistic approach, beginning with a review of technical means for cultural application
development. We then conducted semi-structured interviews with domain experts and administered an online survey to
identify user requirements and design goals, which informed our prototype design. An evaluation study showed positive
feedback regarding the impact of game design on meaningful and playful cultural heritage site experience and identified areas
for potential refinements in future iterations. We discuss the implications and lessons learned for our future work, which may
also interest researchers and practitioners exploring the use of AR technologies and game design in heritage site contexts.

This work was supported by the Suzhou Science and Technology Development Planning Programme (2022SS51) and the National Natural
Science Foundation of China (62207022).

Authors’ Contact Information: Ningning Xu, School of Advanced Technology, Xi’an Jiaotong-Liverpool University, Suzhou, China and Zhejiang
Wanli University, Ningbo, China; e-mail: ningning.xu@zwu.edu.cn; Yue Li (corresponding author), Department of Computing, School of
Advanced Technology, Xi’an Jiaotong-Liverpool University, Suzhou, China; e-mail: yue li@xjtlu.edu.cn; Jiachen Liang, School of Advanced
Technology, Xi’an Jiaotong-Liverpool University, Suzhou, China and School of Architecture, University of Liverpool, Liverpool, UK; e-mail:
jiachen.liang21@student.xjtlu.edu.cn; Kexiang Shuai, School of Advanced Technology, Xi’an Jiaotong-Liverpool University, Suzhou, China;
e-mail: kexiang.shuai20@student.xjtlu.edu.cn; Yuwen Li, School of Advanced Technology, Xi’an Jiaotong-Liverpool University, Suzhou, China;
e-mail: yuwen lil7@student.xjtlu.edu.cn; Jiaqi Yan, School of Advanced Technology, Xi’an Jiaotong-Liverpool University, Suzhou, China;
e-mail: jiagi.yan22@student.xjtlu.edu.cn; Cheng Zhang, Department of Civil Engineering, Design School, Xi’an Jiaotong-Liverpool University,
Suzhou, China; e-mail: cheng.zhang@xjtlu.edu.cn; Yiping Dong, Department of Architecture, Design School, Xi’an Jiaotong-Liverpool
University, Suzhou, China; e-mail: yiping.dong@xjtlu.edu.cn.

Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that
copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page.
Copyrights for components of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy
otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from
permissions@acm.org.

© 2024 Copyright held by the owner/author(s). Publication rights licensed to ACM.

ACM 1556-4711/2024/12-ART67

https://doi.org/10.1145/3700881

ACM Journal on Computing and Cultural Heritage, Vol. 17, No. 4, Article 67. Publication date: December 2024.


https://orcid.org/0000-0002-6053-6742
https://orcid.org/0000-0003-3728-218x
https://orcid.org/0000-0001-5335-8821
https://orcid.org/0000-0002-1266-8994
https://orcid.org/0000-0002-4155-2026
https://orcid.org/0000-0003-3272-5578
https://orcid.org/0000-0003-2465-1767
https://orcid.org/0000-0002-8334-3062
mailto:permissions@acm.org
https://doi.org/10.1145/3700881
http://crossmark.crossref.org/dialog/?doi=10.1145%2F3700881&domain=pdf&date_stamp=2024-12-10

67:2 « N.Xuetal.

CCS Concepts: » Human-centered computing — Human computer interaction (HCI); Mixed / augmented reality;
User centered design;

Additional Key Words and Phrases: augmented reality, cultural heritage, game design, immersive storytelling

ACM Reference format:

Ningning Xu, Yue Li, Jiachen Liang, Kexiang Shuai, Yuwen Li, Jiaqi Yan, Cheng Zhang, and Yiping Dong. 2024. HeritageSite
AR: Design and Evaluation of a Mobile Augmented Reality Exploration Game for a Chinese Heritage Site. ACM J. Comput.
Cult. Herit. 17, 4, Article 67 (December 2024), 29 pages.

https://doi.org/10.1145/3700881

1 Introduction

The preservation of Cultural Heritage (CH) plays a vital role in promoting sustainable development of
environmental, economic, and social aspects [52]. Over the past decades, the Chinese government has actively
engaged in preserving and promoting Chinese CH sites. The digitization and communication of CH have evolved,
moving beyond the creation of digital archives to emphasize the proper and effective use of these digital assets
and enhance visitor experience in cultural services. CH sites sometimes heavily rely on static labels and displays
containing text and images to present information and guide visitors. This passive approach is limited to facilitate
learning and hinders the development of essential social and emotional skills [21]. On the other hand, informal
and participatory learning approaches have been proven effective in engaging visitors in site visits and enhancing
the visitor experience through gameplay [10, 33]. In this context, the integration of handheld mobile devices has
become an affordable way to enrich CH visits [7], enabling interactive, engaging, and personalized experiences.
This includes the use of Augmented Reality (AR) technologies with rich visual displays and interactive features.

Location-based mobile AR applications for CH visits have a unique advantage, providing contextual clues
through exploration to facilitate visitors’ meaning-making of the historical and cultural insights [69]. This
approach not only facilitates engagement with physical artifacts and sites but also provides visitors with interac-
tive and immersive media content, thereby greatly enhancing the digital competitiveness of CH sites. Moreover,
previous research has explored the incorporation of location data, historical images, and narratives to stimulate
reinterpretation and reflection on historical topics [34]. These AR applications often involve game design that
engages players in interactions with the physical environment and sometimes virtual spaces. Narratives, in
particular, which blend storytelling and history, serve as a means to comprehend the surrounding environments
and one’s own identity [3]. In addition, treasure hunt contributes to players’ motivation to search for hidden
information. The exploration of unknown settings comes with a sense of mystery that reinforces players’ con-
nections with cultural content [45]. Furthermore, role-playing was also found to help players understand the
worlds, roles, and rituals, thereby conveying deeper notions of culture [8]. By integrating these game elements
with interactive technologies, the CH experience can be more engaging and educational for visitors.

Our work was conducted at a local heritage site, the Relics of Arhat Monastery and Twin Pagoda, commonly
referred to as Shuangta. Located in the center of the millennia-old town of Suzhou, China, this site is renowned
for its two nearly identical pagodas standing side by side [51]. Shuangta was built during the Northern Song
Dynasty (960-1126). It preserves carved stone pillars of the Relics of the Main Hall of Arhart Monastery and houses
historical stone statues and inscriptions spanning over a millennium. This site is of significant historical and
cultural research values that foster intercultural conversation and raise public awareness of heritage preservation.
In this article, we introduce our prototype design of HeritageSite AR, an AR exploration game that supports playful
learning experiences for site visits at Shuangta. In the following sections, we detail our research motivation
and the key insights that guide our work, which are structured based on the three components of Triadic
Game Design (TGD) [27]: reality, meaning, and play. We adopted this framework as it is highly relevant to
the design of AR games and has demonstrated effectiveness in prior studies within a similar context of cultural
learning [12, 17].
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1.1 Reality: Multimedia Guide and Location-Based AR

Reality refers to the representation and simulation of real items, aiming to provide players with a digital envi-
ronment that mirrors actual situations, places, or objects. At present, many CH sites have implemented digital
guides to recreate their past glory, providing users with an immersive experience [57, 59]. Digital reconstructions
based on historical evidence allow users to immerse themselves in a lifelike cultural experience. Advanced digital
imaging techniques, such as 3D scanning and photogrammetry, facilitate the creation of high-resolution replicas,
which serve as references for digital restoration, contributing to efficiency and convenience for the purpose of
popularization [24, 36]. In this trend, interactive displays and multimedia guide systems have been adopted to delve
deep into the historical, cultural, and societal significance [38]. Historical sites could embed in-depth information
exploration to the tour and enhance the appeal of CH [68]. Previous work has highlighted the advantages of
multimedia guides in extending the duration of visitors’ tours beyond a typical visit [62]. The authors argued
that the effective design of the information presentation contributed to the prolonged visitor engagement in
the artwork, despite the potential distraction posed by the display. Notably, incorporating portable devices (e.g.,
smartphones) into site visits is a cost-effective solution for cultural institutions that lack dedicated equipment and
technical staff support [55]. By utilizing users’ own devices and providing digital content that is self-explanatory
in the multimedia guide, CH sites can enhance visitor engagement and create a playful experience.

