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Abstract: Integrating cultural heritage education into digital platforms is crucial for advanc-
ing the knowledge-based economy, as it introduces innovative methods for information
dissemination and economic growth stimulation. This study investigates the synergy
between advanced digital technologies and cultural heritage principles, focusing on de-
veloping an interactive platform for the Xiannong Altar in China. Utilizing the Applied
Games Engagement Model (AGEM), the project created an interactive instructional pro-
gram on traditional agricultural culture, transforming static cultural resources into dynamic
knowledge. We conducted a between-subjects user study involving 100 participants. The
findings demonstrate that the platform significantly enhanced participants’ understanding
of cultural heritage and farming practices, positively influencing their perceptions. This
study underscores the potential of digital technology to foster sustainable behaviors and
effectively convey information, establishing it as a powerful educational tool for trans-
formative learning. By illustrating how digitizing cultural material can drive innovation
and create commercial value, this research contributes valuable insights for governments,
cultural organizations, and entrepreneurs to leverage digital advancements to improve ac-
cessibility, engagement, and economic opportunities in the cultural and creative industries.
Furthermore, it highlights the role of digital transformation in cultural heritage education
as a catalyst for innovation and value generation within the knowledge-based economy.

Keywords: digital transformation; cultural heritage education; interactive technologies;
serious games; economic value

1. Introduction
Recently, there has been a notable change in the field of education as digital games,

game-like applications, and Serious Games (SGs) are increasingly used to address the
changing teaching needs in many subjects, such as culture and technology [1,2]. SGs have
shown significant advantages in creating realistic and non-realistic learning environments
and increasing learner engagement, especially in cultural heritage education. The distinc-
tive attributes of SGs enable immersive experiences that let learners interact with historical
artifacts, explore ancient sites, and engage with cultural customs in ways that traditional
educational techniques cannot reproduce [3,4]. Since the beginning of the 21st century,
cultural heritage has become an important field of study for Serious Games (SGs). Cultural
heritage refers to the historical, artistic, and scientific assets generated, kept, and handed
down through generations [5,6]. The primary benefit of SGs is their ability to convey
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meaning through feedback-driven narratives, gameplay mechanisms, information sharing,
decision-making consequences, and immersive content, thereby effectively involving the
audience [7]. Incorporating Serious Games (SGs) into cultural heritage education has
demonstrated significant flexibility and efficacy, offering a distinct platform for preserving,
presenting, and instructing cultural heritage [8,9].

The Xiannong Altar in Beijing, China, is a cultural heritage monument that offers a
promising possibility for implementing Serious Games (SGs). This place is of great his-
torical and cultural importance, as emperors used it during the Ming and Qing dynasties
for agricultural ceremonies [10]. The main objective of these rites was to offer prayers for
abundant harvests, emphasizing the altar’s significance as a religious and historical monu-
ment and as a crucial reservoir of ancient Chinese agricultural culture and history [11,12].
The architectural design and arrangement of the Xiannong Altar embody the ancient Chi-
nese architectural style and cosmology, symbolizing the significance of agriculture and
reverence for the cosmic order and the natural world. Nevertheless, after the Republican
era, the Xiannong Altar experienced a progressive decrease in importance or influence [13].
Various entities, such as institutions, schools, sports grounds, residential areas, and un-
lawful buildings, have encroached upon the altar’s interior and outside sections. Modern
constructions have caused damage to certain areas, posing a threat to the integrity and
historical significance of the monument [14]. At present, there have been some studies
on the Xian Nong Tan. For instance, Liu Yuxing has summarized the history of the Qing
emperors’ ceremonial plowing at the Xian Nong Tan based on imperial archives from the
Qing Dynasty [15]. Huang Xiaoxiang and others have conducted a systematic study on the
reasons for the “imperial disaster sacrifice rituals” at the Xian Nong Tan during the Ming
and Qing periods, the changes in the sacrificial ceremonies, and the cultural significance
they embodied [15]. Zhang Lingling and others have comprehensively studied the century-
long historical transformation and functional changes of the Xian Nong Tan. However,
existing research primarily focuses on the historical and cultural aspects of the Xian Nong
Tan itself, with a gap in studies related to its preservation and public education [16]. In light
of this situation, it is imperative to investigate novel methods to safeguard and enlighten
the general public about the cultural legacy represented by the Xiannong Altar. Utilizing
SGs provides an excellent opportunity to tackle this dilemma by rejuvenating the historical
site, enlightening the public about agricultural expertise, and enhancing awareness of food
conservation [17].

This study aims to explore the capacity of Serious Games (SGs) to safeguard and
advance the cultural legacy of the Xiannong Altar. The study aims to investigate the design
and implementation of Serious Games (SGs) to produce captivating and interactive learning
experiences that effectively convey the historical and cultural importance of Xiannong Altar
to a modern audience. By concentrating on this case study, the research aims to enhance the
comprehension of how Serious Games (SGs) can be efficiently employed in cultural heritage
education and preservation. To this end, we propose the following research questions:

RQ1: How can a serious game be designed to authentically depict the historical and
cultural elements of Xian Nong Tan while sustaining learners’ attention over an extended
period to maintain their long-term interest?

RQ2: Can the developed serious game effectively enhance learners’ understand-
ing of the cultural heritage of Xian Nong Tan and its significance in the history of
Chinese agriculture?

RQ3: Can a serious game serve as an effective tool for enhancing knowledge and
understanding of the importance of cultural heritage sites and the profound cultural
concepts embedded within them?
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To investigate these questions, we first conducted a thorough literature review in
Section 2 to examine existing research and key areas of focus on serious games in the
field of education, in order to identify the corresponding design requirements. Then, in
Section 3, building upon the literature review, we introduced the Applied Games Engage-
ment Model (AGEM) framework and proposed a serious game design and development
methodology based on this framework, which effectively integrates educational content
with engaging gameplay. In Section 4, we describe the design and development of the Xian
Nong Dreamscape serious game (SGs) prototype system based on the methodology, with
a focus on embedding the historical and cultural significance of Xian Nong Tan into an
engaging interactive experience while guiding learners’ attention. Our system was tested
by 100 participants in a user evaluation study in Section 5, using both quantitative and
qualitative methods to validate whether the system we designed and developed could
enhance learners’ knowledge of Xian Nong Tan’s cultural heritage and understanding of
the importance of preserving cultural heritage sites, as well as advocate for sustainable
dietary concepts. The results in Section 6 indicate that the game prototype developed under
the guidance of the methodology effectively sparked users’ interest in cultural heritage
(CH) and significantly improved their understanding of Xian Nong Tan’s cultural knowl-
edge and recognition of sustainable dietary concepts. Finally, in Sections 7–9, we discuss,
summarize, and address the limitations of this work, as well as propose directions for
future research.

Our main contributions are as follows: (1) This study addresses the urgent need to
protect and enhance cultural heritage sites, such as Xian Nong Tan, which face threats from
modern encroachment, a matter of significant importance in the context of the knowledge
economy. By integrating Serious Games (SGs) into cultural heritage education, this study
contributes to the expanding body of literature on the innovative use of digital technology
to engage learners and preserve cultural narratives [18–20]. (2) The research employs a
quantitative approach to develop a serious game that utilizes cutting-edge technologies
and historically accurate 3D models of the Xiannong Altar. By assessing the game’s efficacy
through user studies involving experts and diverse learners, the research underscores the
potential of SGs to foster innovation, economic growth, and cultural sustainability, key
themes within the knowledge economy.

2. Background and Related Works
2.1. The Role of Serious Games in Enhancing Educational Outcomes Within the
Knowledge Economy

Serious Games (SGs) have emerged as a powerful tool in modern education, comple-
menting traditional games, game-like applications, and digital platforms. These educational
tools effectively meet the evolving teaching needs in various fields, particularly in culture
and technology education [21,22]. The concept of “Serious Games” was first introduced by
Abt (1970) [23], highlighting their purpose beyond entertainment to achieve specific educa-
tional goals [24]. SGs have revolutionized conventional educational approaches by offering
dynamic and interactive learning environments. These simulations facilitate a significant
shift from passive learning to active participation, allowing students to engage deeply with
simulated scenarios that mirror real-world challenges [25]. The immersive nature of SGs
enables learners to develop critical thinking, problem-solving, and decision-making skills
within a secure and controlled setting [26,27]. Industry experts have refined the concept of
SGs, classifying them as games designed primarily for educational purposes, thus distin-
guishing them from traditional video games [28,29]. SGs focus on learning outcomes, skill
development, and knowledge acquisition while incorporating engaging elements typical of
entertainment games. They are crafted to fulfill specific training, teaching, and simulation
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objectives, demonstrating their adaptability to various educational contexts and learning
goals [30,31].

The educational impact of SGs has been extensively researched, with empirical ev-
idence demonstrating their effectiveness in enhancing learning outcomes. Studies have
shown that SGs significantly improve knowledge retention, skill acquisition, and learner
motivation [32,33]. Unlike traditional passive learning methods, SGs foster active learning
by creating an engaging and interactive environment. They encourage curiosity and ex-
ploration, allowing students to test different strategies, evaluate decision outcomes, and
learn from successes and failures in a safe space [34]. This active participation promotes
cognitive development and instills a sense of ownership over the learning process, motivat-
ing students to explore subjects more deeply. Additionally, SGs have proven effective in
enhancing cognitive skills, requiring players to analyze complex situations, evaluate op-
tions, and make informed decisions [35,36]. Learners refine their problem-solving abilities
by addressing challenges in the gaming environment, formulating strategies, and applying
knowledge to overcome obstacles. Research indicates that SGs can enhance cognitive
capabilities, social skills, communication, and collaboration [37,38]. This comprehensive
approach to skill enhancement equips students with the complexities of the modern profes-
sional landscape, where adaptability and cooperation are crucial. SGs provide educators
valuable tools to improve learning and student performance across various subjects and
age groups. They positively impact cognitive functions such as memory, attention, and
comprehension [39,40].

