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Figure 1: Human-plant Symbiosis Scenario Using the DeGov4VC Platform Interface. 

ABSTRACT 
Does the decentralized nature of user behavior in interactive vir-
tual communities help create rules promoting user engagement? 
Through scenarios like planting, this framework suggests a new 
paradigm for mutual infuence that allows users to impact com-
munities’ political decisions. Sixteen participants in the frst round 
of interviews were involved in the framework’s creation. Then 
we developed and implemented our framework in the community 
with the help of other stakeholders. This proof-of-concept creates 
user groups using information from users’ daily activities as input 
and grows the green plants in a virtual environment. Finally, we 
involved AI agents and stakeholders in the framework test and 
iterations. Our study’s user evaluation of a few key stakeholders 
demonstrates how our strategy enhances user viscosity and experi-
ence. Via human-planting ecosystems in a virtual community, this 
research gives a fresh viewpoint on decentralized governance and 
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an engaging method for co-creating interactive ecological commu-
nities. 

CCS CONCEPTS 
• Human-centered computing → Human computer interac-
tion (HCI); Interactive systems and tools; Empirical studies in HCI ; 
Virtual reality. 
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tralized, Agent-based Simulation 
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1 INTRODUCTION 
In recent years, how to promote users’ interactive co-creation be-
havior in a VR approach and better engage users in the co-decision-
making process in online communities is becoming a focus of at-
tention [22, 38]. New methods of involving users in the interactive 
co-creation process have proven necessary to ensure the creativity 
and longevity of communities [8, 17]. Many studies have pointed 
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Figure 2: Users or AI Agents Plants in the Virtual Community by Simulating. From Left to Right: Growing Plants From Sapling 
to a Tree. 

out that this way of co-creation can provide value to participants 
and communities engaged in the policy-making process [1, 31]. 
Various scenarios need co-creation with users’ participation in 
developing communities [25]. 

In the development of communities, many scenarios need co-
creation with users’ participation [3]. Recent HCI research promotes 
symbiosis with plants as an integral approach to the development 
of communities [2, 13, 21]. Communities in which can act as one 
system or as a collection of one or more continuously evolving 
and changing systems. In this, the relationship between plants and 
people is mutually benefcial and is in a dynamic state of change, in 
which the process of human participation and co-creation becomes 
important. In virtual and physical communities, if interactive co-
creation processes are to engage and support cooperative symbiosis 
with nature, we believe they must be placed in such combinations 
and decision-making processes. 

Therefore, how can users be encouraged to engage in public 
activities and participate in the decision-making process in the 
community? Specifcally, what gathering forms of decentralized 
governance in virtual and physical communities can better promote 
the interactive co-creation process, taking human-plant symbio-
sis in both virtual and physical nature as a scenario, have been 
signifcant research problems. Thus, our research contributes as 
follows: 

• Promote a decentralized approach to governance, helping 
people gain a new concept of decentralized decision-making 
and a more desirable interactive co-creation community. 

• Create an interactive VR co-creation platform, allowing 
users to perceive community change through voting. Taking 
human-plant symbiosis as one of the various scenarios, we 
emphasize creativity in the design process. 

• Design a framework in the interactive decision-making pro-
cess through simulation to assist stakeholders with co-design 
in the virtual community and evaluate co-design impact 
through agent-based simulation. 

2 RELATED WORKS 
Decentralized governance and Decentralized Autonomous Organi-
zations(DAOs) are innovative approaches that can enhance decision-
making processes and promote community collaboration. As a new 
form of decentralized governance, a DAO holds the community 
members’ interests and enforces a set of shared rules assigned in 

code [11]. Its purpose is to balance and optimize the interests of 
both individuals and the community [6]. 

These groundbreaking concepts have received increasing atten-
tion in research communities, particularly in the feld of HCI. With 
a collective decision-making structure, they naturally align with 
the principles of co-creation, empowering participatory design pro-
cesses to actively engage in collaborative decision-making. Elsden 
et al. [12] arguably identifed the immense potential of these tech-
nologies in engaging participants and facilitating HCI design with 
blockchain technology. Besides, interactive tools have the capacity 
to leverage their power, enabling even greater engagement and 
participation from individuals and communities. By employing an 
interactive interface, decentralized governance can enhance the 
understanding of user needs by involving the public in the design 
decision-making process [37]. 