Within a heritage site, multimedia guide information is sometimes conveyed through a location-based approach.
It takes advantage of users’ own devices and enhances contextual navigation in cultural spaces without setting
up screen displays among the sites. AR technologies, when combined with physical locations, have the potential
to create embodied cultural knowledge and situated experiences in a hybrid space [79]. Various techniques, such
as realistic visual renderings, spatial mapping, and audio effects, can be employed to enhance the realism of
location-based AR experiences [30]. For instance, Oppermann et al. [54] presented a personalized location-based
museum guide that integrates AR components and audio output for interactive annotations with multi-modal
information about the surrounding environment. It is crucial to note that AR applications allow users to experience
digital content integrated with the real-world environment. It differs from Virtual Reality (VR) systems which
present virtual environments that are completely simulated. In location-based AR, the connection between digital
content and the real world plays a vital role in the user experience. We aim to explore how to effectively integrate
multimedia technologies and guiding information into a location-based AR application to develop immersive,
educational, and engaging CH experiences that seamlessly combine physical and digital content.

1.2 Meaning: Digital Storytelling for Heritage Sites

Meaning includes the information a game conveys, to which the players resonate with and perceive value,
obtain knowledge, or learn lessons beyond playing. Meaning-making is a cognitive process. Previous studies
have revealed the effectiveness of storytelling in supporting cognitive activities [58, 63]. It presents information
in a logical and structured way, and individuals could relate the narrative with their previous experiences.
This approach facilitates knowledge acquisition and retention, following the constructive learning theory. In
particular, digital storytelling was found effective in enhancing the CH experiences of young audiences [7]. The
young demographic is familiar with the use of digital technologies on the go. While walking through the site
guided by the narratives, visitors are involved in the exploration and informal learning within the site. From the
educational perspective, this kind of user engagement is a prerequisite of learning and contributes to knowledge
comprehension, learning outcomes, personal skill enhancement, and the evolution of values and attitudes [28].
Aside from the positive effects of digital storytelling on learning, narratives also transform CH experiences into
a societal service, contributing to CH preservation and communication [13]. The narratives add cultural value
to physical sites and reinforce the public’s historical memories. In particular, avatars, as a part of the narrative,
contribute to immersing visitors in the storytelling and communicating the narrative and underlying historical
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and cultural meaning [73]. This process also facilitates the broader social, collective involvement in creation and
sharing, which further broadens the outreach and significance of the narratives.

Digital storytelling serves as a fundamental approach in the user experience design of site-specific AR—
the narratives could shape an immersive and cohesive experience within the site. Despite previous work has
demonstrated the effectiveness of integrating digital storytelling approaches in CH applications [64], challenges
still remain in the design and development of such systems. In contrast to the linear storytelling found in textual
formats like books, digital storytelling may introduce the risk of narrative fragmentation. This fragmentation can
interrupt and alter the narratives, potentially disrupting the user experience and impeding the learning process
[61]. Visitors’ visiting trajectories in CH sites also vary and may deviate from the suggested path. Consequently,
the narrative design in CH sites should provide visitors the freedom to explore the physical environment, while
satisfying the need for communicating the historical and cultural information about the artifacts and sites.

1.3 Play: Design of AR Exploration Games

Play involves the interaction, enjoyment, engagement, and challenge in the game. Specifically, it outlines how
the player interacts with the game and how the game responds to the player’s actions, decisions, and strategies.
Enjoyment and engagement are integral and prerequisite aspects of playful learning in shaping the overall
experience [77]. Cultural applications should go beyond the role as information presentation channels such as
books, documentaries, and guided tours, but to realize an experiential, interactive, and enjoyable experience
of CH [45]. Unlike other educational games, CH games focus on preserving, reproducing, and facilitating the
appreciation of cultural content [40]. While cultural learning is an implicit component of the game, it is crucial to
prioritize the “fun” in gameplay besides its content or value [81]. For instance, the CubeMuseum AR [78] provides
users with playful interactions through discovery activities, animations, and collection of museum artifacts. These
playful features were found to have contributed to the user engagement and CH learning. Such AR applications
could serve as an effective and enjoyable alternative to conventional CH learning methods. By incorporating
well-designed interfaces and interactions, AR technology offers an enriching experience that strengthens the
connection between visitors and cultural content.

The development of gameplay in location-based AR games is closely tied to the specific information related to
the site. Previous AR applications for CH sites have leveraged landmarks to acquaint players with locations and
incorporated puzzles and quizzes to engage them with the CH knowledge related to the surrounding environment
[6, 25, 39]. These practices are aligned with the situated cognition and social constructivism theory, promoting
learning through active participation and collaborative tasks. Additionally, treasure hunt and role-playing are
two fundamental elements that could shape the game experience [8, 16, 45]. However, the related game plots and
scripts should be carefully designed concerning with historical accuracy and narrative coherence. Furthermore, the
main challenge lies in balancing the complexity of clues to ensure they do not overwhelm visitors [7]. Therefore,
our emphasis is on the element of “play” to captivate and motivate users during their cultural visits, making the
experience both educational and engaging.

1.4  The Current Study

We posit that a location-based AR exploration game has the potential to significantly improve user experience
and learning during visits to CH sites. This research topic is of a common interest between the communities of
CH and Computer-Human Interaction (CHI). In this article, we address the following Research Questions

(RQs):
RQ1: What are the technical means to design games for cultural experiences within the CH and CHI communities?
RQ2: What are the design requirements for an AR exploration game at Shuangta?

RQ3: How to communicate historical knowledge about Shuangta in an AR exploration game?
RQ4: To what extent does the AR exploration game support the site visiting at Shuangta?
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To address these RQs, we first reviewed the recent literature to investigate the state-of-the-art application
of CH and then discussed the main technical means for design. Based on the user-centered design approach,
we identified the design requirements based on our findings obtained from expert interviews (n = 3) and an
online survey (n = 174). We also conducted onsite fieldwork and gathered information about visitors’ feelings.
These empirical studies allowed us to formulate design goals and implement the design, taking into account
both perspectives of cultural and game experience. Ten participants were invited to use the HeritageSite AR
application onsite and provided their feedback and suggestions about our design. Our study confirms that the
game content aligns with the design goals, and furthermore, the implementation enhances the user experience
via technical means. We also discuss the limitations and lessons learned that may bring insights into future design
and adoption of exploration games in CH sites.

The contributions of this article are threefold. First, we present HeritageSite AR, a prototype design of an
AR exploration game for a local heritage site. By interweaving game features with historical narratives, we
demonstrate the use of treasure hunt, role-playing, clue, collection, storytelling, and puzzle to facilitate the
personal engagement in CH sites, and the inclusion of photo-taking, storyboard, and social sharing to foster
social engagement. Our prototype was shown to contribute to a meaningful and playful user experience in the
heritage site. Second, our findings gathered from in-depth interviews and substantial survey data provide valuable
insights for CH institutions, enabling them to enhance the development of educational experiences and foster
public interest and engagement in CH. Third, the design process along with the technical means and design
requirements reported in the current work has methodological implications for future development of mobile AR
applications and games to support user engagement during CH site visits.