SGs also influence students’ attitudes and motivations toward learning by creating
engaging and enjoyable experiences, leading to improved educational outcomes and perse-
verance in challenging tasks [41,42]. The adaptability of SGs is evident in their application
across diverse fields, including healthcare, education, military training, and ecology [43,44].
In healthcare, SGs train medical professionals, simulate complex procedures, and educate
patients on health management. In the military, simulation games provide realistic training
scenarios that prepare personnel for various situations while minimizing the risks of live
exercises. SGs have demonstrated efficacy in ecology and environmental education by
raising awareness of ecological issues and promoting sustainable behaviors. By simulating
ecosystems and illustrating the long-term impacts of human actions, these games cultivate
a deeper understanding of environmental concerns and encourage proactive conservation
attitudes [45]. SGs possess diverse characteristics that effectively address complex societal
challenges and foster positive societal change. Developing SGs requires a careful balance
between educational content and engaging gameplay. Collaboration between game de-
signers and educators is essential to integrate learning objectives into game mechanics,
ensuring player engagement while achieving instructional goals. As technology continues
to advance, the potential for SGs in education is expected to grow. Virtual reality (VR) and
augmented reality (AR) technologies expand the possibilities for creating highly immersive
and interactive learning experiences, enabling more authentic simulations and offering
learners experiences that are otherwise unattainable in the physical realm.

2.2. Leveraging Serious Games for Cultural Heritage Education in the Knowledge Economy

Integrating Serious Games (SGs) into cultural heritage education represents a trans-
formative shift in pedagogical strategies, aligning with the broader goals of fostering
innovation and knowledge dissemination in a knowledge-driven economy [46]. SGs offer
immersive and interactive platforms that enable learners to engage deeply with cultural her-
itage, providing experiences that traditional educational methods often cannot deliver [47].
This innovative strategy has garnered increasing attention from researchers and educators,
recognizing its potential to revolutionize how one engages with and understands our
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cultural past [48]. The immersive and interactive nature of SGs offers a unique platform for
disseminating cultural heritage knowledge, providing experiences that traditional educa-
tional methods often fail to deliver [49]. At the forefront of this educational revolution is
the ability of SGs to create engaging, immersive experiences that transport learners into
historical and cultural contexts. These digital environments allow users to interact with
historical artifacts, explore ancient sites, and engage with cultural practices in previously
impossible ways [50]. By doing so, SGs bridge the gap between abstract historical knowl-
edge and tangible, experiential learning, making cultural heritage more accessible and
relatable to modern audiences [12]. The efficacy of SGs in cultural heritage education lies
in their capacity to present complex historical and cultural narratives in an interactive
format. This approach enhances learners’ understanding and deepens their appreciation
for cultural heritage [51].

Through gameplay, users can explore different historical perspectives, make decisions
based on period-specific contexts, and witness the consequences of their choices. This level
of engagement transforms the learning process from passive absorption of facts to active
participation in historical scenarios, fostering a more profound and lasting connection
with cultural heritage [52]. The application of serious games in cultural heritage education
is gradually gaining attention in China. With the advancement of the “Digital China”
strategy and policy-driven initiatives for cultural heritage protection, an increasing number
of digital technologies are being integrated into the education and preservation of cultural
heritage. For example, the “Cloud Tour of Dunhuang” project offers the public a virtual
interactive experience through the use of serious games. By leveraging 3D scanning and
digital reconstruction technologies, the project presents a dynamic virtual reality (VR)
tour of Dunhuang’s Cave 285. This immersive experience is available both online and
offline through VR devices and web platforms. Through a first-person perspective and
interactive gameplay, the project animates a cave that is not typically open to the public,
providing audiences with a rich sensory experience. This approach narrows the distance
between viewers and historical artifacts, enabling them to understand the stories and
cultural significance behind the relics. The project not only enhances public awareness
and understanding of the Dunhuang caves but also opens up new pathways for cultural
heritage education [53]. Similarly, the “Digital Central Axis” project, jointly developed by
the Beijing Municipal Administration of Cultural Heritage and Tencent, focuses on the
digital exhibition, intellectual property (IP) enhancement, and sustainable development
of the Central Axis of Beijing. By utilizing advanced technologies such as high-definition
scanning, game engine technology, and cloud gaming, the project offers an immersive
experience that engages users through auditory, visual, and tactile interactions. It also
innovatively combines “online + offline” mechanisms for the dissemination and inspection
of cultural relics, thereby exploring new models for the protection and transmission of
cultural heritage [54]. Another notable example is the “Wangfu Yizong” game, which
targets young audiences by incorporating location-based service (LBS) technology. This
approach allows players to explore different areas of Prince Gong’s Mansion using mobile
devices, offering insights into the architectural history and cultural context of the site.
During the game, players are required to complete a series of tasks and challenges, which
stimulates their learning interest and encourages them to engage in hands-on exploration of
cultural heritage sites in the real world. Such location-based games enhance the interactivity
and enjoyment of learning, catering to the preferences of younger generations in terms of
both learning and gameplay. These initiatives exemplify the potential of serious games to
foster cultural heritage education by blending education, entertainment, and immersive
technology in a way that appeals to modern audiences [55].
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Mobile game-based learning has emerged as a particularly promising avenue within
the realm of SGs for cultural heritage education. The ubiquity of smartphones and tablets
has opened new possibilities for location-based and context-aware learning experiences [56].
These mobile platforms enable learners to interact with cultural heritage assets in situ,
blending digital content with real-world environments. This fusion of virtual and physical
spaces creates a rich, multisensory learning experience that can significantly enhance the
understanding and appreciation of cultural sites and artifacts [57]. Furthermore, mobile
SGs in cultural heritage education serve a dual purpose. Beyond their educational value,
they are crucial in promoting cultural values and raising awareness about the importance
of preserving our shared heritage [58]. By engaging users in virtual reconstructions of
historical sites or simulations of conservation efforts, these games can instill a sense of
stewardship towards cultural heritage. This aspect is particularly vital in an era where
many historical sites and traditions face threats from urbanization, climate change, and
changing societal values [59].

Developing location-based games for cultural heritage awareness presents exciting
opportunities and unique challenges. These games leverage GPS technology to create
site-specific experiences, allowing players to engage with cultural heritage in its original
context [60]. However, designing such games for university students requires careful
consideration of various factors, including the balance between educational content and
entertainment value, the integration of accurate historical information, and the technical
limitations of mobile devices [61]. Identifying and implementing fundamental design
elements is critical to developing effective location-based SGs for cultural heritage. These
may include narrative structures that effectively convey historical information, game
mechanics that encourage exploration and discovery, and intuitive and engaging user
interfaces [62].

The challenge lies in creating games that are not only educational but also entertaining
enough to maintain player interest over extended periods. Despite the promising potential
of SGs in cultural heritage education, specific challenges persist. One significant issue
is the need for more user engagement over long periods, which can hinder the effective
transmission of knowledge [63]. This problem often stems from design deficiencies that fail
to strike the right balance between educational content and entertainment value. When
players need help to maintain focus on the game, their ability to absorb and understand
the cultural heritage knowledge being conveyed is compromised [64]. Recent research has
focused on developing more engaging and effective SGs for cultural heritage education to
address these challenges. The Applied Games Engagement Model provides a framework
for designing games that educate and captivate players [65]. This model emphasizes the
importance of creating immersive experiences that align with players’ interests and moti-
vations, enhancing engagement and learning outcomes. The application of SGs presents
a unique opportunity to protect, learn about, and disseminate the cultural heritage of
specific sites, such as the Xiannong Altar in Beijing [66]. By designing a game that deeply
integrates with the site’s cultural and historical significance, researchers aim to create an
engaging educational tool that goes beyond mere information delivery. Such a game could
allow players to explore the altar virtually, participate in simulated historical events, and
understand the site’s importance in Chinese agricultural and imperial history [67].

Developing an SG for the Xiannong Altar would need to carefully balance historical
accuracy with engaging gameplay. This might involve creating interactive scenarios that
illustrate the altar’s role in imperial agricultural rites, simulating the challenges of preserv-
ing such a site in modern Beijing, or exploring the altar’s significance in Chinese cosmology
and architecture [68]. The game could offer a multifaceted learning experience that appeals
to diverse learning styles and interests by incorporating problem-solving, storytelling, and
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exploration elements. Moreover, such a game could serve as a virtual preservation tool,
digitally documenting and recreating aspects of the Xiannong Altar that may be at risk
due to urban development or environmental factors. This digital preservation aspect adds
another layer of significance to the project, potentially contributing to broader efforts in
cultural heritage conservation.

By allowing users to interact with historical artifacts, explore ancient sites, and engage
with cultural practices, SGs bridge the gap between abstract historical knowledge and
tangible, experiential learning, making cultural heritage more accessible and relatable to
modern audiences. This approach enhances understanding and appreciation of cultural
heritage, promotes cultural values, and raises awareness about the importance of preserva-
tion [69]. Mobile game-based learning, in particular, leverages the ubiquity of smartphones
and tablets to create location-based, context-aware experiences, blending digital content
with real-world environments [70]. This fusion enriches the learning experience and fosters
a sense of stewardship towards cultural heritage, which is crucial in an era where many
historical sites face urbanization and climate change threats. Designing effective SGs in-
volves balancing educational content with entertainment value, ensuring sustained user
engagement and effective knowledge transmission.

3. Methodology
The Applied Games Engagement Model (AGEM) developed by Kniestedt et al.

(2022) [71] provides a comprehensive framework for understanding and designing Se-
rious Games (SGs) that effectively integrate educational content with engaging gameplay.
The model emphasizes the complexity of player engagement, which evolves through vari-
ous stages and is influenced by both in-game elements (diegesis) and external motivations
(extra-diegetic purposes). The development of SGs, as outlined by AGEM, involves a sys-
tematic process that includes forming multidisciplinary teams, identifying extra-diegetic
elements, creating a synergistic narrative system, and engaging in iterative development
and evaluation. This approach ensures that SGs are educationally impactful and engaging,
balancing entertainment with learning objectives. The cyclical nature of the development
process, as depicted in AGEM, highlights the importance of continuous refinement to
achieve optimal educational outcomes.

