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ABSTRACT 
This paper analyses the application of the Pentahelix approach in Sidoarjo’s tourism village development, 

highlighting the importance of joint actions among key stakeholders to realise SDG 8, SDG 11, and SDG 17. The research 
adopted a descriptive qualitative strategy that integrated document analysis, field interviews, and group discussions, 
targeting stakeholders selected through purposive sampling. Data analysis was conducted using thematic coding to 
identify patterns in stakeholder participation, challenges, and best practices. Findings indicate that Pentahelix 
collaboration has positively impacted infrastructure improvements, marketing strategies, and tourism management 
practices, creating opportunities for local economic growth and cultural preservation. However, the study also identifies 
gaps, particularly in the involvement of academic institutions in research and innovation, and limited community 
participation in decision making processes. Strengthening the participatory capacity of local communities and enhancing 
cross sector cooperation can lead to more equitable benefits, foster a stronger sense of ownership, and support long term 
sustainability. The research provides practical implications for policymakers and tourism practitioners seeking to 
implement integrated, community based development models, suggesting that sustained dialogue, capacity building 
programs, and monitoring mechanisms are essential to maximize the potential of Pentahelix partnerships. Overall, this 
study contributes to the literature on collaborative governance in rural tourism and highlights the importance of multi 
stakeholder engagement for sustainable and inclusive village development. 
Keywords: Sustainable tourism; Pentahelix collaboration; Community based tourism; Lapindo geotourism; SDGs 
(Sustainable Development Goals) 

1. Introduction 
Sustainable tourism seeks to balance economic, social, and environmental goals while ensuring local 

communities benefit and natural cultural resources are preserved [1], [2]. In practice, this approach emphasises 
responsible resource management, reduced environmental impacts, and increased social and economic 
inclusion of local communities [1], [3]. Sustainability in tourism rests on three interconnected dimensions 
(economic development, environmental protection, and social equity) that must coexist in balance. At its core, 
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the concept seeks to support present tourism progress without compromising the opportunities and resources 
available to future generations [1]. The essence of this idea is the involvement of local residents. Through a 
community-based tourism (CBT) approach, communities not only benefit from tourism, but also play an active 
role in managing it. This involvement strengthens empowerment, fosters ownership, and contributes to 
improved local livelihoods [4], [5]. 

Beyond community participation, sustainable tourism also relies heavily on collaboration among multiple 
actors. The Pentahelix framework serves as a holistic strategy to promote integrated and adaptive tourism 
governance [6], [7]. Each stakeholder plays a unique but complementary role in order to increase innovation and 
resource optimization. This synergy is expected to create policy harmony in the development of tourism 
villages [8], [9]. Although the adoption of this synergy is widely used, the implementation of sustainable tourism 
within the SDGs framework remains a challenge [10], [11]. High implementation costs, limited incentives for 
businesses, and the difficulty of measuring sustainability indicators continue to impede progress [1], [3].  
Experiences from diverse regions such as the Danube Delta in Romania [2], Sikkim in India, and Basse 
Casamance in Senegal [12] illustrate that lasting success depends primarily on strong community engagement 
and effective inter stakeholder collaboration. 

Despite various global challenges, Sidoarjo Regency in Indonesia still shows strong prospects for 
advancing community based tourism through village development . The region is rich in cultural heritage, 
history and ecotourism [7]. Official data shows that although Sidoarjo has 353 villages, only seven villages are 
registered as tourist villages in Jadesta. Of the seven registered villages, most still lack strong institutions and 
effective tourism management. For example, Kebaron and Candipari villages, although they have developed 
agro edutourism and heritage tourism concepts, still need support in digital marketing, human resource 
capacity building and sustainable infrastructure access. Economically, Sidoarjo’s tourism and creative sectors 
have grown steadily, with the broader tourism industry increasing from IDR 13.1 trillion in 2020 to IDR 18.1 
trillion in 2024, and its GRDP share rising from 9.3% to 10.1% [13]. 

