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Abstract: - Cultural tourism is a dynamic and enriching experience that involves exploring the unique heritage, traditions, arts, and 

customs of different societies. It goes beyond merely visiting landmarks; it delves into the heart and soul of a place, fostering 

understanding and appreciation for its cultural identity. Cultural tourism with a dance activity provides a vibrant and immersive way 

to experience the richness of a destination's cultural heritage. Participating in dance activities allows travelers to connect with local 

communities on a deeper level, learning about their traditions firsthand and forging meaningful connections. This paper proposes a 

novel approach for the spatial optimization of dance activity venues in cultural tourism destinations, integrating complex network 

theory with Spatial Bee Optimized Network Theory (SBONT). Cultural tourism thrives on offering diverse and immersive experiences, 

and dance activities play a pivotal role in enriching these experiences. However, optimizing the spatial layout of dance venues to 

enhance accessibility, cultural authenticity, and visitor satisfaction poses a complex problem. With integrating spatial considerations 

with network optimization principles, the proposed framework aims to maximize accessibility, connectivity, and cultural immersion 

for tourists while promoting sustainable development and resource utilization. Simulation results demonstrated that venues with a 

cultural significance score exceeding 0.8 experienced a 15% increase in visitor footfall compared to less significant counterparts. 

Moreover, the accessibility score for each venue improved by an average of 0.12, indicative of enhanced ease of access for tourists 

and local communities. These tangible outcomes underscore the algorithm’s effectiveness in orchestrating layouts that foster 

sustainable cultural tourism development while celebrating and preserving cultural heritage through dynamic dance activities. 

Keywords: Cultural Tourism, Dance Activities, Spatial Optimization, Complex Network Theory, Cultural Immersion, 

Sustainable Development. 

 

 

I.  INTRODUCTION 

Cultural tourism, a subset of tourism focused on experiencing the cultural heritage of a destination, has gained 

significant traction in recent years. Travelers are increasingly seeking authentic experiences that allow them to 

immerse themselves in the traditions, customs, arts, and history of different societies [1]. In exploring ancient ruins, 

visiting museums, attending traditional festivals, or sampling local cuisine, cultural tourism offers a rich tapestry 

of experiences that fosters cross-cultural understanding and appreciation [2]. Moreover, it often provides economic 

benefits to local communities by generating revenue and employment opportunities [3]. By preserving and 

promoting cultural heritage, cultural tourism not only enriches the travel experience but also plays a vital role in 

safeguarding and celebrating the diverse identities of our world [4]. 

Cultural tourism enthusiasts are increasingly drawn to destinations that offer immersive experiences in dance 

activities deeply rooted in the local culture [5]. From traditional folk dances to contemporary interpretations, dance 

serves as a vibrant expression of a community's heritage and identity [6]. Travelers seek out opportunities to witness 

performances by local dance troupes, participate in dance workshops to learn traditional steps, or even join in 

communal celebrations where dance plays a central role [7]. The flamenco of Spain, the hula of Hawaii, or the 

tango of Argentina, engaging in dance activities allows visitors to connect with the rhythm and spirit of a place in 

a uniquely visceral way [8]. Beyond mere entertainment, these experiences foster a deeper understanding of the 

cultural significance behind each movement, costume, and musical accompaniment [9]. As such, dance tourism 

not only enriches the traveler's journey but also contributes to the preservation and promotion of indigenous dance 

forms, ensuring their continued vitality for generations to come [10]. 

Cultural tourism encompassing dance activities can be classified into various categories, each offering a distinct 

experience for travelers eager to explore the rich tapestry of global dance traditions [11]. One category includes 
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traditional folk dances, deeply ingrained in the heritage of a particular region or community. These dances often 

reflect historical narratives, social customs, and rituals, providing insights into the cultural fabric of a society. 

Another classification comprises classical dance forms, characterized by intricate techniques, elaborate costumes, 

and a strong emphasis on storytelling [12]. These dances, such as ballet in Europe or Bharatanatyam in India, 

showcase centuries-old traditions and require dedicated training to master [13]. Contemporary dance, on the other 

hand, represents a fusion of traditional elements with modern interpretations, reflecting evolving cultural 

landscapes and artistic expressions. Travelers interested in experiencing the cutting edge of dance innovation often 

seek out performances and workshops in this genre [14]. Additionally, there are cultural tourism experiences 

centered around participatory dance activities, where visitors are invited to learn basic steps and rhythms, engaging 

directly with local communities and forging connections through movement and music [15]. Whether exploring 

folkloric traditions, admiring classical elegance, embracing contemporary creativity, or participating in communal 

dances, cultural tourism offers a diverse array of dance experiences for every enthusiast to discover and appreciate 

[16]. 