3.1. Applied Games Engagement Model (AGEM)

Serious Games symbolize a highly intricate integration of educational material and
game features that goes beyond the simplistic idea of merely adding entertainment to
learning–consequently, the understanding of how gaming participation and learning en-
gagement change together must be very subtle. Thus, analysis of game involvement
structures must be integrated into the very fabric of the participation process. Indeed,
a player’s journey through a Serious Game begins with initial engagement before pro-
gressing through various stages of participation that may culminate in disengagement
and eventually re-engagement at some point. It emerges from the game system and user
characteristics, making it multifaceted. Historically, there has been an assumption that
participating in games contributes to learning because these two facets have been seen
as synonymous.

Kniestedt et al. (2022) [71] have developed an Applied Games Engagement Model
(AGEM) to address such complexity. This all-rounded model provides a complex method
to build engaging and educationally effective serious games. The narrative elements
(diegesis) versus gameplay mechanics (mimesis) are critical for designing immersive learn-
ing experiences. AGEM asserts that whether a serious game will be effective depends
on its capacity to seamlessly blend edutainment contents within its gameplay structure.
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Kniestedt et al. (2022) [71] exercise narratology in analyzing games as text. They dif-
ferentiate between diegesis and mimesis, which are fundamental forms of narratology.
Diegesis deals with storytelling, while mimesis involves direct representation of events.
The significant difference is the presence or lack thereof of the narrator in diegetic forms.

Accordingly, serious games are regarded as textual narratives by Kniestetd et al.
(2022) [71]. Consequently, intra-diegetic components involve immersive environments,
characters, and objects, while extra-diegetic elements represent non-player character actors,
external media, and physical environments. Player engagement in Serious Games can
thus be conceptualized as occurring at all levels within this diegetic system, requiring
attention to the intra-diegetic layer, which can involve temporary disengagement from
tasks within the extra-diegetic level. The overlap between these two layers can vary
depending on different games’ objectives and designs. This variety allows for a range
of engagement strategies suitable for education outcomes and specific target groups of
individual serious games.

In the AGEM framework, there exists a complex interaction relationship between the
player’s perspective and the elements of game design. The Player Frame and the Developer
Frame represent these two viewpoints. Within these frames, Diegetic Systems and Extra-
Diegetic Purposes are introduced. Diegetic Systems refer to the in-game elements that
shape the player’s experience, while Extra-Diegetic Purpose encompasses the external
motivations driving their engagement. The overlapping area between the Player Frame
and Diegetic Systems signifies the locus of attention during gameplay. As seen in training
simulations, a substantial overlap indicates a focus on in-game elements. Conversely, a
weak overlap suggests focusing on external goals, such as gamification. This framework
emphasizes the significance of understanding the relationships among these elements for
the design of effective and engaging games [71].

3.2. Design Methodology of Serious Game

Serious Games’ development process is a well-organized and well-thought-out learn-
ing game design according to the Applied Games Engagement Model (AGEM). It is charac-
terized by several interrelated stages, each contributing to the establishment of an interac-
tive and pedagogically efficient cybernetic learning environment. The first stage involves
sketching out full-fledged outlines and forming a multidisciplinary team. This step helps
create the foundational structure of the game, taking into consideration its intended size
and content intricacies. The makeup of this group should accommodate a varied range of
expertise, such as subject matter experts, game designers, pedagogical specialists, technical
developers, etc. Secondly, the process proceeds to identify extra-diegetic elements. This
refers to aspects external to the story system but necessary for enhancing educational value.
Thus, there is a need to have an understanding of diverse features regarding target audience
characteristics, motivation factors, and preferences when proceeding with this phase. They
can relate to the players through nonplayer characters (NPCs), external media resources,
physical environmental considerations, and supplementary educational materials.

Thirdly, a synergistic model is created where the narrative system of games meets with
extra-diegetic objectives. In other words, this aspect ensures that narrative engagement
with desired learning outcomes goes hand in hand with player engagement. Such synergy
can be realized through different approaches, such as refined gameplay mechanics, strate-
gic instruction deliverance, conveyance through narratives, and performance feedback
mechanisms. The fourth stage deals with designing the narrative system. This phase needs
careful consideration when focusing on players since it requires striking a dynamic balance
between getting immersed in a plot and engaging oneself in an extrinsic objective for study
purposes. Designers must carefully orchestrate moments of focused narrative engagement
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together with those meant for reflection on external learning goals or those that allow both
elements to be integrated.

Fifthly, this section covers the technical development stages for games. This phase
involves the actualization of a design concept. This process includes game scenario de-
velopment, user interface design, prop construction, coding functional states, debugging
interactive elements, program integration, and scripted event trigger mechanisms. Finally,
the game is thoroughly examined. Qualitative research techniques for studying player
experience include observational studies or ethnography, questionnaires, and in-depth
interviews. The data collected serves as an analysis to identify areas where the game can be
improved and guides subsequent iterations and enhancements. This systematic approach
to serious game development based on the AGEM framework is a robust means for creating
educational games with an optimal balance between engagement and pedagogical goals.
Its reasonable aim is to produce serious games that are both entertaining and educationally
impactful and aligned with specific learning outcomes by accurately dealing with each
stage during the developmental process.

Figure 1 depicts a cyclical model for game development, emphasizing the iterative
nature of the process. At the center lies the core of game development, divided into four
key phases: defining the extra-diegetic purpose, designing the diegetic systems, developing
the game, and evaluating the final product. The process begins with defining the extra-
diegetic purpose, which entails identifying the overarching goals or motivations to drive
the player’s engagement. Once the purpose is established, the diegetic systems, or in-
game elements, are designed to align with and support this purpose. Subsequently, the
game is developed based on the defined purpose and designed systems. The final stage
involves evaluating the game’s effectiveness in achieving its intended goals and identifying
areas for improvement. The insights gained from this evaluation are then fed back into
the process, leading to a new round of planning and development. This cyclical model
underscores the importance of continuous assessment and refinement throughout the game
development process.
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4. The Developed Serious Game—Xiannong Dreamscape
“Xiannong Dreamscape” is a cutting-edge 3D role-playing game that fully engages

players in the historical and cultural importance of Xiannong Altar by providing an ab-
sorbing first-person viewpoint. The game commences as players visit the physical Altar,
unintentionally triggering its mystical attributes and transporting them to a parallel reality
replicating the Temple’s surroundings. Within this alternate dimension, participants par-
take in a diverse range of agricultural trials, encompassing the mastery of sowing methods,
the mitigation of natural calamities, the utilization of tools appropriate for the period,
and the implementation of efficient crop preservation strategies [72]. The gameplay is
intended to instruct gamers about past agricultural techniques while necessitating them to
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accomplish specified objectives about crop processing before being able to return to their
initial reality. This mechanic functions as a gaming objective and represents the significance
of prosperous harvests in ancient Chinese civilization [73].

As players advance in “Xiannong Dreamscape”, they eventually realize that their
choices in the parallel realm significantly influence the actual reality depicted in the game’s
storyline. The crops they grow are inherently connected to the ordinary people’s har-
vest, and their endeavors prevent a food crisis, guaranteeing an abundant harvest for the
populace. This narrative twist enhances the instructional content by demonstrating the
practical importance of agricultural knowledge and practices while cultivating an emotional
bond between players and the welfare of the virtual community. “Xiannong Dreamscape”
provides a comprehensive learning experience combining gameplay, education, and story-
telling. This immersive experience improves players’ knowledge of agricultural heritage
and fosters a sense of duty toward cultural conservation [74].

4.1. Extra-Diegetic Purpose

“Xiannong Dreamscape” is being created as a non-profit video game. This allows
players to engage with the game from home and cater to their interests. A substantial game
component focuses on integrating agricultural science and disaster avoidance knowledge,
utilizing an experience learning process typified by an “information acquisition—practical
operation” approach. This educational content is delivered by agronomy specialists on
the development team, guaranteeing precision and pertinence [75]. To enhance players’
comprehension of the Xiannong Altar, distinct features are allocated to different temple
sections, which are interconnected inside the gaming environment. During gameplay,
players must discover these regions to gain knowledge about various aspects of farming,
which is crucial for progressing in the game. Therefore, the features outside the storyline
mainly include informational resources about agricultural planting procedures, the roles of
different places inside Xiannong Altar, and specific in-game animations, including the final
animation [76].

The design of “Xiannong Dreamscape” exemplifies certain fundamental principles in
producing serious games, specifically in the context of cultural heritage education. Offering
the game for download optimizes compatibility with players’ existing devices, improving
accessibility [51]. The incorporation of agricultural science into the gameplay achieves a
harmonious blend of amusement and learning, while the involvement of specialists in the
field guarantees the precision of the content. The game’s framework promotes proactive
exploration, necessitating players to investigate the temple to acquire knowledge about the
many stages of farming, thus converting the heritage site into an interactive setting [60]. The
game facilitates contextual learning by organizing information into multiple capabilities
and utilizing an experiential learning paradigm. This approach connects agricultural
activities with the cultural value of the Xiannong Altar. This deliberate strategy encourages
gamers to participate actively in educational material and emphasizes the significance of
conserving cultural heritage within a non-profit structure [77].