 

Figure 1. Sidoarjo – Tourism Proxy GRDP (ADHK 2010), 2020–2024 

Figure 1 shows a consistent increase in the tourism is related GRDP sectors (accommodation, transport, 
and recreation). This upward trend illustrates the resilience of Sidoarjo’s tourism economy, even after the 
pandemic shock in 2020, and highlights its role as a growing driver of regional development. 

This progress aligns with SDG-8 on decent work and economic growth, particularly target 8.9, which 
promotes sustainable tourism that creates jobs and showcases local culture and products. Despite some 
progress, engagement from businesses and academic actors remains minimal, preventing the establishment of 
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a strong and integrated collaboration system in tourism development. Sidoarjo also has strong human resource 
potential, with around 176,000 active MSMEs and a labour force participation rate of 69.62% in 2023 (BPS, 
2023). When developed through the Pentahelix framework, this potential has the capacity to drive the growth 
of community based tourism villages in a more integrated and sustainable way. Despite Sidoarjo’s strong 
tourism potential, major challenges remain, including weak stakeholder coordination, limited funding, low 
technology adoption, and the absence of adaptive management strategies. Few tourism villages use digital 
media for promotion, revealing a digitalisation gap. This study explores how the Pentahelix model is applied 
in Sidoarjo to propose local solutions that enhance coordination, digitalisation, and community involvement, 
while advancing SDG-8, SDG-11, and SDG-17. 

Practically, this study aims to strengthen the implementation of tourism village development in Sidoarjo 
through better coordinated Pentahelix collaboration. It also seeks to enhance community and MSME 
participation in the tourism value chain, offer a reference model for similar regions, and foster stronger 
connections between education, technology, and culture to drive local tourism innovation. Thus, this research 
is not only important as an academic foundation, but also has a direct impact on improving community welfare, 
preserving local culture and strengthening the competitiveness of Sidoarjo tourism destinations in the regional 
and national context. 

 

Figure 2. Pentahelix Concept Map for Tourism Village Development 

Figure 2 illustrates the Pentahelix model in the context of sustainable tourism village development. 
Government contributes through policy, incentives, and standards; business/industry provides investment, jobs, 
and market access; communities ensure ownership, apply the CBT model, and preserve local wisdom; 
academia strengthens research, training, and monitoring; while media and ICT raise awareness and enable 
digital marketing. Together, these five elements interact to produce sustainable tourism outcomes. 

The concept map above underscores the fact that no single actor can independently drive sustainable 
tourism. The synergy between all five elements is what determines whether tourism villages in Sidoarjo can 
evolve from pilot initiatives into self sustaining models of economic growth, cultural preservation, and 
environmental protection. For example, without government incentives and infrastructure policies, village 
based initiatives may lack funding and legal legitimacy. Similarly, without business and industry participation, 
local tourism products may never reach wider markets. Communities, while at the center of sustainable tourism, 
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require ongoing capacity building, which is best supported through academia. Finally, digital platforms and 
media engagement are essential to reduce the visibility gap, considering that many tourist villages in Sidoarjo 
still struggle with online presence and promotion. In this sense, the Pentahelix model provides not only a 
theoretical but also a practical roadmap for overcoming the main challenges previously discussed. By 
strengthening interlinkages between these five actors, Sidoarjo can not only improve its tourism village 
governance but also better align local initiatives with the broader SDGs (8, 11, and 17). 

2. Materials and methods 
This study employs a qualitative approach to develop a comprehensive yet flexible understanding of the 

phenomenon. It began with topic selection and conceptualisation to identify relevant issues and formulate 
focused research questions. A literature review was then conducted to examine previous studies and highlight 
research gaps addressed in this study [14]. The next phase involved methodological planning, including the 
selection of epistemological approaches, theoretical foundations, and suitable data collection techniques. 
Primary data were obtained through in depth interviews and Focus Group Discussions (FGDs). Ethical 
approval was secured, and participants provided informed consent, with confidentiality maintained throughout 
the research process [15], [16].  