2 State-of-the-Art CH Applications

To answer RQ1: “What are the technical means to design games for cultural experiences within the CH and CHI
communities?” we reviewed papers published within the recent 5 years related to our research topic. Specifically,
we followed the review guideline [49] and conducted a review for our study, prioritizing the depth of analysis over
the breadth of review coverage. We selectively included papers from the ACM Journal on Computing and Cultural
Heritage (JOCCH) and the ACM Conference on Human Factors in Computing Systems (CHI). JOCCH is dedicated to
the intersection of computing and CH and demonstrates a significant relevance with our research context. CHI is
one of the core research communities working in this field and includes rich and timely discussions of the latest
technological advancements, trends, and challenges. Both venues present peer-reviewed works of high credibility
and quality and have a broad readership of researchers and practitioners. This resource-efficient approach reduces
the need for extensive searches across multiple databases and journals, thus allowing us to focus our efforts on
thoroughly analyzing a more concentrated set of literature. By limiting the review sources, we ensure a high
degree of relevance and specificity to the topic at hand and provide an in-depth analysis of the literature within
this specific research area. A total number of 18 key articles 7, 9, 11, 15, 20, 23, 24, 29, 34, 37, 41, 46, 53, 56, 66, 67, 80]
were synthesized in Figure 1. Here, we discuss the specific features used in the applications.

2.1 Storytelling, Avatar, and Map

Through storytelling and avatar guides, users establish emotional connection with the artifacts and environments
[7]. Elesini et al. [67] exemplify this through the creation of character-driven stories that were chosen among
various milestones in the history. The avatars had a unique graphic identity and acted as the first-person narrators
of the texts, written as a dialogue between the characters and the visitor. A similar avatar and story-based learning
approach was taken in several other CH applications [46, 80]. In this case, visitors were engaged in dialogues
with avatars when solving challenges. The interactive narratives not only facilitated historical learning but also
enhanced users’ emotional engagement with CH. Moreover, map is one of the most common elements adopted in
game design, playing an important role in visualizing the location-based information [46, 66]. In particular, it
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Fig. 1. We reviewed 18 key articles from 2019 to 2023 in ACM JOCCH and CHI and summarized the taxonomy of CH
applications from six dimensions. The boxes with different colors represent User 8, Mode [, Technique |, Device [,
Multimedia 8, and Feature

guides visitors in exploring multiple points of interest in CH sites [34, 37]. In the study by Shin and Woo [66],
the authors showed ways to map a linear narrative to the corresponding spatial trajectory. Maps help visitors
navigate the sites and reduce their memory load. Storytelling in conjunction with maps is particularly effective in
composing narratives of AR stories for CH sites [34].

2.2 Clue, Hunt, Collection, and Reward

Onsite CH exploration games are often designed with gamification mechanics such as clue, hunt, and collection
to engage visitors in exploring the surroundings [7, 56]. Specifically, when designing a location-based game
to support cultural visits, treasure hunt transforms the site into an inquisitive space and encourages visitors
to freely explore the site. For example, Jones et al. [34] identified groups of enthusiastic and interested users
who appreciated the freedom of movement choice, acknowledging the intrinsic value in the linking of points of
interest in the city, CH, and history to encourage reflection. In addition, the integration of clues and collection
helps visitors to orient specific locations, allowing a close look into details [7]. For example, in the study by
Elesini et al. [67], the children were asked to examine the clues on the mobile phone and then search for the
answer in the museum exhibition. In this case, visitors actively explored the venues when collecting the related
items. During this process, a reward system with incentives could engage visitor in continued exploration and
reflections during interactions [15, 34, 37, 67]. Embedding these gamification elements help enrich the cultural
experience by motivating visitors in the exploration, play and learning process.

2.3 Creation and Sharing

Additionally, some CH applications have involved visitors in activities such as creation and sharing [46, 66]. For
example, Echavarria et al. [15] involved children in the participatory narrative development by creating physical
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1) Inscription Gallery and the
Suzhou Ancient Stone
Carving Art Museum

4) Relics of the Main Hall

of Arhat Monastery

Fig. 2. A drone aerial view showing the spatial layout of the four main spots in the historical site of Shuangta: (1) Inscription
Gallery and the Suzhou Ancient Stone Carving Art Museum, (2) Carved Brick Gate, (3) Twin Pagodas, and (4) Relics of the
Main Hall of Arhart Monastery.

models using cardboard. These models were then digitized and visualized in an AR map. In the work by Jones
et al. [34], visitors were encouraged to share their reflections and interpretations of the city’s history, contributing
to a shared collective memory. The creation and sharing of user-generated content are valuable to achieve user
stickiness and foster a sense of community. Overall, these strategies contribute to user engagement and social
interactions in CH experience.

2.4 Implications for the Shuangta Game Design

User: Primarily Single. Our review results indicated that user experiences are both personal and social, hence
requiring a balance between independent exploration and social interactions for effective learning. While multiuser
games tend to enforce the involvement of a group of users, single-player games have a wider range of usage
scenarios. As a starting point, we aim to design a single-player game with social features that engage users in the
exploration of the Shuangta site. Yet, users can still use the application together with their friends and families
even if the game does not engage them in collaborative activities.

Mode: Onsite (Indoor and Outdoor). Our stakeholders from the organization running the site hoped the local
community could be attracted to the site visits. They explained that an onsite experience better allows visitors to
relate with the ancient ruins and understand the stories described in the inscriptions. Thus, our work adopts an
onsite mode with both indoor and outdoor environments (see Figure 2).

Device and Technique: Mobile AR. Aside from the need of being onsite, stakeholders also required the game to
be used without the need of additional devices and operational support. Smartphone was found to be the most
adopted device in our review. Considering the technology readiness and acceptance of the Shuangta community,
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we let visitors use their own devices when developing cultural content, as their portability is suitable for onsite
CH visits. It circumvents logistics and operational costs in procuring or leasing equipment, allocating storage
space, and ensuring the recharging of equipment [31]. We excluded VR from our design as it requires the use
of head-mounted displays, which can be intrusive onsite. On the other hand, previous works indicated that AR
systems are suitable for outdoor use [4], which meet the context of use at Shuangta.

Multimedia and Feature. Previous works showed the use of various types of multimedia presentation and
gamified features in CH applications. However, it is not sensible to adopt all media forms and game features in
the game design. These should be further determined with more careful considerations of user requirements for
CH visits at Shuangta.

3 Requirement Gathering

From the previous study, we identified the technical means to support CH visits and learning. To further explore the
design requirement and understand RQ2: “What are design requirements for an AR exploration game at Shuangta?”
we held semi-structured interviews and an online survey to gather insights. It helps us better determine the
design goals for the AR exploration game. This study is approved by the University Ethics Committee of Xi’an
Jiatong-Liverpool University.

3.1 Expert Interview

To understand the feasibility of applying digital technology and gamification and the gap of background knowledge
about the site between experts and the public, we invited three experts, one female and two males (age M =
30.67,SD = 11.55), and conducted in-depth interviews. They have professional insights in the domain of historical
architecture (E1), heritage conservation in Suzhou (E2), and museum studies (E3). We conducted one-to-one online
interviews in their native language and each interview lasted approximately 1 hour. Experts were asked to discuss
broadly on the following aspects with specific examples of Shuangta: (1) the meaning of cultural popularization,
(2) factors to consider in CH experiences, and (3) the use of digital technology in CH learning.

We summarize three main takeaway messages from the expert interviews. First, all experts agreed on the
importance and necessity of cultural popularization activities for the public. Experts pointed out that through
their daily observations, visitors are particularly interested in the stories behind CH. For example, “why were
Shuangta built here? What happened during the building process?” (E3). They also identified that the story of
Shuangta is not clearly presented at the site. For example, the ancient inscriptions on the stone statues could
barely be understood by visitors. In addition, some instructions are needed to avoid confusion among visitors.
For example, E2 identified that the stone statues inside the wing room are not related to the Shuangta history,
but are often misunderstood by visitors. Second, factors such as route setting and visual presentations should be
considered in the design of CH guides. For example, E1 pointed out that “setting a route for visitors to follow is
important. It helps create a coherent and immersive experience.” Third, the multimedia and multisensory features
are the key benefits of digital technologies pointed out by experts. E3 raised that “with VR, AR, and other digital
guides, users can have rich sensory experiences and better understand the history of the site” These lessons learned
from the expert interviews provided inspiration for the design of our subsequent survey.