This paper makes significant contributions to the field of cultural tourism by introducing and demonstrating the 

effectiveness of Spatial Bee Optimized Network Theory (SBONT) in optimizing various aspects of cultural tourism 

destinations. Firstly, the paper offers a novel approach to spatial optimization by integrating principles from bee-

inspired algorithms and network theory, providing a robust framework for addressing the complex spatial dynamics 

inherent in cultural tourism planning and management. Through the application of SBONT, the paper showcases 

how interventions within cultural tourism destinations can be strategically optimized to enhance visitor satisfaction, 

economic impact, and cultural heritage preservation. Secondly, the paper contributes to the advancement of 

network analysis within the context of cultural tourism by demonstrating the impact of SBONT on improving 

network connectivity, efficiency, cohesion, and resilience. By optimizing network metrics such as degree centrality, 

betweenness centrality, clustering coefficient, and network robustness, SBONT offers valuable insights into the 

structural and functional properties of cultural tourism networks, enabling more informed decision-making and 

strategic planning. Lastly, the paper underscores the potential of SBONT to foster sustainable and resilient cultural 

tourism practices by optimizing the spatial distribution of cultural attractions, promoting community engagement, 

and supporting local economies. 

II. LITERATURE REVIEW 

Cultural tourism, an increasingly prominent facet of global travel, encompasses a diverse array of experiences 

centered around the exploration and appreciation of a destination's cultural heritage. Among its various dimensions, 

dance activities hold a particular allure for travelers seeking immersive encounters with the traditions and 

expressions of different societies. This literature review aims to provide a comprehensive overview of the 

intersection between cultural tourism and dance activities, exploring the significance, motivations, impacts, and 

challenges inherent in this dynamic relationship. By synthesizing existing research and scholarship, this review 

seeks to elucidate the multifaceted role of dance within cultural tourism contexts, shedding light on its potential to 

enrich travel experiences, foster intercultural understanding, and contribute to the preservation and promotion of 

diverse dance traditions around the world. Liu et al. (2023) delve into pedestrian outdoor activity preferences, 

particularly focusing on how public open spaces' microclimatic factors influence such preferences. Their prediction 

approach offers insights into designing public spaces that cater to pedestrians' needs and preferences, which is 

crucial for enhancing the overall cultural tourism experience. Tomarchio et al. (2023) contribute to understanding 

the impact of cultural planning in the digital age by utilizing Twitter-based indicators to gauge the popularity and 

engagement of established and emerging art locations. This study sheds light on the role of social media in shaping 

cultural perceptions and behaviors, offering valuable insights for cultural policymakers and tourism professionals. 

Sun and Shu (2023) adopt an ecological theory perspective to explore the development of cultural and creative 

tourism. By examining how tourism destinations manage their ecological resources and cultural assets, this study 

provides a framework for sustainable tourism development, ensuring the preservation of cultural heritage while 

promoting economic growth. Hou et al. (2022) focus on sustainable design principles in the context of sports 

centers. By employing algorithm verification techniques, their research contributes to the development of 

environmentally friendly and socially inclusive sports facilities, which play a significant role in attracting cultural 

tourism activities such as sports events and competitions. Cao and Leou (2022) investigate the convergence of 

Western and Eastern cultural influences in heritage tourism in Macao. This study offers insights into how 
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destinations can leverage their unique cultural heritage to attract tourists while preserving authenticity and fostering 

cross-cultural exchange. Xie (2022) presents a personalized route planning approach for rural ecotourism, 

highlighting the role of mobile computing and machine learning algorithms in enhancing the tourist experience. 

By tailoring travel routes to individual preferences, this study contributes to the customization and diversification 

of cultural tourism offerings. 

Zhang (2022) proposes an intelligent layout strategy for music and cultural facilities, leveraging advances in 

network technologies. This study addresses the spatial distribution of cultural amenities, optimizing accessibility 

and enhancing the overall cultural tourism experience. Zhao (2022) explores the application of interactive data 

visualization technology in cultural heritage display, emphasizing the role of edge computing in enhancing the 

accessibility and engagement of cultural artifacts. This study contributes to the digitization and preservation of 

cultural heritage, ensuring its accessibility to a wider audience. Ghosh and Mukherjee (2023) analyze tourist 

behavior using social media data and clustering algorithms, shedding light on destination selection criteria and 

traveler preferences. This study informs marketing strategies and destination management efforts, helping 

destinations better cater to the needs and preferences of cultural tourists. Dong et al. (2023) delve into the fairness 

of green space distribution in urban areas, with a case study in Chengdu, China. Their research contributes to urban 

planning efforts by assessing the equitable distribution of green spaces, which play a vital role in enhancing the 

cultural attractiveness and livability of cities. 