 

Figure 3. Research concept 

The informants selected were those who had direct involvement and practical experience in developing 
village tourism initiatives in Sidoarjo Regency. Respondents represented various stakeholders: the Department 
of Youth, Sports, and Tourism (Disporapar), the Regional Development Planning Agency (Bappeda), and the 
Public Works Agency, as well as village governments, women's groups (PKK), tourism enthusiast 
organizations (Pokdarwis), news media, and academics from Surabaya State University. To gain broad insights, 
in-depth discussions with stakeholders were conducted for 40-60 minutes. The four main frameworks explored 
in the discussions were: 

1. Perceptions of the effectiveness of Pentahelix collaboration, 

2. Coordination barriers among stakeholders, 

3. Identifying potential initiatives for community empowerment and digital marketing in tourism 
villages. 

4. Developing strategic measures to support sustainable tourism growth in Sidoarjo. 
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Data collection was conducted through structured interviews and observations, with the support of trained 
enumerators to maintain consistency in the data collection process. Data were analyzed using thematic analysis, 
which included the stages of data familiarization, coding, theme development, and validation to identify key 
patterns. The research findings were then reflected in a relevant theoretical framework. Data credibility was 
maintained through inter-researcher discussions, audit trail compilation, and critical validation [17]. The 
research results were synthesized with the findings of previous studies [18] and carried out in accordance with 
research ethics standards [19]. Although this study faced limitations, such as field access and funding constraints, 
the researchers made methodological adjustments to maintain the reliability and robustness of the research 
findings [20]. 

3. Results and discussion 
Tourism village development serves as a key strategy for economic diversification and the preservation 

of local identity in Indonesian regions, including Sidoarjo. This study highlights the Pentahelix model as a 
central framework guiding collaborative tourism development. However, its application in Sidoarjo remains 
limited, pointing to the need for greater integration and more active participation from all stakeholders. 

3.1. The pentahelix model as a synergistic force in tourism village development 
Empirical evidence demonstrates that the Pentahelix framework has been instrumental in fostering 

synergy among stakeholders in Sidoarjo’s tourism landscape. The synergy among government agencies, 
academic institutions, business actors, media representatives, and local communities has brought meaningful 
advancements in infrastructure provision, tourism promotion, and the efficiency of destination management 
[21], [22]. Through this structured and cross sector collaboration, roles become clearer, responsibilities are shared 
more equitably, and resources are mobilised more effectively. Such synergy has served as an accelerator for 
developing sustainable, competitive, and community based tourism destinations [6], [7]. These efforts directly 
align with SDG 17, particularly target 17.17, which encourages the strengthening of multi stakeholder 
partnerships. 

Sustainable tourism development inherently requires the active participation of diverse actors, each 
contributing complementary expertise to achieve common goals [21], [23]. The academic sector palys a crucial 
role in generating data driven insights, policy recommendations, and innovative tourism management models 
that are environmentally responsible and socially inclusive [24], [25]. This contribution not only promotes 
evidence based decision making but also nurtures innovation and capacity building within local tourism 
communities [26]. Academic participation also aligns with and strengthens global commitments under the SDGs, 
notably SDG 4, SDG 9, and SDG 11, which emphasise education quality, innovation driven development, and 
sustainable urban growth [23], [24]. Government institutions hold a key position in shaping policies and regulatory 
frameworks that guide tourism area management and in supplying the fundamental infrastructure needed for 
its development [25]. Additionally, the government acts as a facilitator of collaboration between various 
stakeholders to ensure inclusive and sustainable development. Effective policies and strong multi stakeholder 
synergy are essential to achieving SDG-16 and SDG-17 [23]. The government also supports SDG-6 through 
initiatives that improve access to basic services [27].  