3.2 Online Survey

We conducted an online survey targeting the general public to better understand people’s familiarity with CH,
the awareness of advanced technology, and the need for AR exploration games to support CH learning. The
questionnaire structure was constructed based on the findings from expert interviews. Details are presented in
Appendix A.

Survey Structure. Aside from the six demographic questions (Q1-Q6), the main part of the survey consists of
three sections: (1) advanced technology experience (Q7-Q10), (2) culture heritage experience (Q11-Q14), and (3)
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Fig. 3. Survey results of (a) demographics, (b) advanced technology experience, (c) culture heritage experience, and (d) culture
heritage learning.

culture heritage learning (Q15-Q18). Question formats include five-point Likert scales using standard response
anchors [71] (Q7-Q11, Q13-Q15) and multiple-choice questions (Q12, Q16-Q18).

Data Collection and Analysis. The survey starts with an introduction of the research aims and the collection
of informed consent. Participants took an average of 2 minutes to complete the survey. The online survey was
created using Sojump and shared on various social media platforms for 3 days. Data were analyzed using IBM
SPSS Statistics. Figure 3 shows the analysis results of the survey.

Demographics. In total, we received 174 valid responses (94 females and 80 males), aged between 13 and 59
(M = 30.77,SD = 9.88). The two primary occupations of the respondents were students (62.64%) and clerical
support workers (16.67%) (shown in Figure 3(a), Q3). We also received responses from professionals (11.49%),
business people (1.72%), and freelancers (4.02%). The majority of respondents (78.16%) had lived in or visited
Suzhou, China, where Shuangta is located (Q4). However, most respondents (78.74%) had not visited the Shuangta
(Q5), and 60.92% of respondents were not familiar with it at all (Q6).

Results. From the results, we can see that overall respondents are somewhat familiar with AR (M = 2.91,
SD = 1.07) (shown in Figure 3(b), Q7) and exploration game (M = 2.79, SD = 1.17) (Q8). The results of Q9 showed
that more than half (52.3%) of the respondents are willing to experience new technologies. Furthermore, 53.45%
of respondents are willing to spend time on learning activities through new technologies (Q10). As for the CH
experience, almost all (97.13%) respondents have had CH visiting experiences (shown in Figure 3(c), Q11). We also
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asked some multiple-choice questions to elicit specific requirements. In terms of the activities they are willing to
do while visiting CH sites (Q12), 70.69% of respondents would take photos, and half (50.57%) of them were willing
to share experiences with friends and family. In response to the willingness to visit CH onsite (Q13), almost half
(47.3%) of the respondents reported that they were willing to do so. Compared to the traditional way of visiting,
near half of them (44.83%) reported that they were willing to use AR exploration games for CH activities (Q14).
Moreover, more than half (52.3%) of respondents indicated that they were willing to invest time in learning CH
(M = 4.14,SD = 0.75) (shown in Figure 3(d), Q15). The majority of respondents were willing to learn about history
(86.78%), the restoration of the artifacts (70.69%), and architectural structures (64.37%) during their CH visit (Q16).
As for the ways of learning about CH (Q17), watching promotional videos containing history and culture was
the most popular choice (74.14%), followed by experiencing the interactive game with cultural characteristics
(69.97%). For CH AR exploration games specifically, Q18 showed that immersive storytelling is the most popular
content (81.61%).

Findings. The survey results indicate that (1) people generally have some knowledge about AR technology and
exploration games, and most people are willing to use new technologies for learning; (2) people have intense
interest in CH visits with rich content of social activities and entertainment experiences; (3) learning is an intrinsic
activity for CH visits, and there is strong potential for the use of AR in CH learning; and (4) our design ideas have
been confirmed with users and we see the priority of game features to be implemented from the percentages of
the user agreement.

3.3 Fieldwork and Construction of the User Journey Map

To effectively illustrate the findings and requirements gathered from expert interviews and the online survey, we
constructed a user journey map. In addition, we conducted fieldwork studies within the site and interviewed
visitors to collect information about their feelings to understand the pain points. A user journey map is a visual
representation of the different steps and touchpoints that a customer goes through while interacting with a product
or service. We use it as a tool to understand the visitors’ tour experience and identify areas for improvement.
Based on the expert interviews and online survey results, we represent visitors’ actions and feelings during the
visit at Shuangta with visual elements to improve the CH experience to meet the needs and expectations of
the visitors.

As shown in Figure 4, we divided the whole process into three stages, namely, before, during, and after visits.
During the interviews, experts described their observations of visitor behaviors at Shuangta. Based on their
narratives, we gathered information about the standard visiting route with four main spots and summarized
the corresponding actions of each stage. The descriptions of feelings were reported by visitors we interviewed
at the site during the fieldwork. The feelings are classified in three levels according to the emotional states of
positive, neutral, and negative. The negative feelings are on the low points of the emotion line chart, which can
be summarized into disappointing issues, also called pain points (P). Combining the survey results and the pain
points, we summarized the opportunities (O) for improving the CH experience.

3.4 ldentifying the Design Goals

The user journey map reflects the sequential visiting trajectory and user activities, showing practical implications
(summarized in opportunities) for the design of the Shuangta game. To add an additional lens of seeding and
growing user engagement with the site, we incorporated the design framework by Vermeeren and Calvi [72],
which describes an increasing level of museum engagement in the four stages of museum experiences: trigger,
engage, consolidate, and relate. Specifically, four design goals are drawn based on the pain points and opportunities.

DG1 Trigger. Provide an informative guide to support knowledge acquisition. First, we hope to express the
information precisely about Shuangta. Based on P1, we are committed to avoiding the misunderstandings caused
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Fig. 4. User journey map of visitors’ experience in Shuangta. Actions are summarized from expert interviews; feelings are
reported by visitors of Shuangta during the fieldwork; pain points (P) and opportunities (O) are summary results of expert
interviews, online survey, and fieldwork data.

by the lack of the information provided. We will help visitors access the content of the Shuangta’s inscriptions by
providing the modern Chinese translations in context using emerging technologies (O1).

DG2 Engage. Engage visitors in active onsite explorations. From P2, we see the urgent need in multimedia
guide to attract the users’ attention during visits. The research by Neale et al. [50] on virtual museum artifacts
indicates that users are more likely to engage in learning if greater interactivity is supported. Therefore, we intend
to integrate game features into onsite CH visits such as collection and clues [7] (O3).

DG3 Consolidate. Facilitate personal meaning-making and user memory. Visitors act in different roles with
different purposes in CH visits [18]. Supporting the personal context of learning and visitors’ meaning-making of
their visits will further increase their engagement within the site. We aim to construct the emotional link between
the visit and their daily life to capture the memory and relate with families and friends (P3 and O4).

DG4 Relate. Develop relevance through social interactions. CH experience is a trajectory that could be extended
after visiting [5]. Our online survey results showed that users expect to have social activities and entertainment
in CH visits. Thus, satisfying this preference to encourage social activities (e.g., photo-taking, social sharing)
becomes our final design goal (02).

4  The Design Process

We summarized the key phases that we underwent in the design process in Figure 5, aiming to answer RQ3: “How
to communicate historical knowledge about Shuangta in an AR exploration game?” At the beginning of the design,
we conducted fieldwork and gathered information about the Shuangta site to get familiar with the guide route
and the historical knowledge. These contents were double-checked by domain experts in several online meetings.
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Fig. 5. Our iterative design process, showing the tasks in each phase, the used tools, and the data informed the design phase.
Stages 1 and 2 involve the design of game content; stages 3 and 4 involve the development of the game application.