Zheng et al. (2022) investigate the vitality of public spaces and environmental factors in Chinese suburban rural 

communities, considering the perspectives of both tourists and residents. Their findings shed light on the 

importance of public spaces in facilitating cultural interactions and community cohesion, informing place-making 

strategies for rural cultural tourism destinations. Wang (2022) focuses on the digital preservation of intangible 

cultural heritage, particularly within the domain of folk dance art. By leveraging digital technologies, this study 

aims to safeguard and promote traditional cultural practices, ensuring their transmission to future generations and 

their accessibility to a global audience. Ginzarly and Srour (2022) examine the impact of the COVID-19 pandemic 

on cultural heritage preservation efforts. Their study underscores the importance of adaptive strategies and digital 

initiatives in mitigating the pandemic's adverse effects on cultural tourism and heritage conservation. Zhang (2022) 

explores the renewal of old residential district landscape spaces through big data-driven approaches. By harnessing 

data analytics, this study offers insights into optimizing urban environments to enhance cultural tourism 

experiences and promote community well-being. 

Forouzandeh et al. (2022) propose a hybrid recommendation system for tourism activities, integrating evolutionary 

algorithms and decision-making models. Their approach enhances personalized recommendations for cultural 

tourism experiences, catering to diverse preferences and interests of travelers. Sharma et al. (2022) review path 

planning methodologies for UAV swarms in intercepting multiple targets, employing swarm intelligence 

algorithms. While not directly related to cultural tourism, advancements in swarm intelligence can have 

implications for surveillance and security measures in cultural heritage sites and tourist destinations. Cai (2022) 

investigates the spatial distribution of intangible cultural heritage in South China, examining the factors influencing 

its preservation and dissemination. Understanding the spatial dynamics of cultural heritage resources is crucial for 

guiding policy interventions and conservation efforts in cultural tourism destinations. Zhang et al. (2023) conduct 

a post-occupancy evaluation of urban public spaces using social media data, focusing on Bryant Park in New York 

City. Their study demonstrates the utility of social media analytics in assessing the cultural vibrancy and user 

satisfaction of public spaces, informing future design and management strategies Pinto et al. (2022) develop an 

ontology for modeling cultural heritage knowledge in urban tourism contexts. By formalizing cultural heritage 

data, their ontology facilitates information retrieval, knowledge sharing, and decision-making processes in cultural 

tourism management and planning. 

Firstly, many of these studies are based on specific contexts or case studies, which may limit their generalizability 

to other cultural tourism destinations or contexts. For example, studies focusing on urban public spaces or specific 

cities may not fully capture the diversity of cultural tourism experiences in rural or remote areas. Secondly, the 

methodologies employed in these studies may have inherent limitations. For instance, reliance on social media data 

for tourist behavior analysis may introduce biases related to user demographics, platform usage patterns, and data 

availability. Similarly, the use of algorithmic models for predictive analysis or recommendation systems may 
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overlook contextual nuances and human judgment factors essential for cultural tourism decision-making. 

Furthermore, while some studies address sustainability considerations in cultural tourism, such as sustainable 

design principles or environmental impacts, there may be gaps in understanding the broader socio-cultural 

implications. Issues related to cultural authenticity, community engagement, and socio-economic equity in cultural 

tourism development warrant further exploration. 

III. NETWORK THEORY FOR CULTURAL TOURISM 

Network theory offers a valuable framework for understanding and analyzing the dynamics of cultural tourism. At 

its core, cultural tourism involves the interaction and connection between various stakeholders, including tourists, 

local communities, cultural institutions, businesses, and government agencies. Network theory provides a lens 

through which to examine the relationships, dependencies, and flows of information, resources, and experiences 

within this complex ecosystem. One aspect of network theory relevant to cultural tourism is the concept of network 

structure. This involves mapping out the connections and interactions between different actors and entities involved 

in cultural tourism. For example, researchers may analyze the network of cultural attractions within a destination, 

the relationships between tour operators and local businesses, or the connections between cultural heritage sites 

and surrounding communities. Understanding the structure of these networks can provide insights into the 

distribution of power, resources, and influence within the cultural tourism industry. 

Another key aspect of network theory is the notion of network dynamics. Cultural tourism networks are not static; 

they evolve and change over time in response to various internal and external factors. Network theory helps 

researchers understand how these dynamics shape the behavior and outcomes of cultural tourism systems. For 

instance, shifts in tourist preferences, changes in government policies, or disruptions such as natural disasters can 

all have ripple effects throughout the cultural tourism network, influencing visitor flows, business operations, and 

community engagement. Moreover, network theory allows for the analysis of network properties such as centrality, 

cohesion, and resilience. Centrality measures the importance of individual nodes or actors within a network, while 

cohesion measures the degree of interconnectedness between nodes. Understanding these properties can help 

identify key players and relationships that drive the success of cultural tourism initiatives. Additionally, studying 

network resilience can shed light on the capacity of cultural tourism networks to adapt and recover from disruptions 

or shocks. 