Local communities, as the primary actors in the preservation of culture and the environment, have a 
significant role in maintaining local wisdom and developing tourismbased businesses that support the local 
economy [27]. Active government participation is vital to advancing several Sustainable Development Goals, 
especially SDG-1, SDG-8, and SDG-15 [11], [28], [29]. Businesses support sustainable tourism by developing 
environmentally responsible facilities, providing employment opportunities, and engaging in CSR programs. 
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Through such initiatives, the private sector contributes to SDG-7, SDG-12, and SDG-13 [11], [24]. The scale of 
destruction caused by the Lapindo mudflow eruption since 2006 is categorized as a catastrophic industrial 
disaster, with its material impacts still felt to this day [30]. Calculations from government agencies and 
academics estimate that the total economic loss has exceeded Rp 45 trillion, a staggering figure that reflects 
the loss of productive assets and recovery costs. Physically, more than 700 hectares of productive land, 
including thousands of homes, dozens of factories, and crucial infrastructure such as the Surabaya-Gempol toll 
road, have been permanently buried, completely altering the geographical and economic landscape of three 
sub districts in Sidoarjo.  

Geographically, Sidoarjo has a landscape rich in tourism potential, ranging from the maritime richness of 
the east coast, the dense urban areas with history and culture, to unique areas such as the Lapindo mud site that 
can be transformed into educational geotourism objects [31], [32], [33]. Such tourism provides a great opportunity 
for the development of thematic tourism based on education and environmental preservation [34], [35]. The area 
can be developed with facilities such as geotourism galleries, rest areas, sports and educational spaces, culinary 
and souvenir centers, urban forests, retention ponds, and urban farming. These initiatives align with SDG-11, 
particularly target 11.4 on preserving cultural and natural heritage, and contribute to SDG-13 (Climate Action) 
through urban forest and water retention development. Challenges in the implementation of Pentahelix are still 
evident. It was found that the synergy between parties has not been fully optimised, mainly due to the lack of 
maximum involvement from academia and environmental institutions. The results correspond with prior 
investigations suggesting that the practical execution of collaboration often falls short of its theoretical ideals 
[36]. Social network analysis (SNA) of stakeholders in Sidoarjo likely reveals low academic centrality in 
decision making on tourism villages [37]. This indicates that their roles as knowledge sources, innovators, and 
independent evaluators remain underutilised, limiting progress toward SDG-4 (Quality Education) through 
research based learning and knowledge application. 

An important observation reveals that community participation remains constrained, with residents having 
minimal influence in shaping tourism initiatives [22], [38]. This condition creates inequality in decision making 
and weakens community ownership of tourism village development [39]. Evidence from global and local cases 
shows that active community involvement in planning and management enhances responsibility and supports 
the long term sustainability of tourism initiatives [21], [40]. This is crucial for achieving SDG-10 and SDG-8 
through inclusive local economic empowerment . To deepen this analysis, integration of village demographic 
data (age, education level, main livelihood) with socio-economic data (income levels, asset ownership) in 
tourist villages in Sidoarjo would be particularly relevant [41]. Where the majority of villagers have low levels 
of education and depend on the traditional agricultural sector. Tourism village development programmes 
should be accompanied by intensive vocational training and the establishment of strong local institutions to 
ensure meaningful participation [42]. This supports SDG-4 and SDG-8. A visual map of community 
participation can illustrate how engaged residents are at various stages of developing a tourism village (such 
as planning, implementation, monitoring, and evaluation) and help pinpoint areas with lower involvement [40], 

[43]. This allows for more targeted interventions, such as participatory workshops, skills training, or the 
establishment of more inclusive community forums. 

Hence, enhancing community participation through capacity building, providing cross sector training, and 
fostering transparent, collaborative communication are key strategies to address these challenges [25], [39]. By 
equally empowering all elements of the Pentahelix, tourism village development in Sidoarjo can boost local 
and community income (contributing to SDG-8) while also reinforcing a sense of local ownership and pride 
[22]. This strategy offers Sidoarjo a valuable opportunity to establish itself as an educational and 
environmentally responsible tourism destination capable of competing at regional and national levels. This 
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approach reflects the principles of inclusive and sustainable development by placing communities at the core 
of village progress [7] directly contributing to SDG-11. 