4.2. Guiding Attention Through Design

In “Xiannong Dreamscape”, players engage with the historical and cultural signif-
icance of Xiannong Altar from a first-person perspective, immersing themselves in an
educational experience that combines knowledge acquisition, crop cultivation, and disaster
management. The game design ingeniously intertwines its narrative objectives with the
gameplay mechanics through a “knowledge acquisition–practical operation” model, where
players are continually tasked with gathering information to progress the storyline. This
process deepens their understanding of the Xiannong Altar and aligns closely with the
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educational content intended for players. However, the repetitive nature of this knowledge-
seeking process poses challenges in maintaining player attention over extended periods.
To counter this, the game introduces time constraints and unpredictable disasters, provid-
ing players with opportunities for forewarning and preparation [76]. This design choice
keeps players engaged and adds complexity and excitement to the gameplay, enhancing its
entertainment value while allowing players to experience the hardships farmers face. The
overarching objective of “Xiannong Dreamscape” extends beyond imparting superficial
knowledge; it aims to disseminate the traditional cultural concepts encapsulated within
Xiannong Altar. By integrating educational content seamlessly into the gameplay, the game
fosters contextual learning that enriches players’ appreciation for agricultural heritage.
Including challenges, such as managing disasters and adhering to time limits, stimulates
players’ desire to overcome obstacles, reinforcing their engagement with the gameplay and
the educational material. This thoughtful approach enhances the players’ understanding of
agricultural practices. It cultivates empathy for farmers’ struggles, ultimately creating a
rich and immersive experience that connects players with the cultural significance of the
Xiannong Altar [74].

Figure 2 illustrates the participation process in “Xiannong Dreamscape”. Initially,
players watch a promotional animation and undergo game tutorials to understand the
game’s background and mechanics, with their attention entirely focused on the game
itself. Upon formally entering the game, the narrative system and objectives external to
the narrative work in tandem, as previously described. Ultimately, the success or failure of
the game is reflected in different concluding animations, shifting players’ attention from
the narrative system to these animations. The content of these animations, along with
subsequent evaluative questions, guides players to reflect on their gameplay experience,
fostering an appreciation for the toils of farming and further understanding the need to
respect and revere nature. This approach effectively conveys the cultural significance of the
Xiannong Altar to the players.
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4.3. Development and Design of “Xiannong Dreamscape”

Integrating Serious Games (SGs) into cultural heritage education marks a significant
shift in pedagogical approaches, aligning with the evolving demands of the knowledge
economy by fostering innovation and enhancing knowledge dissemination [78]. SGs
provide immersive and interactive platforms that allow learners to deeply engage with
cultural heritage, offering experiences that traditional educational methods often cannot
deliver. By enabling users to interact with historical artifacts, explore ancient sites, and
engage with cultural practices, SGs bridge the gap between abstract historical knowledge
and tangible, experiential learning, making cultural heritage more accessible and relatable
to modern audiences [79]. This approach enhances understanding and appreciation of
cultural heritage, promotes cultural values, and raises awareness about the importance
of preservation. Mobile game-based learning, in particular, leverages the ubiquity of
smartphones and tablets to create location-based, context-aware experiences, blending
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digital content with real-world environments. This fusion enriches the learning experience
and fosters a sense of stewardship towards cultural heritage, which is crucial in an era where
many historical sites face urbanization and climate change threats. Designing effective SGs
involves balancing educational content with entertainment value, ensuring sustained user
engagement and effective knowledge transmission [80]. By utilizing advanced technologies
such as virtual and augmented reality, SGs can offer highly immersive learning experiences
that support cultural heritage conservation and education, contributing to developing a
more informed and culturally aware society.

4.3.1. Game Environment Design

One of the unique aspects of “Xiannong Dreamscape” is its environment, which is
based on the architectural complex of the Xiannong Altar itself. This approach provides
players with an immersive experience of the temple’s cultural heritage, making the authen-
ticity and detail of the game environment and models crucial.

1. 3D assets for game environments

The 3D modeling of cultural heritage sites typically employs two advanced techniques
rooted in photogrammetric data collection. The first method involves capturing a series of
overlapping photographs of the subject, which are subsequently processed to generate a
3D digital model [81]. The second approach utilizes laser scanning technology to measure
the object’s depth and dimensions, which are then converted into a 3D model [82]. In
the case of the Xiannong Altar, its substantial scale necessitates using uncrewed aerial
vehicles (UAVs) for comprehensive photogrammetric data acquisition. However, the site’s
proximity to Beijing’s central axis, a designated no-fly zone for drones, precluded this
option. Consequently, an alternative methodology was devised, integrating traditional
on-site surveying techniques with photogrammetric modeling. The research team con-
ducted extensive on-site investigations, meticulously measuring the architectural elements’
dimensions, including length, width, height, rooflines, fenestration, and staircases. This
process employed a range of precision instruments, such as laser distance meters, tape
measures, and handheld scanners. To ensure accuracy, preliminary measurements and
sketches were systematically documented and archived, necessitating multiple site visits to
verify and refine the data. Regulatory constraints impeded direct access to certain areas,
compelling the researchers to augment their field data with an extensive literature review
on the Xiannong Altar and traditional Chinese architecture [83].

Additionally, expert consultations were sought to fill knowledge gaps and validate
findings. This multifaceted approach culminated in the acquisition of a comprehensive
dataset. Upon completing the data collection phase, the team created detailed computer-
aided design (CAD) drawings of the Xiannong Altar. These drawings were the foundation
for subsequent 3D modeling efforts, providing a precise digital representation of the site’s
architectural features and spatial relationships. The architectural modeling of intricate
elements, such as dragon ridges and roof beasts, necessitated a collaborative approach with
specialized institutions in ancient architecture, enabling access to replicas and analogous
models suitable for photogrammetric modeling. A comprehensive photographic survey of
these models was conducted to ensure clarity and detail, capturing high-fidelity images
that were subsequently processed using ContextCapture v10.19 software to generate initial
3D models. The post-processing phase was executed using Blender 4.0, a sophisticated 3D
modeling and rendering software, where the surface complexity of the models was reduced
to facilitate seamless integration with the broader architectural model in subsequent phases.
Upon completing this stage, the detailed component models were meticulously merged
with the primary architectural models derived from CAD drawings, resulting in compre-
hensive individual structural representations. Through this methodological approach, the
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research team completed the modeling of the entire Xiannong Altar architectural complex.
This substantial task required the collaborative efforts of the core research team and over
thirty undergraduate students. This collaborative model facilitated the completion of a com-
plex project and provided valuable experiential learning opportunities in digital heritage
preservation. The successful execution of this project underscores the efficacy of combining
advanced digital technologies with traditional architectural knowledge and collaborative
research practices, highlighting the potential of such approaches for the accurate digital
reconstruction and preservation of complex historical structures, particularly when direct
access or conventional documentation methods are constrained.

2. Game Scenario and Functional Design

The design of “Xiannong Dreamscape” intricately integrates game functionalities with
the historical and cultural significance of Xiannong Altar, transforming the virtual recreation
of the site into an engaging educational experience [77]. Each area within the game serves
a specific purpose while imparting knowledge about agricultural practices and the site’s
historical functions. For instance, Taisui (Jupiter) Hall acts as an educational hub, housing
various knowledge books on planting, fertilizing, and disaster prevention, encouraging
players to actively seek information akin to the historical role of such halls as repositories
of wisdom [84]. Similarly, the Pavilion of Sacrifice introduces players to the importance of
livestock in farming, while the Divine Granary emphasizes grain preservation techniques,
requiring players to follow guidelines to prevent spoilage. The Divine Kitchen focuses
on food processing, teaching players about transforming raw crops into polished rice and
enhancing their understanding of agricultural practices.

Moreover, the game’s structure fosters exploration and discovery by requiring players
to navigate between different areas to progress. The Emperor’s Farmland allows players to
apply their knowledge in crop cultivation. At the same time, the Deity Altar serves as an ex-
change point for game items, reflecting historical practices of trade and offerings [85]. Qing
Cheng Palace functions as a resting area, providing narrative interludes and encouraging
reflection on the learning experience. This multifaceted design motivates players through
various gameplay mechanics, such as trading grains for items and acquiring processing
manuals, and reinforces the interconnected nature of agricultural activities. By focusing
on tasks like planting, harvesting, storing, and processing crops within the context of the
Xiannong Altar, the game creates a holistic learning experience that educates players about
historical Chinese agricultural practices and highlights agriculture’s cultural and ritual
significance in the region’s history [86] (See Table 1).

Table 1. Functions of the Halls of Xiannong Altar in the game.

Regional
Name Taisui Hall Complex Pavilion of

Sacrifice

Storehouse for
Preparing
Sacrifices

Kitchen for
Preparing
Sacrifices

Emperor’s
Farm-
land

Xiannong
Altar

Qingcheng
Hall

Complex

Regional
Function Storage of Planting Books

Keeping of Farm
Animals and

Storage of
Farming Tools

Storage of
Grain

Processed
Grain Farm Redeem

Props Rest

Items
Name

Planting
Manual

Fertilizer
Manual

Disaster
Prevention
Manual

Atlas of Farm
Animals

and Farming Tools

Grain Storage
Manual

Machining
Tool Atlas Farmland Atlas of

Props
Resting

Area

Items
Function

Accelerated
Crop

Growth

Accelerated
Crop

Growth

Reduction
of Crop
Losses

Accelerating the
Speed of Farming

Reducing Crop
Losses

and Increasing
Storage

Quantities

Processing
of Brown
Rice Into

White Rice

Crops
Planted

Redeem
Props

Increase
Game

Realism

Acquisition
Pathway

Obtaining Items Through Incense
Offerings Redeem at the Xiannong Altar
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4.3.2. Game Interfaces

1. The game start interface for “Xiannong Dreamscape” demonstrates a thoughtful
approach to user engagement and accessibility. Rather than directly representing the
Xiannong Altar, the background incorporates related elements to create an imaginative
space. This design choice piques players’ curiosity and draws their attention, setting
the stage for the educational journey ahead. The interface invites players to form
their initial impressions using suggestive imagery rather than explicit depictions. It
encourages them to explore further to discover the true nature of the Xiannong Altar.
The interface’s functionality is designed with simplicity and intuitiveness in mind,
featuring five clearly labeled buttons: “Start Game”, “Level”, “Save”, “Feedback”, and
“Exit”. This straightforward layout ensures that even players who are not frequent
gamers can easily navigate the game’s options without feeling overwhelmed. By
reducing potential barriers to entry, the interface design maintains players’ interest and
encourages them to delve into the game’s content. This user-friendly approach aligns
with best practices in serious game design, emphasizing the importance of creating
accessible and engaging experiences that do not deter players from unnecessary
complexity in basic operations.