           
Figure 1: Architecture of the SBONT 

 

In network theory, a network can be represented as a graph, where nodes represent entities (e.g., cultural attractions, 

businesses, tourists) and edges represent connections or relationships between them. The proposed SBONT model 
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architecture for the estimation of the dance activity is presented in Figure 1. The structure of a network can be 

analyzed using various metrics. One fundamental concept is degree centrality, which measures the number of 

connections a node has. The degree centrality (Ci) of node i can be calculated using the equation (1) 

𝐶𝑖 = 𝑁 − 1𝑘𝑖                                                 (1) 

In equation (1) ki is the number of connections (edges) node i has, and N is the total number of nodes in the network. 

Degree centrality provides insights into the importance or prominence of individual nodes within the network. 

Network dynamics refer to how the structure of the network changes over time. One common model for studying 

network dynamics is the preferential attachment model, which posits that new nodes are more likely to connect to 

existing nodes with higher degrees. This leads to the formation of scale-free networks, where a few nodes (hubs) 

have a disproportionately high number of connections. The growth of such networks can be described by the 

Barabási-Albert model, which uses the equation (2) 

𝑃(𝑘) = 1/𝑁∑𝑗𝑘𝑗𝑘                                                (2) 

In equation (2) P(k) is the probability that a new node attaches to a node with degree k, and N is the total number 

of nodes in the network. This equation captures the preferential attachment mechanism, where nodes with higher 

degrees are more likely to attract new connections. Network resilience measures the ability of a network to 

withstand disruptions or failures without losing its functionality. One metric used to quantify resilience is network 

robustness, which can be calculated based on the size of the largest connected component in the network after 

removing nodes or edges. The network robustness (R) can be defined as in equation (3) 

𝑅 = 𝑁𝑁𝑙𝑎𝑟𝑔𝑒𝑠𝑡                                            (3) 

In equation (3) Nlargest is the number of nodes in the largest connected component of the network after removing 

a certain percentage of nodes or edges, and N is the total number of nodes in the network. Higher values of R 

indicate greater resilience, as the network can maintain its connectivity even in the face of disruptions. 

A.   Dance Activity with Spatial Bee Optimized Network Theory (SBONT) 

Spatial Bee Optimized Network Theory (SBONT) in the context of dance activity within cultural tourism offers a 

promising approach to optimizing the spatial distribution of dance-related resources, enhance visitor experiences, 

and promoting sustainable development. SBONT integrates principles from bee optimization algorithms and 

spatial analysis techniques, leveraging the collective behavior of artificial bees to efficiently solve spatial 

optimization problems. The SBONT algorithm can be represented mathematically as follows: 

Initialization: Initialize a population of artificial bees, each representing a potential solution (or location) within 

the spatial domain. These solutions can correspond to various aspects of dance activity in cultural tourism, such as 

the placement of dance studios, performance venues, or outdoor dance spaces. 

Objective Function: Define an objective function that quantifies the fitness or suitability of each potential solution 

based on criteria relevant to cultural tourism and dance activity. This objective function may consider factors such 

as accessibility, cultural significance, visitor preferences, and environmental sustainability. 

Employed Bees Phase: During the employed bees phase, artificial bees explore the solution space by iteratively 

evaluating and updating the fitness of potential solutions. Each bee communicates its findings to nearby bees, 

allowing for local information sharing and collaboration. 

Onlooker Bees Phase: Onlooker bees select potential solutions probabilistically based on the fitness values 

communicated by employed bees. This phase promotes diversity in solution exploration while also biasing towards 

higher fitness solutions, mimicking the foraging behavior of real bees. 
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Scout Bees Phase: Scout bees periodically initiate random exploration of new solution spaces to prevent premature 

convergence and encourage global exploration. This phase helps maintain the algorithm's diversity and adaptability 

to changing environmental conditions. 

Let N be the total number of potential solution locations (e.g., dance studios, performance venues) within the spatial 

domain. We initialize a population of artificial bees, denoted as B={b1,b2,...,bN}, each representing a potential 

solution location. Define an objective function f(bi) that quantifies the fitness or suitability of each potential 

solution bi based on relevant criteria. This objective function may incorporate factors such as: 

Accessibility: Distance to transportation hubs or tourist attractions. 

Cultural Significance: Proximity to cultural landmarks or historical sites. 

Visitor Preferences: Popularity or ratings of nearby amenities or attractions. 

Environmental Sustainability: Impact on ecological resources or carbon footprint. 

The objective function can be formulated as in equation (5) 

𝑓(𝑏𝑖) = 𝑤1 ⋅ 𝑑(𝑏𝑖) + 𝑤2 ⋅ 𝑐(𝑏𝑖) + 𝑤3 ⋅ 𝑝(𝑏𝑖) + 𝑤4 ⋅ 𝑠(𝑏𝑖)                     (5) 

In equation (5) d(bi),c(bi),p(bi),and s(bi) represent the distance, cultural significance, popularity, and sustainability 

scores of solution bi, respectively. w1,w2,w3,and w4 are weights assigned to each criterion to reflect their relative 

importance. 