3.2. Examining the implementation of the pentahelix model in Sidoarjo 
Beyond the material losses, the social and humanitarian impacts are far deeper. This disaster has forced 

over 60,000 people to lose their homes, with tens of thousands of them being relocated, severing their social 
and cultural roots. The prolonged compensation process and uncertainty about the future have caused long 
term trauma for the victims. The loss of communities, social interaction spaces, and traditional livelihoods 
represents a social wound that cannot be measured by numbers, yet its impact continues to be felt by the 
affected generations. As a form of resilience, some of the victims have creatively transformed the disaster area 
into a "disaster tourism" destination, an irony that has become their livelihood. Residents offer services as 
guides or tour operators to visitors who want to witness the eruption site firsthand, creating a microeconomic 
ecosystem out of the tragedy. However, it must be acknowledged that the economic turnover from this tourism 
activity does not compare to the scale of destruction that occurred. This initiative is more a symbol of survival 
than a comprehensive solution for economic recovery. 

 
Figure 4. Field surveys in the Lapindo Mud tourism area were conducted as part of the Pentahelix collaboration. This partnership 
identifies potentials and challenges while formulating strategies for sustainable tourism development. Through this integrated approach, 
stakeholders aim to ensure the long-term environmental and socio-economic sustainability of the destination. 

The figure illustrates the application of the Pentahelix model in the Lapindo Mud tourism area, 
highlighting collaboration among academics, government, communities, businesses, and media. This joint 
effort enhances data collection, incorporates multiple perspectives, and informs evidencebased planning for 
sustainable tourism. Through such cooperation, stakeholders support ecological balance, boost local income, 
promote disaster education, and demonstrate how resilient tourism can emerge from local collaboration. The 
Pentahelix model consists of five main actors: government, academia, the private sector, media, and local 
communitie. This collaborative model helps combine different interests and skills to achieve shared goals in 
tourism development. In Sidoarjo Regency, this approach has been used to promote villagebased tourism that 
reflects local culture and natural potential. The following part presents how the Pentahelix elements are related 
to the SDGs. 

Academic institutions play a vital role in advancing geotourism development in the Lapindo Mud area. 
Research activities help to identify tourism potential, assess environmental impact, and design sustainable 
management plans. However, in Sidoarjo, the role of universities and researchers has not yet been fully 
developed. Strengthening academic involvement will improve innovation, provide accurate data, and ensure 
that tourism development in the region is inclusive and adaptive. Collaboration among universities, the 
government, and the tourism sector in the Lapindo area remains limited, resulting in researchbased training 
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programs that could improve tourism management not being fully optimized. academic involvement in 
designing sustainable tourism programs based on more in depth research will significantly support the 
achievement of SDG-4 and SDG-17.  

The private sector, especially local investors, plays a key role in developing the Lapindo tourism area. 
Investments in facilities such as homestays, local culinary centers, and souvenir shops around the area have 
begun to emerge, providing a positive impact on the local economy. However, the development of these 
facilities has mostly concentrated in areas with better access, while more remote potential areas in the Lapindo 
region have not received adequate attention. Therefore, it is crucial for the private sector to further develop 
facilities in less accessible areas to create more balanced development and support SDG-8. Enhancing 
community involvement in tourism management, both as service providers and as guardians of cultural values, 
can generate sustainable economic benefits and strengthen local ownership in the development of the Lapindo 
tourism area. 

 

Figure 5. Diagram of Pentahelix Concept Analysis in Sidoarjo Tourism Supporting the SDGs. This section provides a brief overview 
of the analysis as an initial step in exploring the Pentahelix implementation in Sidoarjo’s tourism sector. 

3.2.1. Government: regulator and facilitator 

The Sidoarjo district government has introduced various policies and programs to promote tourism village 
development [31], including budget allocations for public facilities such as geopark galleries in the Lapindo 
Mud area, rest areas, educational centers, and urban farming sites [27]. Infrastructure map shows good 
connectivity between the city centre and several potential tourism villages, but there are still gaps in remote 
areas The government's role as a provider of regulations and permits has facilitated the legalisation of several 
tourism awareness groups (pokdarwis), although bureaucracy remains a challenge for less educated 
communities. According to data from the Sidoarjo Tourism Office, the number of villages applying to become 
tourism villages has increased, reflecting strong policy support consistent with decentralization and good 
governance initiatives (contributing to SDG-16). 