2. Icon Functionality: The interface design of this game demonstrates a minimalist and
user-centric approach, featuring a carefully curated selection of icons that prioritize
clarity and functionality. Each element serves a specific purpose, contributing to
the gameplay experience without overwhelming the player. The countdown timer
introduces a sense of urgency, encouraging players to make efficient decisions and
manage their time effectively. The tips panel provides contextual guidance, offering
relevant prompts based on the player’s actions and game progress, aiding learning
and decision-making. Health points serve as a critical indicator of the player’s success.
At the same time, the setup icon consolidates various essential functions, such as
personal information modification, sound settings, and game saving, into a single,
accessible location. Including a map, the feature assists players in navigating the
game world and enhances spatial awareness and strategic planning. The backpack
icon provides a convenient storage system for acquired items, supporting inventory
management as an integral part of the gameplay. This streamlined interface design
effectively guides players to focus on the game’s core content, minimizing distractions
and unnecessary cognitive load. By reducing the number of interface elements and
ensuring that each icon is intuitive and easily understandable, the game creates an
immersive experience that allows players to engage more deeply with the educational
content and narrative elements. This approach aligns with best practices in serious
game design, where the goal is to facilitate learning and engagement by removing
barriers to interaction and emphasizing the core educational objectives of the game.

4.3.3. Game Interaction Design

1. Movement: The game’s design incorporates a technique of estrangement, a sophisti-
cated artistic method that presents familiar objects or environments in an unfamiliar
or strange manner. Setting the game in a fictional alternate world breaks away from
the conventional constraints of ground-based movement typically experienced in
reality. This innovative approach offers players a fresh perspective, encouraging
them to view the virtual world through a new lens. The ability to navigate on the
ground and rooftops introduces a unique spatial dynamic rarely experienced in the
real world, particularly in historical architecture. Osmose is a pioneering example
from the 1990s that integrates art with VR environment design. Its innovation lies
in breaking away from the traditional VR model, which is primarily control-driven
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and goal-oriented, and instead emphasizing “presence” rather than “action”. By
navigating through breathing and bodily balance, it allows participants to experience
a meditative state within an immersive virtual space. This design guides participants
to step away from their habitual daily perceptions and cognitive patterns, offering a
new sensory experience. It exemplifies a deep fusion of art and philosophy, providing
valuable insights on perception, interaction, and self-awareness for this immersive
experience [87]. This design choice serves multiple purposes within the game’s educa-
tional framework. Firstly, it stimulates players’ curiosity and encourages exploration,
guiding them to investigate areas of ancient architectural structures that are typically
inaccessible or overlooked in real-life scenarios. By allowing players to climb onto
and traverse rooftops, the game provides a vantage point that offers insights into the
intricacies of ancient Chinese architectural design, such as roof structures, ornamental
details, and spatial relationships between buildings. This unconventional perspec-
tive not only enhances the players’ understanding of historical architecture but also
creates a memorable and engaging learning experience that goes beyond traditional
methods of architectural study. The estrangement technique thus becomes a pow-
erful tool for education, using the unfamiliarity of rooftop exploration to highlight
and elucidate aspects of ancient architecture that might otherwise remain unnoticed
or underappreciated.

2. Knowledge Acquisition: The interface design of the Taisui (Jupiter) Hall in this 3D se-
rious game exemplifies a thoughtful integration of educational content with gameplay
mechanics, effectively embedding historical, cultural, and agricultural knowledge
within the game environment. Upon clicking on the hall, players are presented with
a functional interface that includes options such as “Introduction”, “Game items”,
and “Close”. This layered structure allows players to navigate through information
in a logical sequence, beginning with a general introduction and progressing to spe-
cific game items like the “Planting Manual”, “Fertilizing Manual”, and “Disaster
Prevention Manual”. By organizing the information according to the sequence of
planting activities, the design reinforces practical knowledge and mirrors real-world
agricultural processes, enhancing contextual learning and making the educational
content more relatable. Furthermore, the interactive nature of the interface encourages
players to actively engage with the material, promoting a more immersive learning
experience. For instance, selecting the “Planting Manual” reveals a catalog that guides
players through various planting tasks, such as soil preparation and using specific
tools like “the plow”. This task-oriented design directs players to the next steps in
their gameplay. It ensures that learning is directly tied to game progression, moti-
vating them to explore the educational content further. Including clear navigation
options, such as the ability to click “Close” to exit the interface, provides players with
a sense of control over their exploration. Overall, this design effectively balances
educational objectives with gameplay elements, creating an engaging and informative
experience that enhances players’ understanding of agricultural practices within the
historical and cultural context of Xiannong Altar.

3. Option Effectiveness: The game mechanics in “Xiannong Dreamscape” are structured
around a “knowledge acquisition—practical operation” model, which effectively inte-
grates learning with gameplay. This approach creates a dynamic learning environment
where players must actively engage with and apply the information they acquire. The
game encourages thorough exploration and comprehension of educational content by
requiring players to gather relevant information from specific locations, such as the Tai
Sui Hall, before making decisions. Using choice options during practical operations is
an immediate assessment tool, testing players’ understanding of the acquired knowl-
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edge and directly influencing the game’s progression. This model is exemplified in
the sowing phase, where players must collect information about sowing conditions
before making decisions. The “Tips Panel” is a crucial interface element, providing
real-time guidance and updates on environmental conditions. Players must critically
evaluate this information against their acquired knowledge to determine the appro-
priate time for sowing. The consequence-based system, where incorrect decisions lead
to decreased health points, adds a layer of challenge and reinforces the importance of
making informed choices. This immediate feedback mechanism maintains player en-
gagement and simulates the real-world consequences of agricultural decision-making,
enhancing the game’s educational value. By linking player choices directly to the
game’s outcome, this design encourages careful consideration of learned information
and promotes a deeper understanding of agricultural practices.

4. Game Modes: Incorporating Simple and Difficult modes in “Xiannong Dreamscape”
demonstrates a thoughtful approach to game design that caters to a diverse player
base with varying skill levels and learning preferences. In Simple Mode, players are
afforded a more accessible and less time-intensive experience, with activities such as
plowing and sowing requiring shorter duration. This design choice allows players to
progress through the game at a more relaxed pace, even under the same overall time
constraints. The reduced restrictions in Simple Mode minimize the potential for player
errors, creating a more forgiving environment that facilitates more straightforward
progression and successful game completion. This approach is particularly beneficial
for newcomers to the genre, younger players, or those who prefer a less challenging
experience while still engaging with the educational content.

5. Conversely, Difficult Mode offers a more rigorous and authentic simulation of tradi-
tional planting methods, presenting players with more challenging conditions that
demand greater precision and strategic planning. This model appeals to players
seeking a more immersive and historically accurate experience and those who desire
a more significant challenge. Complex Mode enhances the game’s educational value
by emulating the complexities and difficulties of traditional agricultural practices. It
provides a deeper appreciation for the skills and knowledge required in historical
farming. Including these two distinct modes allows the game to effectively balance
accessibility with depth, ensuring that a wide range of players can engage with the
educational content while providing options for those who wish to delve deeper into
the intricacies of historical agricultural practices.

6. Game Outcome: The game’s success or failure mechanism in “Xiannong Dreamscape”
is intricately tied to the player’s health points, creating a tangible and immediate
feedback system. Throughout the gameplay, each incorrect decision reduces health
points by a specified percentage, serving as a constant reminder of the consequences
of poor agricultural practices. This system not only adds tension and stakes to the
gameplay but also reinforces the importance of making informed decisions based
on the knowledge acquired during the game. The visual representation of health
points turning red upon reaching a critical level provides a clear and intuitive indi-
cator of the player’s performance, with the final state of these points at the game’s
conclusion determining success or failure. The game’s outcome is further emphasized
through contrasting ending animations and powerful visual narratives illustrating the
far-reaching impacts of agricultural success or failure on society. In the case of a suc-
cessful playthrough, players are rewarded with scenes of abundance: lush rice fields,
bountiful harvests, and joyous celebrations. These positive images are accompanied
by subtitles describing favorable weather conditions and plentiful yields, reinforcing
the connection between skilled agricultural management and societal prosperity.
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7. Conversely, a failed outcome presents a stark and sobering scenario: barren fields,
widespread poverty, and even starvation. The accompanying subtitles detailing severe
disasters and crop failures drive home the devastating consequences of agricultural
mismanagement. This dichotomy in endings not only provides a satisfying conclusion
to the gameplay experience but also serves as a poignant educational tool, vividly
illustrating the critical role of agriculture in sustaining human societies and the dire
consequences of its failure.