Based on that, we brainstormed the storytelling about the heritage site and the gameplay. The collection of site
information and the development of game content were interrelated, just as the two phases of game application
design, which encompassed the design of prototypes and the development and testing of the AR game. We also
had some iterations between phase 2 (game content development) and phase 3 (prototype design), although these
occurred less often.

4.1 Site Information Collection

As we described in Section 2.4, Shuangta site can be divided into four main spots: (1) Inscription Gallery and the
Suzhou Ancient Stone Carving Art Museum, (2) Carved Brick Gate, (3) Twin Pagodas, and (4) Relics of the Main
Hall of Arhart Monastery. Considering the spatial layout and the visiting trajectory suggested by experts, these
four spots were integrated into the game content development (see Figure 4) and guided the visitor to explore
various points of interest around the spots.

With the help from domain experts, we conducted historiographical research to identify the key knowledge
based on the existing site information and relevant literature about the spots. These formed the basis for con-
structing the narratives. We then contextualized the key knowledge and points of interest by weaving them into
dialogues conveyed by five historical figures related to these spots (as shown in Table 1). The figures were selected
as they were the key characters that are closely related to the history of Shuangta. Specifically, Miao Si, Sheng
Chu, and Wang Wenhan were mentioned in the stone inscriptions, and they were involved in the restoration
history of Shuangta. Cheng Congzhou and Liu Dunzhen were experts in gardens and architecture who have a
strong influence on the historical research of Shuangta. Images of these figures were collected via online searching
based on their names, identities, and times information, which were taken as references to character design in
the game.
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Table 1. Summary of Site Information Collection Results for Game Content Development
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4.2  Game Content Development

The purpose of the game is to engage visitors in four historical narratives of Shuangta through treasure hunt and
role-playing. Visitors experience a time travel to the past and discuss the site restoration history with Non-Player
Characters (NPCs), who are historical figures acting as the narrators and provide clues for visitors to complete
the tasks. Seven interactive learning tasks were embedded in the gameplay with figures and facilitated by AR. We
did not enforce a narrative sequence based on recommended route at Shuangta to provide visitors the freedom to
start anywhere and skip spots. Each of the four narratives stands on their own.

Games in CH sites allow visitors to engage with the site information and have social interactions centered on
experiential learning to form reflections and foster personal comprehension [1]. Task-based learning [74, 75]
is particularly suited to creating knowledge paths in context scenarios, which is frequently implemented as
mini-games to deliver tasks to enhance the overall game experience and meet the learning objectives. However, it
tends to overlook higher-order cognition [1]. We need to carefully align the learning content with the gameplay
and design goals. To do this, we conducted a series of three workshops within our research group throughout the
development process. In the first workshop (60 minutes), we brainstormed ideas and mapped the site information
with possible game design for the location-based mobile AR experience at Shuangta. In the second workshop
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Fig. 6. The prototype design of HeritageSite AR, with legends explaining the corresponding interfaces (i.e., main page,
gameplay with figures, gameplay with AR, achievements, bag, and stories) and specific game elements (i.e., chat box, chat
list, clue menu, points of interest, tasks, figures, gallery, and storyboard). The lines indicate the logic between the interfaces.

(90 minutes), we focused on evaluating and determining specific game mechanics to support users’ learning
and recreation. The third workshop (90 minutes) was dedicated to crafting the complete storyline, including
the creation of text scripts for the narrative dialogues. This workshop series allowed us to brainstorm ideas for
game design, assess potential game mechanics, and finalize the narrative elements, contributing to the overall
development of the game content. We shared our research findings on a shared document using Feishu,! a
collaborative work platform. Throughout the design process, we constantly reviewed our ideas to ensure that
they were aligned with the design goals and were centered around the key knowledge and points of interest
identified in the previous stages of our research, including the expert interview, online survey, and fieldwork.
The results were organized into a mind map of narratives with dialogues, which directly informed the prototype
design (see Figure 6).

Location-based games often adopt techniques such as storytelling to allow players to explore the plots and
piece the snippets together [26]. Similarly, to align with the DG2 and engage visitors in onsite explorations,
HeritageSite AR presents the narratives as a puzzle to be explored and solved, where the visitor’ choices or actions
will trigger subsequent game dialogues. As a result of our game content development, we included a combination
of treasure hunt and role-playing in the design of HeritageSite AR. We used treasure hunts as the primary
game mechanic to sustain visitor engagement in collecting clues, completing tasks, and unlocking the narratives
and NPCs of historical figures. The storytelling content is unfolded in conversation with NPCs. Additionally,
photo-taking and storyboard are also integrated as the main game features as meaningful records. This approach
was instrumental in preserving visitors’ engagement throughout the overall Shuangta visits. Here we provide
some example dialogues and game activities within the four historical narratives shown on the main page:

—Inscription Gallery and the Suzhou Ancient Stone Carving Art Museum: scan to trigger AR texts in simplified
Chinese; chat with Miao Si and find the statue of interest (Key NPC: Miao Si)
—Carved Brick Gate: scan to see the 3D structure and trigger the calligraphy task (Key NPC: Chen Congzhou)

Thttps://www.feishu.cn/
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—Twin Pagodas: scan to see the 3D structure and provide the idea of Twin Pagodas construction to Wang
Wenhan (Key NPC: Wang Wenhan)

—Relics of the Main Hall of Arhart Monastery: discuss the pillar shapes and patterns with Liu Dunzhen and
Sheng Chu (Key NPCs: Liu Dunzhen and Sheng Chu)

The setup of NPC-triggered narratives guide visitors to explore the points of interest within the site and
encourage them to complete tasks in the game based on the key knowledge spanning different historical dynasties
(DG1). Visitors were constantly encouraged to engage in onsite explorations of new clues, captured through an
AR camera (DG2). The clues are information overlaid onto the real-world surroundings, such as the vernacular
translations of ancient texts. Accordingly, narratives were triggered and conveyed through dialogues with
historical figures. Through these narratives, visitors could unlock new tasks, encouraging them to further explore
the site and start dialogues with new NPCs. The implementation of AR allows visitors to better interact with the
surrounding environment with the help of visual aids and augmented interactions, establishing an emotional
connection with the site and historical figures and contributed to personal meaning-making (DG3). Specifically,
users used AR via the mobile phone camera to gain text clues, observe 3D structure of architectures, and take
photos with the augmented content. The overlapped information offers an immersive experience and engaged
users with active interaction with the historical knowledge. A spot on the main page is marked as unlocked with
an achievement stamp once all task activities in this area are completed. To sum up, seven learning tasks were
presented (see Table 2) through various means such as text decryption, AR camera scanning, interactive gameplay
(e.g., calligraphy reproduction), and social sharing functions to keep user motivation in play (DG4).

4.3 Prototype Development, AR Game Development, and Testing

Prior to the development of the AR game application, we conducted several field surveys at Shuangta to collect
data for 3D reconstruction. The Twin Pagodas and the Carved Brick Gate were scanned and reconstructed in
RealityCapture? using images captured from drones and cameras. The model was edited using Rhino, with
annotation of dimensions added to enrich the AR information display (see Figure 7).

For the AR game development, we used Unity (version 2020 3.33f1c2) and the Vuforia® Software Development
Kit from Qualcomm (version 9.8.31). Vuforia offers support for a range of features, including 2D and 3D image
target recognition, as well as markerless and multi-target tracking. It is compatible with native development
for both i0S and Android platforms and seamlessly integrates with the Unity game engine for AR application
development. Several key factors were considered in the AR game development and testing, including the available
resources, hardware requirements, and the usability of the implemented game design. For example, we made
some efforts to simplify the 3D models so that they could be used in low-end mobile devices without causing
noticeable delays. We also assessed the size and quality of the image targets used for AR, ensuring that they were
under 2 MB in size and achieved a minimum recognition rating of three stars (out of a total of five). To test the
quality of image targets in use, we connected to a Redmi Note 11T Pro+ smartphone using the USB debugging
tool (see Figure 8). During testing, we addressed some issues caused by the overlapping positions of the models
on the mobile interface and issues related to lighting and rendering effects.