3.2.2. Private sector/business: investors and business practitioners 

The private sector plays an important role in financing, service provision, and the development of tourism 
facilities [38], [44]. In Sidoarjo, investments in homestays, local culinary centres, transport services and tour 
package management are beginning to emerge. Data from the Sidoarjo Cooperatives and MSMEs Office 
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indicate a rise in the number of MSMEs involved in the tourism sector, positively impacting the local economy 
and creating new job opportunities. For example, around the Lapindo mudflow area, several local investors 
have opened food stalls and souvenir shops, creating a significant economic cluster. This effort directly 
contributes to SDG 8, particularly target 8.3, which promotes development oriented policies that encourage 
productive activities, decent employment, entrepreneurship, creativity, and innovation, while fostering the 
formalisation and growth of micro, small, and medium enterprises. The investment distribution map shows 
that these economic clusters tend to be concentrated in areas with high accessibility, leaving potential in more 
remote areas [45], [46]. 

3.2.3. Academia: source of knowledge and innovation 

Theoretically, academia's role in the Pentahelix model is to provide the scientific basis and innovation to 
support sustainable tourism development, including mapping tourism potential, training human resources and 
databased programme evaluation. However, in the Sidoarjo context, this role has not been maximised. 
Interviews with tourism village managers and government representatives show that synergies between 
universities, local government and tourism actors are weak [47], [48]. Internal data from several tourist villages 
show that researchbased training programmes from academics are minimal. This gap suggests that the potential 
for research and innovation from universities has not been fully utilized. In fact, the involvement of academics 
is crucial to achieving SDG-4 through the provision of expertise and research, and SDG-17 in knowledge 
exchange. The map of higher education institutions in Sidoarjo shows available academic resources, yet 
specific policies and forums are needed to enhance their involvement in local tourism planning and 
implementation. 

3.2.4. Community: drivers of participation and guardians of local culture 

Local communities are key to maintaining tourism sustainability. They are the direct implementers of 
tourism management and the custodians of local cultural values [49]. In Sidoarjo, the community has become 
active in providing homestay services, culinary specialities, handicraft products and as tour guides. This 
involvement fosters a sense of ownership and creates an authentic tourism experience. However, capacity 
building and training are still needed to enable communities to compete in providing quality and professional 
services. Data from government organised training programmes show that the level of community participation 
in management and hospitality training still needs to be improved. Limited engagement from academia and 
environmental organizations has also reduced opportunities for local communities to participate [50], [51], 
resulting in unequal decision making and a diminished sense of ownership. Empowering these communities 
directly contributes to SDG-1 through increased income, SDG-5 when women are involved in management, 
and SDG-10 by promoting local inclusion. The lack of maximum involvement from academia and 
environmental organisations has also resulted in limited space for local communities to participate [50], [51], 
leading to inequalities in decision making processes and a decreased sense of ownership. This community 
empowerment fundamentally supports SDG-1 through increased income, SDG-5 if it involves women in 
management, and SDG-10 by ensuring local inclusion. 

3.2.5. Media: information and promotion channel 

Media plays a vital role in promoting and disseminating information about tourist destinations [52]. With 
the help of digital and social media, tourism promotion in Sidoarjo has reached a wider market quickly and 
efficiently. Social media content analysis shows an increase in the number of local influencers promoting 
Sidoarjo tourism villages. The media has also helped shape the image and brand of tourist destinations, and 
become a link between tourism managers and tourists. However, communication strategies still need to be 
strengthened so that the messages conveyed truly illustrate local uniqueness and excellence [53]. Social media 
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engagement data shows that visual and interactive content has greater reach and impact, but not all tourist 
villages have an optimal content strategy [54]. The role of this media is very supportive of SDG-17 (Partnerships 
for Purpose) in disseminating information and raising awareness. 