4.3.4. Game Music Design

The integration of carefully selected sound effects and background music in “Xiannong
Dreamscape” demonstrates a sophisticated approach to game design that recognizes the
crucial role of audio in enhancing the overall gaming experience. By aligning auditory
elements with specific scenarios within the game’s storyline, the designers have created
a more immersive and emotionally resonant environment for players. For example, the
use of heavy rain sounds and intense, fast-paced background music during flood disasters
serves to heighten the sense of urgency and danger, effectively conveying the gravity of the
situation to players. Conversely, the inclusion of joyful laughter and celebratory music in
successful conclusion animations reinforces the positive outcomes of players’ efforts, pro-
viding a satisfying auditory reward for their achievements. The strategic use of music and
sound effects serves not only as an aesthetic enhancement but also as a combination of au-
ditory and visual elements. Beyond providing a singular sensory stimulus, the integration
of multiple modalities further strengthens the transmission of information and emotional
engagement. For example, the sound of a thunderstorm complements the visual effects
of lightning, collectively evoking a sense of tension in the player, while celebratory music
and visual depictions of characters enhance the feeling of accomplishment and satisfaction
through the synchronization of auditory and emotional cues. Through this multimodal
integration, the game amplifies sensory experiences while effectively promoting memory
retention and emotional investment, adding an additional layer to the communication of
information within the game. The auditory cues work with visual elements to create a
multi-sensory experience that more effectively communicates the game’s narrative and
emotional content. The game creates a more holistic and engaging learning environment
by engaging players’ auditory senses alongside their visual and cognitive faculties. This
approach not only enriches the player’s sensory experience but also aids in information
retention and emotional engagement with the game’s educational content, demonstrating
how thoughtful audio design can significantly contribute to the effectiveness of serious
games in cultural heritage education.

5. Evaluation
The study investigates the effectiveness of the “Xiannong Dreamscape” game in

enhancing knowledge about traditional rice cultivation and promoting sustainable food
conservation behaviors. It employs a cross-sectional design, with participants completing
pre- and post-game surveys based on the Theory of Planned Behavior (TPB). The research
tests two hypotheses: that the game improves understanding of traditional agricultural
techniques and the cultural significance of Xiannong Altar (H1) and encourages sustainable
food practices (H2). The results demonstrate the game’s potential as an educational tool
and its ability to influence real-world behaviors.

5.1. Experimental Setup

The study proposes two key hypotheses that aim to evaluate the effectiveness of the
“Xiannong Dreamscape” game in achieving its educational and behavioral objectives:
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Hypothesis 1 (H1) focuses on the game’s ability to impart knowledge about traditional
rice cultivation techniques and the historical significance of the Xiannong Altar. This
hypothesis posits that players who engage with the game will demonstrate an improved
understanding of these topics, as evidenced by their ability to correctly answer knowledge-
based questions after playing. This hypothesis is grounded in the educational design
of the game, which integrates historical and agricultural information into its gameplay
mechanics and narrative structure. The rationale behind H1 is that the immersive and
interactive nature of the game will facilitate more effective learning compared to traditional
educational methods. By actively engaging with the content through gameplay, players
are expected to retain information more readily and develop a deeper understanding of
the historical and agricultural concepts presented. This hypothesis aligns with theories of
experiential learning and the educational potential of serious games.

Hypothesis 2 (H2) extends beyond knowledge acquisition to address behavioral
change, specifically focusing on food conservation practices. This hypothesis suggests
that exposure to the game will increase players’ intentions to adopt sustainable food
consumption behaviors in their real lives. The basis for this hypothesis lies in the game’s
design, which not only educates players about sustainable agricultural practices but also
demonstrates the consequences of these practices on societal well-being. H2 is particularly
relevant in the context of current global challenges, including food security issues and the
need for more sustainable agricultural practices. By presenting players with scenarios that
illustrate the impact of their decisions on food production and societal outcomes, the game
aims to foster a sense of responsibility and awareness regarding food conservation. This
hypothesis is supported by behavior change theories suggesting that increased knowledge
and understanding of an issue and exposure to positive behavioral models can lead to
changes in intentions and, ultimately, behavior.

5.2. Study Design

This study employed a cross-sectional research design to assess the effectiveness of a
newly developed game in enhancing players’ awareness of food preservation, ancient grain
cultivation techniques, and knowledge about Xiannong Altar. The methodology involved a
two-phase survey process: participants were required to complete an initial survey before
engaging with the game, establishing a baseline of their attitudes and understanding of
the game’s core themes. Following the gameplay experience, participants completed a
second survey containing similar questions, allowing researchers to identify changes in
attitudes and knowledge about food-related topics. This research design allows for a direct
comparison of participants’ knowledge and attitudes before and after game exposure,
enabling the researchers to evaluate the game’s impact on learning outcomes and potential
behavioral intentions related to food conservation and cultural heritage appreciation.

5.3. Questionnaire Design

The Theory of Planned Behavior guided the questionnaire design in this study (TPB)
framework, a well-established psychological model that posits that behavioral intentions
are most effectively predicted when individuals possess positive attitudes toward a behav-
ior, perceive a social endorsement of that behavior (subjective norm) and believe in their
capability to execute it (perceived behavioral control). To assess these constructs, the study
employed a direct evaluation method through pre- and post-gameplay questionnaires, al-
lowing for a straightforward assessment of changes in players’ attitudes, subjective norms,
and perceived behavioral control regarding food conservation and traditional agricultural
practices. The questionnaires likely included items measuring players’ attitudes toward
the importance of food preservation, their perceptions of social expectations regarding
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these practices, and their confidence in their ability to engage in food conservation behav-
iors. By comparing the responses before and after gameplay, the study aimed to quantify
changes in these TPB constructs, thereby demonstrating the game’s effectiveness in influ-
encing players’ cognitions and intentions related to food conservation and agricultural
knowledge. This approach provides empirical evidence for the impact of the “Xiannong
Dreamscape” game. It establishes a theoretically sound basis for understanding how such
serious games can promote positive behavioral changes in sustainable practices and cultural
heritage appreciation.

5.4. Knowledge Questions

The knowledge-based component of the study was designed to assess participants’
understanding of traditional rice cultivation techniques and the cultural significance of
the Xiannong Altar. This assessment was conducted through fact-based multiple-choice
questions administered before and after gameplay. The pre-game questionnaire included
four such questions, establishing a baseline of participants’ knowledge before interacting
with the game. Following the gameplay experience, participants were presented with four
more multiple-choice questions in the post-game questionnaire. This expanded set of ques-
tions was crafted to measure the extent of learning during gameplay, allowing researchers
to quantify the educational impact of the “Xiannong Dreamscape” game. Researchers
could evaluate changes in participants’ knowledge levels by comparing responses to the
initial four questions with those in the expanded post-game set. This approach enabled a
direct assessment of the game’s effectiveness in imparting information about traditional
agricultural practices and the historical importance of the Xiannong Altar. The specific
questions used in both the pre- and post-game questionnaires were carefully designed to
cover critical aspects of rice cultivation techniques and the cultural heritage associated
with the Xiannong Altar, ensuring a comprehensive evaluation of the game’s educational
content (detailed questions can be found in Appendix A of the study).

5.5. Behavioural Questions

The questionnaire design for this study demonstrates a comprehensive and structured
approach to evaluating the impact of the “Xiannong Dreamscape” game on participants’
knowledge, attitudes, and behavioral intentions related to food conservation and traditional
agriculture. By maintaining a consistent format across pre- and post-game surveys, the
researchers established a reliable basis for comparison, allowing for a clear assessment of
changes resulting from gameplay exposure. Using a 5-point Likert scale for the behavioral
questions based on the Theory of Planned Behavior (TPB) dimensions provides a nuanced
measurement of participants’ attitudes, subjective norms, and perceived behavioral control.
This approach allows quantitative analysis of subtle shifts in these psychological constructs,
which are crucial in predicting behavioral intentions and potential future actions. The
inclusion of multiple-choice questions to assess knowledge of food conservation in both
surveys serves a dual purpose. Firstly, it directly measures the game’s effectiveness in
imparting factual information. Secondly, it allows researchers to explore potential corre-
lations between knowledge acquisition and changes in attitudes or behavioral intentions.
The questionnaires capture a holistic view of the game’s impact by focusing on critical
areas such as attitudes toward food cultivation, perceived social expectations regarding
food conservation, self-perceived control over food conservation issues, and intentions to
adopt sustainable behaviors. This comprehensive assessment evaluates the game’s educa-
tional efficacy and potential to influence real-world behaviors related to sustainable food
practices and cultural heritage appreciation. The detailed breakdown of evaluations for
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each TPB component, as provided in Appendix B, further enhances the study’s rigor and
transparency, allowing for in-depth analysis and potential replication in future research.

6. Results
6.1. Participant Statistics

Participant recruitment was conducted through social media platforms and the posting
of posters on campus. The recruitment phase lasted for three months, from January to
March 2023. A total of 100 participants were recruited, including 58 males and 42 females.
Among them, 83% were aged between 18 and 25, 12% were aged between 26 and 30,
and 5% were over 30 years old. The participants consisted of 52 undergraduate students,
31 graduate students, 6 doctoral students, and 11 university faculty members, all from local
universities. While most faculty members reported not playing digital games, students
generally showed a strong interest in them. Regarding weekly gameplay duration, 13% of
participants played digital games for 0–1 h, 67% for 1–5 h, 16% for 5–10 h, and only 4% for
more than 10 h per week. Notably, 96% of participants indicated that they do not play
digital games for learning or training purposes. Only four participants, all from the same
academic research group, reported playing a game called “Digital Central Axis”—which
focuses on Beijing’s ancient architecture—for 0–2 h as part of academic research. In terms
of participants’ understanding of the cultural heritage of the Xian Nong Tan (Temple of
Agriculture), 12% reported having a deep understanding, primarily composed of older
faculty members, doctoral students, and members of specific research groups. Another
8% of participants claimed to have a relatively good understanding, 24% had a limited
understanding, while the majority, 56%, indicated that they had no prior knowledge of the
heritage site.

6.2. Knowledge Questions

The study results provide compelling support for Hypothesis 1, which posited that
participants would demonstrate improved knowledge of agricultural practices and the
Xiannong Altar after engaging with the game. Data analysis reveals significant find-
ings, as illustrated in Figure 3a, which shows a marked increase in correct responses to
knowledge-based questions following gameplay. This improvement is evident across re-
peated questions from the pre-game survey and new questions introduced in the post-game
assessment. A one-sided, two-sample paired t-test yielded a p-value of 0.001, statistically
confirming the game’s effectiveness in enhancing participants’ understanding of the subject
matter. Further examination of the results, as depicted in Figure 3b, highlights the differ-
ential improvements in specific knowledge domains. The first two questions, focusing on
agricultural practices, reveal a substantial increase in correct responses post-game. This
significant enhancement can be attributed to the game’s “knowledge acquisition-operation
practice” mechanism, which allowed players to experience the planting process in an
immersive and hands-on manner.