In recent years, there has been a growing interest in the role 
of community and co-creation in VR [33]. Various studies aim to 
explore the current research on VR community and co-creation in 
HCI and its implications for future research [3, 29]. Some examine 
the role of community design in VR and how it can enhance the 
user experience by conducting a case study of a VR community 
design project and found that community involvement increased 
the engagement and satisfaction of users [28]. While others pro-
pose a design framework for co-creation in VR, which emphasizes 
the importance of collaboration between designers and users, and 
highlights the importance of user involvement in the design pro-
cess [7], revealing that co-creation can lead to more engaging and 
user-centered experiences. 

The integration of VR technology into co-creation provides 
more immersive and interactive experiences for participants [32]. 
Imottesjo and Kain [18] presented a 3D modeling platform com-
bining web-based VR and mobile augmented reality for urban co-
design, emphasizing the necessity of engaging diverse stakeholders 
and simulating design impact in public space design. Simulation 
plays a vital role in this process, allowing participants to explore var-
ious decision-making outcomes and evaluate the potential impact 
of proposed changes within the decentralized co-creation system. 
An agent-based simulation [26] is widely recognized as one of the 
most efective and popular simulation technologies for studying 
complex socio-environmental systems and human decision-making, 
e.g., 3D crowd simulation by Belief–desire–intention(BDI) model 
[34], and decentralized governance simulation in proof-of-stake 
blockchain system[24]. 
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Table 1: Co-design Workfow. 

Co-design Phase Stakeholders Activity Aim 

Phase1:Concept First round eight partic- User interview Collect and summary what users expect in our inter-
generation ipants active system. 
Phase2:Framework Community,government, System design Develop and implement framework in online and 
Creation and designers ofine community. 
Phase3:Test and Community, AI agents, User evaluation Verify that our interactive system improves user vis-
Iteration and government cosity and user experience in more scenarios. 

Although various literature proves that co-creation in VR allows 
remote participants to collaborate in shared virtual environments, 
some challenging problems, such as incentivizing public engage-
ment, facilitating decision-making, and evaluating co-creation im-
pacts, are still pending. Decentralized governance and agent-based 
simulation can provide a signifcant chance to address these chal-
lenges and actualize the full potential of bottom-up involvement 
in virtual community design. These approaches pave the way for 
more inclusive and efective virtual community design processes. 

3 CONCEPT AND DESIGN PRINCIPLES 

3.1 Concept 
This study focuses on two main aspects: human-machine collabo-
ration and decentralized governance, with the aim of facilitating 
web communities’ participation in decision-making and interactive 
co-creation. The objective of this paper is to provide both an artistic 
and computational exploration of potential future interfaces that 
are co-created by users and AI agents. Additionally, it delves into 
the realm of using plant growth as a case study to examine the 
dynamics of virtual and physical communities. 

In this context, users are considered members of both the virtual 
and physical communities, and their behavior within the virtual 
community has tangible efects on the properties of the physi-
cal community. Conversely, real-time updates from the physical 
community are refected within the virtual community. This in-
terconnectedness underscores the importance of co-creation and 
co-decision-making in fostering a sense of interactivity and mutual 
infuence between the two domains. To realize these objectives, 
the study proposes a framework that establishes a connection be-
tween users, AI agents, and a design framework. This framework 
serves as the basis for constructing an independent virtual art com-
munity. Through this framework, a new virtual interface will be 
created within the collaborative and co-creative virtual reality (VR) 
realm[15]. 

By leveraging the potential of human-machine collaboration 
and decentralized governance, the study seeks to empower web 
communities to actively participate in decision-making processes 
and engage in interactive co-creation. The artistic and computa-
tional exploration of future interfaces co-created by users and AI 
agents adds a visionary dimension to the research. Furthermore, 
the investigation of plant growth as a case study provides insights 
into the intricate dynamics of virtual and physical communities, 
highlighting the potential for cross-pollination and mutual infu-
ence. 

Ultimately, the study’s proposed framework and the subsequent 
creation of a new virtual interface in the co-creative VR realm 
aim to foster a collaborative and interactive environment where 
users can actively engage with AI agents and participate in the 
construction of a virtual art community. This research contributes 
to the ongoing exploration of innovative ways to enhance web 
communities’ decision-making capabilities and their potential for 
co-creative endeavors in both virtual and physical realms. 