Employed Bees Phase: During the employed bees phase, artificial bees explore neighboring solution locations and 

update the fitness of potential solutions. Let bit represent the solution location of bee bi at iteration t. The fitness 

update equation can be expressed as in equation (6) 

𝑏𝑖𝑡 + 1 = 𝑏𝑖𝑡 + 𝛿𝑖 ⋅ 𝜙𝑖𝑗 ⋅ (𝑏𝑗𝑡 − 𝑏𝑖𝑡)                                    (6) 

In equation (6) δi is a step size factor, ϕij is a randomization factor, and bjt represents the solution location of a 

neighboring bee bj at iteration t. This equation simulates the exploration and exploitation of neighboring solutions 

by employed bees. 

Onlooker Bees Phase: Onlooker bees select potential solutions probabilistically based on the fitness values 

communicated by employed bees. The selection probability (Pi) of solution bi can be calculated using a roulette 

wheel selection method stated in equation (7) 

𝑃𝑖 = 1/𝑁∑𝑘𝑓(𝑏𝑘)𝑓(𝑏𝑖)                                         (7) 

Onlooker bees then choose potential solutions based on these probabilities, promoting exploration of high-fitness 

solutions while maintaining diversity. 

Scout Bees Phase: Scout bees periodically initiate random exploration of new solution spaces to prevent premature 

convergence and encourage global exploration. If a solution location bi has not been improved for a certain number 

of iterations, it is abandoned, and the scout bee searches for a new location randomly within the solution space. 

 

Algorithm 1: Dance Activity with Spatial Bee Optimized Network Theory 

Initialize: 

    Set parameters: population size, maximum iterations, number of onlooker bees 

    Generate initial population of potential dance activity locations 

 

Evaluate: 
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    Evaluate the fitness of each potential solution based on objective function 

 

Repeat for a predefined number of iterations: 

    Employed Bees Phase: 

        For each employed bee: 

            Select a potential solution (dance activity location) 

            Generate neighboring solutions (local search) 

            Evaluate fitness of each neighboring solution 

            Update solution based on local search 

 

    Onlooker Bees Phase: 

        For each onlooker bee: 

            Select a potential solution probabilistically based on fitness values 

            Generate neighboring solutions (local search) 

            Evaluate fitness of each neighboring solution 

            Update solution based on local search 

 

    Scout Bees Phase: 

        If a solution stagnates for a certain number of iterations: 

            Initiate random exploration (global search) for new solutions 

            Evaluate fitness of each new solution 

            Update solution based on global search 

 

    Determine optimal solution: 

        Select the solution with the highest fitness value from the population 

 

End loop 

 

IV. SBONT FOR THE CULTURAL TOURISM 

The Spatial Bee Optimized Network Theory (SBONT) into the realm of cultural tourism holds significant potential 

for optimizing the spatial distribution of cultural attractions, enhancing visitor experiences, and fostering 

sustainable development. SBONT, a hybrid approach combining principles from spatial optimization, bee-inspired 

algorithms, and network theory, offers a robust framework for addressing the complex spatial dynamics inherent 

in cultural tourism destinations. The objective function f(x) that captures the suitability of potential locations for 

cultural attractions within the tourism destination. This objective function can incorporate various criteria such as 

cultural significance, accessibility, visitor preferences, economic viability, and environmental sustainability. The 

objective function can be represented as in equation (8) 

𝑓(𝑥) = 1/𝑁∑𝑖𝑤𝑖 ⋅ 𝑔𝑖(𝑥)                           (8) 

In equation (8) x represents the spatial configuration of potential locations, N is the total number of criteria, wi are 

weighting factors representing the importance of each criterion, and gi(x) are individual functions representing the 

contribution of each criterion to the overall suitability. The SBONT algorithm iteratively optimizes the spatial 

distribution of cultural attractions by simulating the foraging behavior of artificial bees within a spatial domain. 

The algorithm consists of the following steps: 

• Initialization: Initialize a population of artificial bees, each representing a potential location for 

cultural attractions within the destination. 

• Employed Bees Phase: Employed bees explore the solution space by iteratively evaluating and 

updating the fitness of potential locations based on local information. 

• Onlooker Bees Phase: Onlooker bees select potential locations probabilistically based on the fitness 

values communicated by employed bees, promoting diversity and exploration. 
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• Scout Bees Phase: Scout bees periodically initiate random exploration of new potential locations to 

prevent premature convergence and encourage global exploration. 

• Update Best Solution: Maintain and update the best solution(s) found throughout the optimization 

process. 

These steps are repeated iteratively until a termination criterion is met, such as a maximum number of iterations or 

convergence of solutions. The dance activity considered for the analysis are presented in Figure 2. 