5 HeritageSite AR

We followed the design goals to implement the application and conducted the evaluation with three domain
experts and seven volunteers, ensuring the content was properly and accurately presented. The design was
analyzed and verified from the perspectives of CH experience and game experience during the implementation

Zhttps://www.capturingreality.com/
3https://developer.vuforia.com/
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Table 2. The Learning Tasks, Gameplay, and Game Elements in the Four Main Spots of HeritageSite AR

Spots Points of Learning Gameplay with Gameplay with Game
Interest Task Figures AR Features
Inscription Inscription (1) Read Unlock the figures  Scan to see expla- Clue, text
Gallery text inscriptions mentioned in text nation, gain text decryption
clues and start dia- clues and puzzle
logues with them. pieces.
Suzhou An- A statue (2) Identify the Ask Miao Siabout Merge puzzle Clue, hunt,
cient Stone statue related puzzle pieces and pieces to unlock puzzle
Carving Art to the Main getto know Shen the statue to
Museum Hall Chu. view.
Carved Brick Inscription of (3) Explore the Find inscrip- Scan to see its Hunt, text
Gate the gate carved brick tion contents 3D structure and decryption,
gate related to Chen trigger the callig- social sharing
Congzhou. raphy task.
Twin Pagodas The planning (4) Explore the Provide the idea Scantoseeits3D Hunt
of Twin Pago- Twin Pagodas of Twin Pagodas structure.
das construction  to
Wang Wenghan.
Relics of the Pillar shape (5) Identify the Investigate and Use site plan Site plan (map),
Main  Hall pillar shapes  discuss the pillar to find pillar photo-taking,
of Arhart shapes with Liu shapes. hunt
Monastery Dunzhen.
Pillar pattern  (6) Identify the Investigate and Use site plan to Site plan (map),

The planning
of Main Hall

pillar patterns

(7) Explore the
Main Hall

discuss the pillar
pattern with Liu
Dunzhen.

Discuss the Main
Hall construction

with Sheng Chu.

find pillar pat-
terns.

Scan to see its 3D
structure.

photo-taking,
hunt

Hunt, quiz

and evaluation, respectively. It provides strong empirical evidence to address the RQ4: “To what extent does the

AR exploration game support the site visiting at Shuangta?”

5.1

HeritageSite AR is a location-based exploration game for CH visit and learning. Visitors can follow the dialogues
with five historical figures who are represented as NPCs, to explore the map and historical events about Shuangta.
Visitor can start or continue the dialogues based on the collected clues they found (see Figure 9(a)). Through the
dialogues, visitor will be guided to the corresponding places for exploration. Visitor can trigger the augmented
images and text information to interact with the relics (DG1I), unlocking new clues or items for further exploration
DG2 (see Figure 9(b)). The collection of items throughout the visits provides a sustainable experience (see
Figure 9(c)) with social activities, such as photo-taking and sharing (see Figure 9(d)). These design elements

Implementation

contribute to DG3 and DG4. We explain how we integrate the game elements into the four stages of CH visits.

Trigger Stage: Storytelling, Avatar, and Map for Guide. In trigger stage, we show basic information about the visit
to manage their expectations and motivate them in the following activities. An informative guide is designed to
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Fig. 9. Example screenshots of HeritageSite AR interfaces: (a) dialog box; (b) AR scene; (c) inventory; and (d) gallery.

support knowledge acquisition, using storytelling with NPCs to present the historical event about Shuangta (DGI).
It guides the visitors through the game, giving them clues and encouraging them to think about some Shuangta
related questions using dialogues. A map is provided to show an overview of the exploration (see Figure 9(b)).

Engage Stage: Clue, Hunt, and Collection for Exploration. In engage stage, we provide diverse interactive support
to stimulate curiosity for further exploration. For example, users can find contextual clues through tasks and
dialogues, which are associated with the site and objects (DG2). This engages them to move around in the
environment. We also set an inventory for visitors to store the items and puzzle pieces they collected throughout
the game (see Figure 9(c)). Visitors would acquire items related to the Shuangta legend to see the complete plot.
Hunt emphasizes the value of items and is accompanied by extrinsic rewards and achievements that motivate the
visitors. The puzzle pieces can be gathered with augmented information triggered from the task about inscriptions.
They can be merged to color the shadow to find the corresponding statue belonging to Shuangta.

Consolidate Stage: Gallery and Storyboard for Meaning-Making and Memory. In consolidate stage, visitors have
gained relevant knowledge and experience from visiting, which can be retained and recalled. We encourage them
to leave some memories of the visit. For example, a gallery is used to store the photos-taking during the visits
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(DG3). Via the AR camera, visitors not merely record the scenery shots but also the interaction moments with the
site (see Figure 9(d)). In addition, we also allow users to express their making of meanings in storyboard after the
visits to enhance relations between the visit and learning.

Relate Stage: Creation and Sharing for Social Interaction. In relate stage, we aim to establish emotional connections
and create a sense of belonging by encouraging them to be part of the CH community. We integrated creation
functions such as AR photo-taking and inscription writing that attach their personal values to CH visits (DG4).
The creations and personal values could motivate visitors to share, as well as social interactions with NPCs to
access more activities.

5.2 Evaluation

A formative evaluation study was conducted to understand the extent to which a CH application contributes to
users’ experience in CH learning and site visiting. We referred back to the three factors (reality, meaning, and
play) of the TGD to evaluate and reflect our design for the onsite visits at Shuangta. The three elements of TGD
have been addressed while defining the scenarios. The reality dimension addressed elements that are derived
from users’ real-life situations, such as the environment, weather, light, device used, co-visitors (e.g., friends and
families), realistic communication means, and other physical attributes. Specifically, it could be evaluated based
on three criteria: flexibility, fidelity, and validity [27]. The meaning dimension is defined as the value that users
perceive, such as the CH knowledge they gained, their interest and motivation to explore and learn, the perceived
necessity, and the ability to transfer the experience to other scenarios. In addition, we asked about their possible
actions and interactions to measure play, including those with the site, objects onsite such as the carved stone
pillars, and social interactions with other people. This factor is closely related to three closely interrelated criteria:
engagement, immersion, and fun. The evaluations were conducted through onsite interviews and we mainly
gathered qualitative feedback.

Our evaluation study involved seven volunteers (M = 23.57,SD = 1.81) and three domain experts (M =
30.67,SD = 11.55), a total of six females and four males (M = 25.70,SD = 6.60). All of them have visited Shuangta
before, and seven of them have some AR experience. They were invited to use the app deployed on a Samsung
S21 smartphone (see Figure 10). A semi-structured interview was conducted and analyzed using theme-based
content analysis. For experts, we further ask their attitudes about the HeritageSite AR from the perspective of its
potential values. The results showed that HeritageSite AR has a neutral performance in the reality dimension,
but users found it to have made the CH visits more meaningful and playful (see Figure 11). Here, we report our
qualitative findings from the interviews (see Table 3).

Reality. We identified three themes for this dimension. (1) Easy access (40.00%, n = 4). For example, P1 said
that “acquiring heritage information using a mobile phone is convenient because I don’t need a guide” (2) Weather
(20.00%, n = 2). P2 used it on a rainy day and said that, “T would expect a better experience if the weather was good.”
(3) Realistic means of communication (20.00%, n = 2). For example, P7 reported that “I did gain more knowledge
from this AR exploration compared to my own visit, and I would recommend it to family and friends.”