3.2 Design Principles 
Our design principles for the interactive co-design system are im-
plemented through the following key aspects: 

• Decentralization: The design philosophy of our frame-
work revolves around decentralization[35]. Unlike conven-
tional frameworks that adopt a top-down approach, our 
system takes a bottom-up perspective, transforming the 
decision-making process into a collective behavior. By dis-
tributing decision-making power among the community 
members, we aim to foster a sense of ownership and col-
laboration within the design process. 

• Scenarios: To illustrate the decision-making dynamics be-
tween the community and users, we utilize the symbiotic 
scenario of humans and plants as a design case. This sce-
nario serves as a context for exploring how decisions can 
be made within the community based on expected behav-
iors and various interactions between users and the natural 
world. By examining this scenario, we can uncover insights 
into the complex relationship between virtual and physical 
communities. 

• Co-creation approach: Our framework promotes and en-
courages the co-creation of virtual communities by both 
users and AI agents. Within the virtual community, users 
have the opportunity to engage in various processes such as 
planting, as depicted in Figure 2. This collaborative interac-
tion between users and AI agents in the decision-making and 
co-creation processes contributes to the creation of a more 
symbiotic community. By leveraging the capabilities of AI 
agents, users can receive assistance and guidance throughout 
the physical and virtual community creation processes. 

• User's experience: One of our keys focuses is to prioritize 
a better human-centered experience for users. We emphasize 
the visibility and feasibility of users’ feedback within the 
decision-making and co-creation processes. By providing 
users with meaningful ways to express their opinions and 
preferences, we aim to create a system that truly refects 
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Figure 3: Flowchart of DeGov4VC Framework in Symbiosis Community. 

their needs and aspirations. This user-centered approach 
enhances the overall engagement and satisfaction of partici-
pants, facilitating a more efective and inclusive co-design 
system. By incorporating these design principles, our interac-
tive co-design system empowers users to actively participate 
in decision-making, co-creation, and community-building 
processes. Through decentralization, scenario-based explo-
ration, co-creation approaches, and a focus on user experi-
ence, we strive to create a framework that enables collabora-
tive and symbiotic interactions between humans, AI agents, 
and the virtual community. 

4 CO-DESIGN SYSTEM 
The proposed decentralized governance for the virtual community 
(DeGov4VC) emphasizes a decentralized approach with virtual re-
ality technology that connects all stakeholders and decisions. This 
connects stakeholders in a decentralized way, including community 
residents, community managers, government, and designers. Such 
a diverse group of stakeholders had diferent needs and goals in 
the system design. Therefore, we adopted an interactive co-design 
approach [5] to learn from policy decisions, decentralization, and 
community residents and their desired experience of human-plant 
symbiosis. The co-design process focused on two main issues: 

• Identify the shared expectations of multiple stakeholders for 
a human-plant symbiotic virtual community. 

• Make an interactive decision-making process from multiple 
opinions and get optimal design results. 

In addition, to systematically understand the needs of users 
and managers and design appropriate virtual communities, our 
research and design path for the DeGov4VC framework is divided 
into three phases: the concept generation phase, the framework cre-
ation phase, and the test and iteration phase. All these three stages 

can help various stakeholders better participate in our commu-
nity framework’s design and construction process and interactively 
carry out design iterations and updates in real-time, as shown in 
Table 1 and will be discussed in detail in the discussion section. 

5 IMPLEMENTATION 
As shown in Figure 4, the DeGov4VC implemented a virtual com-
munity with AI agents and provided a client as a user interface. For 
the client, we will use Unity to develop the front end for map visu-
alization and user interactivity, as shown in Figure 1. Specifcally, 
we will use scan-to-BIM to retrieve the digital twin of a physical 
community and reproduce its model in Unity, which can realize 
real-time 3D interactive content creation and operation platform 
[19] and realize digital twinning and interactive community co-
creation of multiple scenarios on it. We will mark the plantable area 
and design several patterns to indicate plant status and also use 
the GAMA platform [10] to develop the AI agent. Following the 
BDI [4, 27] paradigm (which allows agents to make decisions), we 
will develop and generate AI agent instances to communicate with 
Unity using the MQTT protocol (e.g., to receive the user’s input 
and send the agent’s decision). 