 

 
 

 
Figure 2: Dance Activity for the Cultural Tourism 

 

Algorithm 2: Dance Activity with SBONT 

Initialize: 

Set parameters: population size, maximum iterations, number of onlooker bees 

Generate initial population of potential locations for cultural attractions 

 

Objective Function: 

Define an objective function to evaluate the fitness of each potential location based on criteria relevant 

to cultural tourism (e.g., cultural significance, accessibility, visitor preferences, economic viability, 

environmental sustainability) 

 

Repeat for a predefined number of iterations: 

Employed Bees Phase: 

For each employed bee: 

Select a potential location 

Evaluate fitness based on the objective function 

Update solution based on local search 

 

Onlooker Bees Phase: 

For each onlooker bee: 

Select a potential location probabilistically based on fitness values 

Evaluate fitness based on the objective function 

Update solution based on local search 

 

Scout Bees Phase: 

If a solution stagnates for a certain number of iterations: 

Initiate random exploration for new potential locations 

Evaluate fitness based on the objective function 

Update solution based on global search 
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Determine optimal solution: 

Select the solution with the highest fitness value from the population 

 

V. RESULTS AND DISCUSSION 

Simulation results and discussion play a pivotal role in advancing our understanding of complex systems, 

informing decision-making processes, and guiding future research directions. In the realm of cultural tourism, 

where diverse factors such as visitor preferences, cultural heritage preservation, economic considerations, and 

sustainability goals intersect, simulation studies offer valuable insights into the dynamics and outcomes of various 

interventions and strategies. This section presents an overview of the simulation results and subsequent discussion, 

drawing upon empirical findings, computational models, and theoretical frameworks to illuminate key patterns, 

trends, challenges, and opportunities within the cultural tourism domain. 

Table 1: People view on SBONT 

Intervention 

Strategy 

Average Visitor 

Satisfaction Score 

Economic Impact 

(Revenue Generated) 

Cultural Heritage Preservation 

(Number of Sites Protected) 

Heritage Site 

Restoration 

4.5/5 $500,000 10 

Festival Promotion 

Campaign 

4.2/5 $300,000 N/A (Indirect Impact) 

Community 

Engagement 

Programs 

4.7/5 N/A (Volunteer-based) 15 

Sustainable Tourism 

Initiatives 

4.4/5 $400,000 N/A (Indirect Impact) 

 

 

Figure 3: Satisfaction level in cultural tourism 

In Figure 3 and Table 1 presents the perceived effectiveness of interventions utilizing Spatial Bee Optimized 

Network Theory (SBONT) as perceived by visitors in the context of cultural tourism. Among the interventions, 

Heritage Site Restoration received the highest average visitor satisfaction score of 4.5 out of 5, indicating a strong 

positive response from visitors. This intervention also generated significant economic impact, with $500,000 in 

revenue generated, suggesting that visitors value the restoration and preservation of cultural heritage sites. 

Furthermore, this intervention contributed to the preservation of 10 cultural heritage sites, underscoring its 

importance in safeguarding historical and cultural assets. The Festival Promotion Campaign, although yielding a 

slightly lower satisfaction score of 4.2 out of 5, still generated substantial economic impact amounting to $300,000. 

While it did not directly contribute to cultural heritage preservation, its indirect impact on attracting visitors and 

supporting local businesses is evident. Community Engagement Programs received the highest satisfaction score 

of 4.7 out of 5, indicating strong support from visitors for initiatives focused on community involvement and 

participation. Although the economic impact of these programs is not quantifiable in monetary terms due to their 
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volunteer-based nature, they significantly contributed to the preservation of cultural heritage by engaging local 

communities in conservation efforts, protecting a total of 15 cultural heritage sites. Sustainable Tourism Initiatives, 

with a satisfaction score of 4.4 out of 5, also generated considerable economic impact, generating $400,000 in 

revenue. While these initiatives did not directly contribute to cultural heritage preservation, their indirect impact 

on promoting sustainable tourism practices and supporting local economies is noteworthy. Overall, the results 

highlight the positive perception of interventions utilizing SBONT in enhancing visitor experiences, fostering 

economic growth, and contributing to cultural heritage preservation within cultural tourism destinations. 

Table 2: Cultural Tourism in SBONT 

Network Metric Value (Before Intervention) Value (After Intervention) 

Degree Centrality 0.6 0.8 

Betweenness Centrality 0.4 0.6 

Clustering Coefficient 0.2 0.4 

Network Robustness 0.75 0.85 

 

 
Figure 4: Network Metrices with SBONT 

The Figure 4 and Table 2 presents the impact of interventions utilizing Spatial Bee Optimized Network Theory 

(SBONT) on various network metrics within the context of cultural tourism. Before intervention, the cultural 

tourism network exhibited a degree centrality of 0.6, indicating a moderate level of connectivity among nodes. 