Meaning. All participants acknowledged the meaning of HeritageSite AR in terms of CH knowledge populariza-
tion. (1) Knowledge popularization (42.86%, n = 6). As P4 said, “this app enabled me to better read the inscriptions
that I once could not understand”” (2) Learning interest (14.29%, n = 2). P6 reported that “I think it makes visiting
interesting, so I purposely look up information to learn about it” (3) Route guidance (28.57%, n = 4). As P5 said, “the
map gave me a clear guided tour and overview of the visit” Nevertheless, some participants showed less care about
learning, or the use of additional tools during the visit.

Play. Participant evaluations on this dimension were positive. (1) Interaction (56.25%, n = 9). P3 expressed that,
“my favorite part is the 3D model of the Shuangta. I could observe the model in all directions and take picture with it.
It was interesting.” (2) Communication (31.25%, n = 5). For example, E2 commented that “I am immersed in talking
with NPCs, and I felt obligated to help them solve the problems” However, one participant pointed out the issue in
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Inscription Gallery and Suzhou
Ancient Stone Carving Art Museum

Fig. 10. A flowchart showing a volunteer testing the use of the HeritageSite AR prototype at Shuangta.

Baseline Neutral @ HeritageSite AR

0 2 4 6 8 10

Fig. 11. User preferences in reality, meaning, and play comparing the baseline (without HeritageSite AR) and using Heritage-
Site AR.

AR recognition, “I feel that AR is affected by the light and weather, the recognition sometimes takes more time than I
expected” (P2).

6 Discussion

Our work has addressed the four RQs that concern the design and evaluation of HeritageSite AR. First, to
understand the technical means to design games for cultural experiences within the CH and CHI communities
(RQ1I), we reviewed the recent literature about CH games. By examining the six dimensions of their design (user,
mode, technique, device, multimedia, and game feature), we found that using personal handheld AR devices could
effectively integrate game elements into the CH site visits, pointing out a trend of technical development in CH
sites. In response to RQ2 about design requirements, we worked closely with domain experts and surveyed the
public opinion, which identified four design goals for our game design for CH visits at Shuangta. We further
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Table 3. HeritageSite AR Perceived by Participants in the Dimensions of Reality, Meaning, and Play

Elements User Perception Participant ID
(+) Easy access (4) P1, P6, P7, E1
Reality (-) Weather (2) P2,E2
(+) Realistic means of communication (2) P1, P7
(+) Knowledge popularization (6) P1, P4, P6,E1,E2, E3
Meaning  (+) Learning interest (2) P2, P6
(+) Route guidance (4) P3, P6, E1, E3
(+) Interaction (9) P1, P2, P3, P4, P5,P7,E1, E2, E3
Play (+) Communication (5) P2, P3, P5, P6, E2
(-) AR recognition (1) P2

summarized these goals and aligned them with the Relevance by Play framework [72], showing that it is necessary
to support knowledge acquisition, onsite exploration, social interactions, and the formation of memorable
experiences. To meet these design goals and effectively communicate the historical knowledge about Shuangta
(RQ3), we present our four-phase iterative design process that encompasses two phases of game content design
and two phases of game application development. We show how various game elements (e.g., treasure hunt and
role-playing) can be integrated into the design to support the communication of key knowledge derived from
historiographical research and engage visitors in exploring the points of interest at the site. The development of
an AR application in this project shows how CH sites can offer an innovative and playful alternative to traditional
tour services.

Finally, we investigated the effect of AR exploration game on supporting CH learning and site visiting at
Shuangta (RQ4) by evaluating our prototype design onsite. The results identified its strength in supporting the
meaning and play component of the TGD framework [27], but exhibited limitations in supporting the reality
component. AR exploration games offer opportunities to enhance CH site visits and learning by making the
experience meaningful and playful. Nevertheless, our current study has some limitations, and we discuss these
limitations alongside opportunities, summarize our findings, and provide design implications and lessons learned
for gamified AR cultural applications.

6.1 Limitations and Future Work

We acknowledge some limitations of our research. First, our review sample included only two venues. While
conducting a comprehensive literature review is out of the scope of our current work, it could offer deeper and
broader insights into the technical means for CH game development. Second, CH experiences are both personal
and social [65]. Our current prototype design has placed limited concern on onsite social interactions to support
CH learning. Incorporating a combination of social play and team collaboration could potentially enhance the
overall visiting experience and improve learning efficiency. Third, our evaluation showed that users have a great
interest in experiencing CH restoration. However, creating visual representations of historical architectures
demands extensive domain knowledge and technical expertise. It requires long-term collaborative efforts from
researchers in historical architecture and the technology development team. Fourth, our evaluation was conducted
with some volunteers who are not representative of the general public and the results are formative. Previous work
suggested that the involvement of main target users and expert users and the collection of qualitative feedback in
the evaluation facilitate comprehensive understanding of the problem space [47]. Although we included these
group of people in our evaluation, the sample size and diversity of our evaluation study were limited. In our
future work, we plan to conduct in-the-wild summative studies involving actual visitors from diverse age groups
and different visitor profiles to obtain a deeper and more comprehensive understanding of the users and the
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effectiveness of the system. In addition, physiological measures have been adopted in recent studies to gauge user
engagement in museum experience [42]. It is a viable approach to use wearable devices and sensors in future
systematic evaluations to obtain objective measures of emotions and engagement.

Our evaluation feedback has indicated several potential directions for future work. For example, some users
suggested that the menu design could be simplified to improve the overall flow of the game. A managerial staff at
Shuangta also raised the concern that requiring visitors to install an application might deter them from using it at
the first place. They suggested that the game should be accessible through a QR code that users can scan and play
directly in their web browser. We also plan to develop game content related to the 3D visualization of the ancient
Relics of Arhat Monastery to facilitate better communication of the historical values. By the end of this project,
our goal is to have a functional version ready for visitors to access, enabling us to evaluate its use at Shuangta
and verify its impact on the learning and site visiting experiences of the broader public.

6.2 Design Implications

In this study, we adopted a user-centered design method to identify core factors for CH visit and learning. The
design requirements of HeritageSite AR were gathered from stakeholders through expert interviews and an
online survey. We further designed alternatives with prototypes and evaluated the designs to create narratives
that fulfill the requirements and functionalities for CH learning and visits. The iterative design process consists
of interconnected phases that influence the development of the game content and application. The evaluation
showed that HeritageSite AR is a suitable game for CH learning, providing improved experiences in the three
dimensions (reality, meaning, and play) of the TGD framework [27].

Generally, the evaluation has confirmed the positive effect of gamified design on informal learning. For example,
P2 said, “it (the game) serves as a catalyst for knowledge gains. I don’t need to manually search for information and
it just made the learning experience engaging and effortless” Participants also spoke highly on the application of
gameplay and narratives within CH sites. One participant expressed their sentiment by stating, “the conversations
in the chat box made me feel like I was talking to the historical figures, and these events were actually taking
place” (P1). On the other hand, many participants also expressed their expectation to see the application support
collaborative learning, which reflects the social nature of CH visits [19]. Participants reported several factors
that influenced their experience. In most cases, participants acknowledged that AR interactions enhance their
perception of both reality and virtual content. However, adverse weather conditions had a negative impact on
their experience because they led to a reduced recognition rate.

Our findings from TGD evaluation of HeritageSite AR align with the previous informal learning research
[17, 32]. Learning motivation, engagement, and performance were identified as key factors for game-based
learning [32], and our design took these factors into account to balance reality, meaning, and play. We found
that the playfulness was highly perceptive as long as some game elements were properly used in the game
design, yet some technical glitches (e.g., inaccurate recognition) could impose a negative effect. Concerning
meaning, we found that understanding user requirements for CH visits and eliciting the design goals contribute
to a meaningful experience. Participants appreciated the richness of knowledge and were interested in the
location-based guide information. The reality component could perhaps be improved if the ancient architecture
could be digitally restored and visualized in high fidelity, as mentioned by several participants. This could establish
a strong connection between the digital representations and the sites in reality.