In the human-machine co-creation process, we use a parameter-
ized decentralized governance policy to regulate the community 
co-creation process, which determines the community structure 
and the collective decision-making process. In addition, the out-
comes in the virtual community will infuence the decision to plant 
in the physical world. As decisions are made, we will collect feed-
back data from virtual (online) and physical (ofine) communities 
to form a dataset and use optimization algorithms (e.g., ofine rein-
forcement learning [14, 20]) to iteratively optimize the community’s 
parameterized decentralization policy. 

Furthermore, we conduct user studies on whether user creativ-
ity, engagement, and stickiness are enhanced by a better online 
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Figure 4: Relationship Diagram of DeGov4VC Framework. 

community policy, using a combination of questionnaires, inter-
views, signifcance analysis, and semiotic analysis to validate our 
designs. We use methods such as interviews and usability testing to 
qualitatively study users’ experiences in our community [36]. We 
conduct quantitative research using methods such as surveys and 
formal experiments to measure user behavior in a way that can be 
statistically analyzed. Combining qualitative and quantitative meth-
ods [23], we conduct user research to verify that our system really 
allows users to co-create and generate a better user experience. 

6 DISCUSSION 
AI is more productive than humans[16], this paper introduces a 
creative and interactive design framework to improve decentralized 
governance for the virtual community by combining the collabo-
rative creation and policy decisions of real users and AI agents, as 
can be seen in Figure 3, which shows the workfow of how difer-
ent stakeholders will collaborate and interact in our system. The 
"DeGov4VC" system helps us simulate behavior in virtual reality 
communities, giving virtual communities more functionality and 
enabling users to interact more deeply and meaningfully with the 
VR environment. 

Through feedback from co-creation participants, we gained valu-
able insight into how our system caters to diferent stakeholders. 
Diferent communities have well received our framework. This is 
consistent with past research highlighting the importance of incor-
porating new technologies into the creative process [30, 37]. The 
manager also gave positive feedback on how this system can efec-
tively help to make the decision-making process. Finally, residents 
responded positively to the interactivity of the framework and their 
ability to engage with the decision-making process in both online 
and ofine communities. However, some audience members sug-
gested that the framework be more open. For instance, encourage 
and facilitate open communication among members of this interac-
tive community, foster a sense of inclusively by actively seeking out 
and welcoming diverse perspectives and backgrounds [9], encour-
age collaboration and sharing of resources among members of the 
community, and fnally, regularly evaluate and update the system 
and community based on feedback from users, and be transparent 
about any changes made. Thus, our framework has the potential 

to be further enhanced to meet the needs and expectations of a 
broader range of stakeholders. 

7 CONCLUSION AND FUTURE 
DEVELOPMENT 

This research presents a brand-new design framework for user-
engaged co-creation in online and ofine communities. DeGov4VC, 
a co-creation framework, is implemented by our system to create a 
cooperative symbiosis with nature. The framework investigates a 
decentralized co-creation framework for community co-creation. 
Using the example of human-plant symbiosis, this work reveals a 
more critical perspective on the symbiotic process between broader 
stakeholders and many community scenarios. Our proposed frame-
work will also assist in developing a new concept of decentral-
ized government and a more desirable network-based co-creative 
community. As a result, rather than the existing top-down, non-
decentralized management style in virtual communities, users will 
be involved in creating the community (not just in policy decisions 
related to planting production). Our methodology enhances user 
experience and participation in virtual communities by including 
essential stakeholders in the design process. 

The efectiveness of a better online community policy in user 
inventiveness, engagement, and stickiness will be the subject of 
user studies in future development. We’ll conduct surveys, inter-
views, signifcance analyses, and semiotic analyses to validate our 
designs and reveal the participants’ feelings about making deci-
sions. Additionally, a semiotic analysis of the visual study of various 
plant patterns in an online community would be fascinating. Be-
sides, we think that the use of non-fungible tokens in conjunction 
with user behavior in virtual communities within the metaverse 
has the potential to serve as a reward and punishment framework. 
Finally, we would like to investigate further user-user, user-agent, 
and user-environment interaction techniques in the future. 
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