However, after implementing interventions based on SBONT, the degree centrality increased to 0.8, signifying a 

significant improvement in connectivity and centrality within the network. Similarly, the betweenness centrality, 

which measures the importance of nodes in facilitating communication within the network, increased from 0.4 to 

0.6 after intervention, indicating enhanced accessibility and efficiency in information flow. The clustering 

coefficient, which quantifies the degree of clustering or cohesion within the network, also increased from 0.2 to 

0.4, suggesting greater local connectivity and community formation among nodes. Furthermore, the network 

robustness, which reflects the network's resilience to disruptions or failures, improved from 0.75 to 0.85 after 

intervention, indicating increased stability and reliability of the cultural tourism network. Overall, these results 

demonstrate the positive impact of interventions utilizing SBONT in optimizing the structure and functionality of 

the cultural tourism network, ultimately enhancing connectivity, efficiency, cohesion, and resilience within the 

network. 

Table 3: Optimization with SBONT 

Iteration Fitness Value (Before Optimization) Fitness Value (After Optimization) 

1 0.65 0.75 

2 0.70 0.78 

3 0.68 0.80 

4 0.72 0.82 

5 0.75 0.85 

6 0.78 0.87 

7 0.80 0.88 

8 0.82 0.89 

9 0.84 0.90 

10 0.85 0.91 
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Figure 5: Optimization with SBONT 

The Figure 5 and Table 3 illustrates the iterative optimization process using Spatial Bee Optimized Network Theory 

(SBONT) for enhancing a specific aspect of cultural tourism. Each row represents an iteration of the optimization 

process, with the corresponding fitness values before and after optimization. Initially, the fitness value stands at 

0.65, indicating the baseline level of performance or satisfaction with the targeted aspect of cultural tourism. As 

the optimization process progresses, the fitness value gradually increases, reflecting the improvement achieved 

through the application of SBONT. By the 10th iteration, the fitness value reaches 0.91, indicating a substantial 

enhancement in the targeted aspect of cultural tourism. 

Table 4: Optimization of Cultural Tourism with SBONT 

Metric Before Optimization After Optimization 

Degree Centrality 0.65 0.78 

Betweenness Centrality 0.45 0.62 

Clustering Coefficient 0.32 0.48 

Network Robustness 0.75 0.83 

 

In Table 4 showcases the impact of implementing Spatial Bee Optimized Network Theory (SBONT) on various 

network metrics within the realm of cultural tourism. Before optimization, the cultural tourism network exhibited 

a degree centrality of 0.65, indicating a moderate level of connectivity among nodes. However, after applying 

SBONT, the degree centrality increased to 0.78, suggesting a notable enhancement in connectivity and centrality 

within the network. Similarly, the betweenness centrality, which measures the importance of nodes in facilitating 

communication within the network, saw an increase from 0.45 to 0.62 after optimization, indicating improved 

efficiency in information flow and accessibility. The clustering coefficient, representing the degree of clustering or 

cohesion within the network, also experienced a significant rise from 0.32 to 0.48, indicating stronger local 

connectivity and community formation among nodes. Furthermore, the network robustness, reflecting the 

network's resilience to disruptions or failures, improved from 0.75 to 0.83 after optimization, highlighting increased 

stability and reliability of the cultural tourism network. 

VI. CONCLUSION 

This paper has explored the potential of Spatial Bee Optimized Network Theory (SBONT) in enhancing various 

aspects of cultural tourism. Through the integration of SBONT, interventions within cultural tourism destinations 

have been strategically optimized, resulting in significant improvements in visitor satisfaction, economic impact, 

and cultural heritage preservation. The results demonstrate the effectiveness of SBONT in optimizing the spatial 

distribution of cultural attractions, enhancing network connectivity, and fostering sustainable tourism practices. 

Furthermore, iterative optimization processes utilizing SBONT have led to substantial improvements in network 

metrics, including degree centrality, betweenness centrality, clustering coefficient, and network robustness. These 

findings highlight the importance of incorporating innovative approaches such as SBONT into cultural tourism 

planning and management strategies to maximize the benefits for both visitors and destination communities. 

 

 

 

 



J. Electrical Systems 20-3s (2024): 1580 - 1591 

1591 

REFERENCES 

1. M. R. Reshma, B. Kannan, V. J. Raj and S. Shailesh, “Cultural heritage preservation through dance digitization: A review,” 

Digital Applications in Archaeology and Cultural Heritage, vol. 28, no. e00257, 2023. 

2. M. Buscema, G. Ferilli, C. Gustafsson and P. L. Sacco, “Toward a precision, complexity-informed cultural policy design: 

Structural bottlenecks to culture-led development in Skaraborg, Sweden,” Communications in Nonlinear Science and 

Numerical Simulation, vol. 116, no. 106886, 2023. 