In contrast, the latter two questions regarding the Xiannong Altar also show improve-
ment, but to a lesser degree. This modest gain may be explained by some participants
having prior knowledge of the Xiannong Altar before the study. The disparity in im-
provement between agricultural and cultural heritage knowledge suggests that while
participants generally had less initial knowledge about agricultural practices, the experi-
ential learning approach of the game effectively facilitated greater knowledge retention
in this area. Conversely, cultural heritage information was primarily conveyed through
text and reflection, indicating potential areas for enhancement in how this knowledge is
presented. Overall, the data strongly supports Hypothesis 1, demonstrating the game’s
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efficacy in improving participants’ knowledge across agricultural and cultural heritage
domains while highlighting the effectiveness of immersive learning for practical skills.
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6.3. Behavioural Questions

The study’s findings support Hypothesis 2, demonstrating the game’s positive influ-
ence on participants’ behavioral intentions regarding food conservation. Figure 4 illustrates
a notable shift in responses to behavioral questions following gameplay, with a general
trend towards more favorable attitudes. This shift was particularly pronounced in questions
assessing perceived behavioral control, all showing statistically significant improvements
(p < 0.05). This outcome is especially noteworthy as perceived behavioral control is a key
determinant in effecting actual behavioral change according to psychological theories such
as the Theory of Planned Behavior. The significant improvements in this area suggest that
the game effectively enhanced participants’ awareness of food-related issues and strength-
ened their belief in their ability to engage in food conservation actions. The analysis also
revealed significant positive changes in specific topics, such as food-saving behaviors and
attitudes toward agricultural practices. For instance, questions like “I find that achieving a
bumper grain harvest is a difficult task” (p = 0.002) and “I intend to regularly check the
expiry dates of food, use food that is about to expire, and avoid waste” (p = 0.004) showed
marked improvements. These findings indicate that the game increased awareness and
potentially influenced intended behaviors crucial for sustainable practices.
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Additionally, the study found a significant increase in participants’ interest in learning
cultivation methods through games (p = 0.016), suggesting that the game was engaging
and appealing to players. Interestingly, some questions showed no significant differ-
ences between pre- and post-game responses, particularly those that had already received
widespread agreement before the game. For example, statements like “People who I think
highly of would encourage me to participate in the Clean Plate Campaign” (p = 0.042)
and “For me, the Clean Plate Campaign is an important habit” (p = 0.160) showed little
change, likely due to high initial agreement levels. This suggests that the game either had
no significant impact on these pre-existing views or served to reinforce them.

The study demonstrates that the “Xiannong Dreamscape” serious game effectively
enhances participants’ knowledge of agricultural practices and the Xiannong Altar, with
significant improvements in correct responses to knowledge-based questions and a strong
influence on behavioral intentions toward food conservation. The game’s immersive
learning approach, particularly its hands-on experience with agricultural processes, was
highly influential in knowledge retention. In contrast, cultural heritage knowledge, con-
veyed primarily through text, showed more modest gains. Behavioral analysis revealed
increased awareness and favorable attitudes towards sustainable practices, particularly
in areas related to food conservation, with significant improvements in perceived behav-
ioral control. Feedback from semi-structured interviews confirmed the game’s success in
engaging participants. It highlighted its potential as a tool for cultural heritage educa-
tion, though recommendations were made to enhance its educational and entertainment
value through features like VR integration and multiplayer options. These findings under-
score the game’s dual role in education and behavior modification and point to areas for
further enhancement.

6.4. Results of Semi-Structured Interviews

A total of 30 participants were interviewed using semi-structured interviews to assess
the efficacy and user satisfaction of the “Xiannong Dreamscape” serious game. The feedback
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received regarding the game’s architectural correctness and ability to give an immersive
experience resembling the actual Xiannong Altar was overwhelmingly good. P6 stated:
“I have visited Xian Nong Tan before, and the scenes in the game are truly identical to the real
ones, offering an accurate representation. Moreover, there are many details that I overlooked during
my visit, which I can now explore more comprehensively and in greater detail through the game”.
Participants highlighted that the game format significantly increased their involvement in
cultural heritage learning, enabling them to concentrate for extended periods and absorb
knowledge more effectively than traditional techniques like visiting sites and reading
literature. P21 stated: “When I visited the site in person, I completely forgot the exhibition text.
In the end, all I remembered was the image of the building itself, but it wasn’t very clear because
ancient Chinese royal architecture looks similar, and the Forbidden City is much more magnificent.
As for its historical context, I have no recollection at all”. P23 stated: “I have a strong interest in
ancient Chinese history and architecture, but when reading the books I bought about Xian Nong
Tan, I really struggled to get into them. I remember that in one week, I only read six pages. However,
this game is different. It successfully captures my attention, and I’ve learned knowledge through
playing”. This response highlights the capacity of serious games to serve as a powerful
instrument for cultural heritage education, with the ability to generate captivating and
lasting learning encounters.

Although the game was generally well-received, participants pointed out certain
aspects that may be improved to boost its educational and entertaining value. The main
suggestions include enhancing the game’s entertainment features to balance its educational
content, particularly for students who frequently play games. P3 stated: “I think this game is
too educational. If given a choice, I wouldn’t play it voluntarily. It should incorporate some fun
mechanisms, such as multiplayer interaction, team collaboration to complete tasks, and point-based
competitions”. P17 stated: “I think the game’s graphics are decent but not stunning; they lack visual
impact. I now play VR games, and if VR technology were used, it would be much better”. Therefore,
it is recommended to integrate virtual reality (VR) technology to more effectively showcase
the grandeur of Xian Nong Tan’s architecture and to introduce multiplayer interaction,
increasing competitiveness and social elements, thereby enhancing the game’s entertain-
ment value. These proposals emphasize the significance of consistently improving serious
games to sustain user interest while optimizing their educational influence. The feedback
also highlights the changing demands of users in educational gaming, underscoring the
importance of achieving a flexible equilibrium between immersive technology, engaging
gameplay, and instructional material in future versions of serious cultural heritage games.

7. Discussion
The study of “Xiannong Dreamscape” as a serious game for cultural heritage edu-

cation provides valuable insights into the effectiveness of gamification in preserving and
disseminating cultural knowledge. The results demonstrate that the game successfully
achieved its primary objectives, aligning with previous research on the potential of serious
games in educational contexts. Mortara et al. (2014) [60] noted that serious games offer
immersive experiences that traditional educational methods often lack, a finding strongly
supported by the positive reception of “Xiannong Dreamscape” among participants. The
game’s success in improving participants’ knowledge of agricultural practices and the Xi-
annong Altar’s cultural significance corroborates the findings of Anderson et al. (2010) [88],
who emphasized the capacity of serious games to engage users with historical and cultural
narratives. The significant improvement in agricultural knowledge aligns with the work of
Petrucco and Agostini (2016) [89] and Camuñas-García et al. (2023) [1], highlighting the
potential of mobile game-based learning in cultural heritage education. The game’s ability
to simulate agricultural practices and decision-making processes provided a hands-on
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learning experience, supporting the notion that experiential learning through games can
enhance understanding and retention of cultural knowledge.

Implementing the Applied Games Engagement Model (AGEM) in “Xiannong Dream-
scape” proved crucial to its success. This aligns with the research of Kniestedt et al.
(2022) [71], who proposed AGEM as a comprehensive framework for designing engaging
and educational games. The balance between narrative (diegesis) and gameplay mechanics
(mimesis) in “Xiannong Dreamscape” created an immersive learning environment, effec-
tively integrating educational content into gameplay. This approach successfully addressed
the challenge of maintaining player engagement while delivering educational content, a
common issue in serious game design as identified by various researchers in the field.
The study’s findings regarding the game’s impact on behavioral intentions related to food
conservation and sustainable practices are particularly noteworthy. This outcome aligns
with the growing body of research on the potential of serious games to influence real-world
behaviors, as discussed by Cui and Mousas (2021) [90] and Yun (2023) [91]. The game’s
ability to impart knowledge and potentially influence attitudes and behaviors underscores
the transformative potential of serious games in addressing complex societal issues, such as
cultural preservation and sustainable agriculture. However, the study also revealed areas
for improvement, particularly in balancing entertainment value with educational content.
This challenge is not unique to “Xiannong Dreamscape” and reflects a broader issue in
serious game design, as noted by Persico et al. (2019) [92]. Participants suggested increasing
the game’s entertainment to enhance engagement and incorporating new technologies to
elevate the overall experience. The feedback from participants indicates a desire for a more
dynamic interaction that could further enrich the educational content. A mixed-methods
approach comprehensively evaluated the game’s impact by combining quantitative as-
sessments with semi-structured interviews. This methodological approach aligns with
best practices in serious game research, as advocated by researchers like Hanes and Stone
(2019) [93]. The combination of quantitative data on knowledge acquisition and qualitative
insights into user experience offers a nuanced understanding of the game’s effectiveness
and areas for improvement. One unexpected finding was the differential impact of the
game on agricultural knowledge versus cultural heritage knowledge of the Xiannong Altar.

The more significant improvement in agricultural knowledge compared to cultural
heritage knowledge suggests that the game’s design may have conveyed practical, experi-
ential knowledge more effectively than abstract cultural concepts. This finding highlights
the need to carefully consider how different types of knowledge are presented and experi-
enced within serious games. This point has not been extensively explored in the previous
literature on cultural heritage games. The study’s results also underscore the potential
of serious games to address the challenge of preserving and disseminating intangible
cultural heritage, a concern highlighted by UNESCO and various cultural heritage scholars.
By creating an interactive, engaging platform for learning about traditional agricultural
practices and the cultural significance of the Xiannong Altar, “Xiannong Dreamscape”
demonstrates how digital technologies can bridge the gap between historical knowledge
and contemporary learners. This study points to several directions for future research
and development in serious games for cultural heritage education. The suggestion from
participants to incorporate multiplayer and competitive elements aligns with emerging
trends in educational game design, as discussed by Politopoulos et al. (2019) [94].