Moreover, participants agreed that we conveyed cultural values as far more diverse than imagined. Our work
affirms the significance of local heritage sites to the sustainable development of CH and lifelong learning for the
public. E2 indicated that “the inscriptions involve research on ancient urban planning and contribute to modern city
construction.” Many participants pointed out the benefits of digitization, such as our AR inscription translation,
for CH preservation to keep the retention of national cultural memory. In addition, some experts commented that
CH popularization will enable the public to understand cultural connotations. As E3 mentioned, “it will help the
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public to better understand the community and make meanings of our lives.” Participants enjoyed the preservation
of local CH in gameplay and showed intention to join voluntary work in the local community. Our design could
bring ticket revenue to the site and can be adapted in cultural and creative product design. As public interest and
participation in CH increases, job opportunities and cultural consumption will emerge and prosper. Consequently,
it will contribute to sustainable local tourism and economic growth.

6.3 Lessons Learned

Based on our study, we summarize some lessons learned for the design of AR exploration game in CH context by
reflecting on the design goals.

Content Is King. Most of the gamified CH applications (e.g., [7, 14, 20]) focused on gameplay in the design
process to ensure user engagement. Few work prioritized the development of game content, which is key of CH
promotions. The rigor of historical, cultural, and ancient architectural knowledge should always be prioritized in
designing applications for CH. We encourage the involvement of domain experts by all means as the content
forms the basis for DG1 (knowledge acquisition), the subsequent design of narratives and gameplay, and the use
of technical means. Furthermore, we learned from our expert interviews that it is necessary to provide sufficient
explanations to address any misconceptions visitors may have about CH. This will help them develop a more
accurate and comprehensive understanding of the subject matter.

Immerse Visitors, Not Just Visually, but Mentally. In CH learning, a high level of immersion can lead to improved
learning outcomes [70]. Explorations at historical sites inherently offer the advantage of immersing visitors in
ancient historical environments with authentic visual effects. However, previous research identified that visitors
may not have strong interests in CH activities and there is a lack of mechanics to encourage and reward them [44].
Our observations showed that using NPCs as narrators could be a potential solution to address this issue—visitors
were motivated to unlock new narratives by completing learning tasks. By immersing visitors in the perspectives
of the characters portrayed in the story, similar to time travel experiences [60, 80], they can delve themselves into
the storytelling through dialogues with historical figures and the gameplay. This approach contributes greatly to
DG?2 (active onsite explorations), allowing visitors to derive psychological involvement and a sense of achievement
by successfully completing the tasks.

Extend the Visits and Connect with the Local Community. Through our design, we recognize the opportunity
to integrate CH into the daily lives of local residents and foster their emotional connection with Shuangta, the
urban neighborhood renowned for its rich history and culture in Suzhou. Future design should strive to fulfill
DG3 (extend the visits) and strengthen the bond between community residents, exploring how technological
capabilities, such as AR’s capacity to transcend time [35] and space [48], can contribute to the development of
personal [43] and collective memory [2] within the community.

Design for Co-Visits. Our current prototype design incorporates features (e.g., social media sharing) that facilitate
social interactions between visitors and their online connections, scaling the CH visits to a wider audience (DG4).
However, it has limited support for group visits to a site, even though they are more common than individual
visits. Recent research has also explored to extend personalized experiences with co-visitors [22, 76]. We posit
that designing to engage visitors in co-visits with friends or even other visitors, fostering social encounters in the
same time or space, could create novel visiting experiences.

7 Conclusion

In this article, we present our prototype design on HeritageSite AR, an exploration game to support CH visiting
and learning at Shuangta, an important yet unvisited heritage site in Suzhou, China. We reviewed the state-of-
the-art applications for CH visits to extract the main technical means for our design. Based on requirements
gathered from in-depth expert interviews and online surveys, we summarized the findings by creating a user
journey map and further identified the design goals in four stages (i.e., trigger, engage, consolidate, and relate). We
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developed the game content based on the site information about Shuangta and iteratively built our prototype
design. The AR game was evaluated with respect to three game design components (i.e., reality, meaning, and
play). The results demonstrate that our prototype design has effectively incorporated elements of playfulness and
meaningful engagement into the site visits at Shuangta. However, participants also highlight specific areas where
improvements can be made in future iterations. Our design provides insights for researchers and CH institutions
in exploration game design to support onsite CH visits and learning. We plan to improve the current design based
on the lessons learned and evaluate its effectiveness of use with the public.
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Appendix A

Survey Questions

I. Demographics
1. What is your age?

2. What is your gender?
o Female

o Male

o Prefer not to say

3. What is your occupation?
o Student

o Clerical Support Worker

o Professional

o Business people

o Freelancer

o Other

4. Have you lived in or visited Suzhou, Jiangsu province?
o Yes
o No

5. Have you been to the Shuangta site?
o Yes
o No

6. Please evaluate your knowledge about Shuangta site.
o Not at all knowledgeable

o Slightly knowledgeable

o Somewhat knowledgeable

o Moderately knowledgeable

o Extremely knowledgeable

II. Advanced Technology Experience

7. Please evaluate your experience with AR applications (e.g., Alipay AR scan, Pokemon Go, AR digital artifacts,
AR virtual try-on, AR makeup).

o Not at all familiar

o Slightly familiar

o Somewhat familiar

o Moderately familiar

o Extremely familiar

8. Please evaluate your experience with exploration game.
o Not at all familiar

o Slightly familiar

o Somewhat familiar

o Moderately familiar

o Extremely familiar
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9. How willing are you to experience new technologies?
o Very unwilling

o Unwilling

o Neutral

o Willing

o Very willing

10. How willing are you to invest time in learning via new technologies?
o Very unwilling

o Unwilling

o Neutral

o Willing

o Very willing

III. Culture Heritage Experience

11. Please evaluate your frequency of cultural heritage visits (e.g., museums, cultural exhibits, ancient calligraphy
exhibitions, historic sites, historic buildings, ancient towns, and historical art exhibitions).

o Never

o Once a year or less than once a year

o Once a half year

o A couple of times a year

o Once a month or more than once a month

12. Which of the following are you willing to do while visiting cultural heritage? [Multiple-choice]
0 Communicate and interact with others

O Acquire knowledge

O Collect items (e.g., cards, tickets)

0 Photo-taking

O Share experiences with friends and family

O Other

13. How willing are you to visit the cultural heritage onsite?
o Very unwilling

o Unwilling

o Neutral

o Willing

o Very willing

14. Compared with the traditional way of visiting cultural heritage (audio guide or tour guide service), how
willing are you to choose AR exploration game?

o Very unwilling

o Unwilling

o Neutral

o Willing

o Very willing
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IV. Culture Heritage Learning

15. How willing are you to learn while visiting the cultural heritage?
o Very unwilling

o Unwilling

o Neutral

o Willing

o Very willing

16. Which of the following are you willing to know about while visiting cultural heritage? [Multiple-choice]
O Basic information

O Architectural structure

O The restoration of the artifacts

O Legend stories

O History

O Other

17. Which ways do you prefer to learn about cultural heritage? [Multiple-choice]
O Read relative text materials and pictures

0O Watch promotional videos containing history and culture

O Purchase cultural and creative products

0O Experience narratives based on historical and cultural scripts

O Experience the interactive game with the cultural characteristics

O Other

18. Which content would you like the cultural heritage AR exploration game to have? [Multiple-choice]
O Interactive tasks

O Detailed knowledge exploration

O Immersive storytelling

O Logical thinking

O Game reward mechanics

O Other
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