3. N. Bai, P. Nourian, A. Pereira Roders, R. Bunschoten, W. Huang et al., “Investigating rural public spaces with cultural 

significance using morphological, cognitive and behavioural data,” Environment and Planning B: Urban Analytics and City 

Science, vol. 50, no. 1, pp. 94-116, 2023. 

4. L. Xiang, Y. Tian and Y. Pan, “Study on landscape evaluation and optimization strategy of Central Park in Qingkou Town,” 

Scientific Reports, vol. 12, no. 1, 1978. 

5. M. Liu, C. Yang, Z. Fan and C. Yuan, “Prediction approach on pedestrian outdoor activity preference under factors of public 

open space integrated microclimate,” Building and Environment, vol. 244, no. 110761, 2023. 

6. L. Tomarchio, P. He, P. Herthogs and B. Tunçer, “Assessing the Impact of Cultural Planning in the Age of Social Media: 

Twitter-Based Indicators for Established and Emerging Art Locations,” International Journal on Smart and Sustainable Cities, 

vol. 1, no. 01, pp. 2340002, 2023. 

7. S. Sun and P. Shu, “Exploring the development of cultural and creative tourism under the perspective of ecological theory of 

tourism destination management,” Applied Mathematics and Nonlinear Sciences, 2023. 

8. Y. Hou, S. Wang, J. Shang, L. Daria and H. Elzefzafy, ”Research on sustainable design of sports centre based on algorithm 

verification,” Applied Mathematics and Nonlinear Sciences, vol. 7, no. 2, pp. 1023-1032, 2022. 

9. Y. Cao and E. C. Leou, “Meet West in East: New Routing of Old Footprints in the Heritage Tourism in Macao,” In International 

Conference of the International Association of Cultural and Digital Tourism (pp. 349-363). Cham: Springer Nature Switzerland, 

pp. 349-363, September 2022. 

10.  N. Xie, “Personalized route planning of rural ecotourism using mobile computing and random forest algorithm,” Wireless   

Communications and Mobile Computing, 2022. 

11. J. Zhang,  “Intelligent Layout of Music and Cultural Facilities Based on Heterogeneous Cellular Network,” Mobile Information 

Systems, 2022. 

12.   X. Zhao, “The use of interactive data visualisation technology in cultural digital heritage display using edge computing,” 

International Journal of Grid and Utility Computing, vol. 13, no. 2-3, pp. 118-127, 2022. 

13. P. Ghosh and S. Mukherjee, “Understanding tourist behaviour towards destination selection based on social media information: 

an evaluation using unsupervised clustering algorithms,” Journal of Hospitality and Tourism Insights, vol. 6, no. 2, pp. 754-

778, 2023. 

14. Q. Dong, H. Lu, X. Luo, P. He, D. Li, et al., “Evaluation and Optimization of Green Space Fairness in Urban Built-Up Areas 

Based on an Improved Supply and Demand Model: A Case Study of Chengdu,China,” Sustainability, vol. 15, no. 20, pp. 15014, 

2023. 

15. J. Zheng, J.  He and H. Tang, “The vitality of public space and the effects of environmental factors in Chinese suburban rural 

communities based on tourists and residents,” International Journal of Environmental Research and Public Health, vol. 20, no. 

1, pp. 263, 2022. 

16. X. Wang, “Research on the Digital Preservation of Intangible Cultural Heritage of Folk Dance Art Category,” Applied 

Mathematics and Nonlinear Sciences, vol. 9, no. 1. 

17. M. Ginzarly and F. J. Srour, “Cultural heritage through the lens of COVID-19,” Poetics, vol. 92, no. 101622, 2022. 

18. S. Forouzandeh, M. Rostami and K. Berahmand, “A hybrid method for recommendation systems based on tourism with an 

evolutionary algorithm and topsis model,” Fuzzy Information and Engineering, vol. 14, no. 1, pp. 26-50, 2022. 

19. A. Sharma, S. Shoval, A. Sharma and J. K. Pandey, “Path planning for multiple targets interception by the swarm of UAVs 

based on swarm intelligence algorithms: A review,” IETE Technical Review, vol. 39, no. 3, pp. 675-697, 2022. 

20. P. Cai, “Spatial differentiation of intangible cultural heritage in South China and its influencing factors,” Wireless 

Communications and Mobile Computing, 2022. 

21. B. Zhang, Y. Song, D. Liu, Z. Zeng, S. Guo, et al., “Descriptive and Network Post-Occupancy Evaluation of the Urban Public 

Space through Social Media: A Case Study of Bryant Park,” NY. Land, vol. 12, no. 7, pp. 1403, 2023. 

22. A. Pinto, Y. Cardinale, I. Dongo and R. Ticona-Herrera, “An ontology for modeling cultural heritage knowledge in urban 

tourism,”  IEEE Access, vol. 10, pp. 61820-61842, 2022. 

 

 

 

 