Future iterations of the game could explore how collaborative and competitive game-
play mechanics might further enhance engagement and learning outcomes. Additionally,
the potential integration of virtual and augmented reality technologies reflects the broader
trend of technological advancement in heritage education noted by King et al. (2016) [95].
However, as the study results indicate, it is crucial to maintain a balance between techno-
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logical innovation and cultural authenticity. Future research could explore how advanced
technologies can be integrated into serious games while ensuring that the cultural narrative
remains at the forefront of the user experience. The lessons learned from this study can be
applied more broadly to serious game design and cultural heritage education. Recommen-
dations for future development include creating a balance between educational content and
entertainment value, possibly through more varied gameplay mechanics and interactive
elements. Additionally, exploring the integration of advanced technologies like VR and AR
while ensuring that these enhancements support the cultural narrative will be crucial.

By integrating advanced digital technologies with cultural narratives, the game exem-
plifies how serious games can effectively preserve and disseminate cultural knowledge,
offering immersive and interactive platforms that enhance learning experiences. The
successful application of the Applied Games Engagement Model (AGEM) highlights the
importance of designing educational games that balance narrative and gameplay mechanics
to maintain player engagement and deliver educational content effectively [96]. The game’s
impact on participants’ knowledge of agricultural practices and the cultural significance of
the Xiannong Altar demonstrates the transformative potential of serious games in engaging
users with historical and cultural narratives. Furthermore, the game’s ability to influence
behavioral intentions related to food conservation and sustainable practices underscores its
broader societal benefits [71]. By addressing challenges in preserving intangible cultural
heritage and exploring the integration of emerging technologies, the study contributes
valuable insights into the potential of serious games to drive innovation and economic
value in the cultural and creative industries.

Developing more nuanced approaches to presenting different types of cultural knowl-
edge within the game environment, particularly for abstract or conceptual information,
will also be essential. Incorporating multiplayer and collaborative elements to enhance
engagement and foster a sense of community around cultural learning will further enrich
the player experience. While the study provides valuable insights, it is important to ac-
knowledge its limitations. The research was conducted with a specific demographic group
and focused on a single cultural heritage site. Future studies could benefit from a broader,
more diverse participant base and the inclusion of multiple cultural heritage contexts to
enhance the generalizability of the findings. Additionally, long-term studies could provide
insights into the sustained impact of serious games on cultural knowledge retention and
behavioral changes beyond the immediate post-game period.

8. Conclusions
The study on “Xiannong Dreamscape” signifies notable progress in utilizing severe

games for cultural heritage education. The game provides an immersive learning ex-
perience by centering on the Xiannong Altar, a site of significant historical and cultural
significance in Chinese agricultural history. This approach surpasses conventional instruc-
tional approaches. This approach is consistent with the increasing amount of research
that emphasizes the potential of serious games to involve learners in intricate cultural
and historical narratives. Research conducted by Mortara et al. (2014) [60] and Anderson
et al. (2010) [88] has shown that serious games provide distinct advantages for experiential
learning. These games enable players to engage with historical concepts and practices in a
manner that surpasses the capabilities of static exhibitions or textbooks. “Xiannong Dream-
scape” expands upon these discoveries by offering a platform that allows players to actively
participate in agricultural techniques and cultural customs linked to the Xiannong Altar.

The game’s concept, which integrates food preservation and agricultural expertise
components, tackles current issues by grounding them in a historical framework. This
method demonstrates a nuanced comprehension of how cultural heritage can be pertinent
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to contemporary audiences, a difficulty acknowledged by scholars such as Cui and Mousas
(2021) [90] in their research on safeguarding and promoting Chinese intangible cultural
heritage using digital games. “Xiannong Dreamscape” showcases the capacity of serious
games to effectively communicate knowledge and shape attitudes and behaviors around
sustainable practices and cultural preservation by seamlessly blending educational content
with captivating gameplay mechanics. This is consistent with the research conducted by
Nadir, H. (2024) [97], which highlights the significance of integrating cultural heritage and
gaming experiences to captivate younger generations.

Moreover, the creation and execution of “Xiannong Dreamscape” contribute to the
broader discussion on the function of digital technologies in protecting and teaching cul-
tural heritage. According to King et al. (2016) [95], engaging with heritage digitally can
provide novel cultural value and enhance comprehension. The game’s triumph in enhanc-
ing players’ understanding and potentially shaping their perspectives on food preservation
and cultural legacy highlights the transformative capacity of meticulously crafted educa-
tional games. This demonstrates how digital resources can effectively tackle the difficulties
of preserving and educating about culture in the modern period. It establishes a model
for future projects that connect traditional cultural practices with current learning ap-
proaches. This research enhances educational technology and provides new opportunities
for investigating the convergence of gaming, cultural studies, and heritage preservation.

This research underscores the transformative potential of serious games in cultural
heritage education, aligning with the broader goals of fostering innovation and knowledge
dissemination through digital technologies. The game effectively engages learners with
complex cultural and historical narratives by offering an immersive learning experience
centered on the Xiannong Altar, surpassing conventional instructional methods. This
approach is consistent with research emphasizing the advantages of serious games for
experiential learning, as they allow players to actively participate in agricultural tech-
niques and cultural customs [98]. The integration of food preservation and agricultural
expertise within a historical context demonstrates the relevance of cultural heritage to
contemporary audiences, addressing current issues and shaping attitudes toward sustain-
able practices [99]. Furthermore, the game’s success in enhancing players’ understanding
highlights the role of digital technologies in cultural preservation and education, providing
a model for future projects that connect traditional cultural practices with modern learning
methodologies [100]. This research contributes to the development of educational technol-
ogy and opens new avenues for exploring the intersection of gaming, cultural studies, and
heritage preservation, ultimately supporting the growth of a more informed and culturally
aware society.

9. Limitations and Directions for Future Research
Future research should develop more refined methods for presenting different types

of cultural knowledge within game environments, particularly for abstract or conceptual
information. The integration of virtual reality (VR) and augmented reality (AR) technolo-
gies holds significant potential for creating more realistic and immersive game scenarios,
enhancing players’ sensory experiences. Incorporating multiplayer and collaborative el-
ements could further strengthen player engagement and foster a sense of community
centered around cultural learning, thereby enriching the overall player experience. While
this study provides valuable insights, certain limitations must be acknowledged. The
research primarily focused on a highly educated population, limited to undergraduate and
above, and concentrated on a single cultural heritage site. This narrow scope may affect the
generalizability of the findings. Future studies could expand the participant pool to include
a more diverse range of demographic groups and investigate multiple cultural heritage
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contexts to enhance the robustness and applicability of the results. Moreover, longitudinal
studies are recommended to examine the long-term impact of serious games on cultural
knowledge retention and behavioral change, moving beyond the assessment of short-term
effects observed immediately after gameplay. Such an approach would offer deeper insights
into the enduring influence of serious games on cultural learning and engagement.
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Appendix A. Knowledge Questions

Knowledge Questions

Traditional Rice Cultivation Knowledge

Pre-Post: Which of the following is not a rice processing tool:

- Stone mill

- Blower

- Wooden pestle

- Plough

Post: The first step in rice planting primarily involves:

- Pest control

- Weeding

- Land preparation

- Fertilizing

Pre-Post: After harvesting, rice needs to be dried. The typical duration for drying seeds is:

- 0.5–1 days

- 1–2 days

- 2–3 days

- 3–4 days

Post: The suitable temperature and humidity for rice sowing are:

- Above 5 ◦C; around 50% humidity

- Above 10 ◦C; around 60% humidity

- Above 15 ◦C; around 70% humidity

- Above 20 ◦C; around 80% humidity
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Knowledge of the Xiannong Altar

Pre-Post: Which of the following buildings does not belong to the Xiannong Altar:

- Taisui Hall Complex

- Hall of Supreme Harmony

- Kitchen for Preparing Sacrifices

- Storehouse for Preparing Sacrifices

Post: The function of the Qingcheng Hall Complex is:

- Resting

- Worship

- Processing food

- Storing food

Pre-Post: The Tai Sui Hall is a grand hall for worship, and the deity worshipped there is:

- Xiannong

- Taisui associated with the natural gods of spring, summer, autumn, and winter

- FuXi

- Gnome

Post: The Temple of Agriculture encapsulates a rich ideological content, except:

- A respect for the cosmic order

- A recognition of the importance of agriculture

- Worship of the emperor

- A worship of nature

Appendix B. Behavioral Questions

Behavioral Questions

1. Attitude

I find that achieving a bumper grain harvest is a difficult task.

I find that saving food is an important action to address the food crisis.

For me, the Clean Plate Campaign is an important habit.

For me, learning different methods of cultivation through games is useful and interesting.

2. Subjective Norms

I am more motivated to play this game because my friends are playing it as well.

People who l appreciate would encourage me to save food.

People who l think highly of would encourage me to participate in theClean Plate Campaign.

Most people who are important to me would support my participation in organic farming.

3. Perceived Behavioural Control

I believe as an individual, l can contribute to alleviating the food crisis.

I am confident that if l want, l can save rather than waste food.

I have enough opportunities to reduce food waste.

I am confident that l can reduce food waste through planned purchasing of food.

4. Behavioural Intention

I intend to donate surplus food to those in need.

I intend to regularly check the expiry dates of food, use food that is about to expire, and avolo waste.

I am willing to complete the game to learn more about the different ways of confrontingthe issue of food crises.

I am willing to do my part to fight against food crisis.
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