3.3. Optimising spatial potential through a geospatial approach 
Sidoarjo Regency in East Java possesses diverse tourism potential that can be strategically developed 

through the Pentahelix model [33]. These include culinary education based on local products such as petis and 
smoked milkfish, mangrove and fishing village tours, batik centers, cultural festivals, agritourism, and 
historical attractions. Among these assets, the Lapindo mud area stands out as a unique geotourism and 
educational site with strong geological and socio-economic narratives [30]. By integrating a geospatial approach 
and spatial mapping, these tourism resources can be systematically planned, interconnected, and developed to 
support sustainable destination management and regional competitiveness [32]. 

Within this spatial framework, the Lapindo mud area can be positioned as a core geotourism zone that 
highlights its geological uniqueness while also conveying its long-term social and economic impacts [30], [31]. 
The planned development may include visitor centers, observation decks, educational trails, and eco-friendly 
transportation routes designed to provide meaningful learning experiences with minimal environmental 
disturbance. To strengthen local economic inclusion, complementary facilities such as community-based 
homestays, culinary hubs, cultural performance spaces, and MSME clusters can be integrated into the 
surrounding area, creating value chains that directly involve local communities [2], [32], [38]. 

Several supporting functions further reinforce this integrated model. An interactive geotourism gallery 
can present geological processes, historical context, and social impacts of the Lapindo mudflow through 
educational displays, with the district government managing licensing, academics contributing scientific 
content, businesses investing in installations, media promoting the attraction, and local communities serving 
as guides [2], [32]. In parallel, an integrated rest area and culinary center can provide visitor convenience while 
showcasing local cuisine, supported by government land provision, academic market studies, business-led 
facility management, MSME product supply, and media promotion [38]. 

In addition, multifunctional education and sports facilities, urban forests, and urban farming areas can be 
developed as green spaces that support environmental education, recreation, and food security[25], [55]. These 
initiatives rely on coordinated roles among stakeholders, including government land allocation and regulation, 
academic expertise in program design and ecological practices, business participation through operations and 
corporate social responsibility, media engagement to raise public awareness, and active community 
involvement in implementation and maintenance [24], [26], [40]. Together, these facilities enhance environmental 
resilience while offering experiential tourism opportunities [55]. 

The application of geospatial data across these initiatives directly supports SDG 11, particularly Target 
11.3 on participatory, integrated, and sustainable urban planning, and also contributes to SDG 15 through 
conservation and urban farming efforts [7], [48]. Additional spatial analyses, such as accessibility maps, local 
human resource distribution maps, and disaster risk maps, can further strengthen planning effectiveness [30]. 
Through the use of GIS, the government can formulate a more integrated and sustainable tourism village master 
plan, identify priority development zones, and allocate resources more efficiently, especially in areas with high 
geotourism potential but limited supporting infrastructure . 

4. Recommendation 
Based on the assessment of spatial gaps and opportunities, strategic recommendations can be proposed to 

overcome challenges and enhance the Pentahelix model, supporting the achievement of multiple SDGs. 
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4.1. Increasing community participatory capacity 
Strengthening the capacity of communities to participate is essential. This can be achieved through 

ongoing training in tourism management, hospitality, digital marketing, financial skills, and destination 
storytelling, involving both academics and industry professionals. Such initiatives support SDG-4 and SDG-
8. Additionally, it is important to create formal and informal platforms for communities to express their 
aspirations, ideas, and concerns in the planning and management of tourist villages, such as special village 
tourism planning meetings or the formation of representative community task forces, supporting SDG-10 and 
SDG-16. Strengthening the role of Tourism Awareness Groups (Pokdarwis) as the frontline of village 
management through financial, technical, and training support is also essential, in line with SDG-16. 

4.2. Enhancing the involvement of academics and environmental organizations  
Local governments can provide research funding for tourism village development projects, involving local 

universities to evaluate potential, impacts, and innovative approaches in sustainable tourism. This approach 
promotes research and innovation in line with SDG-9 and SDG-17. Additionally, integrating ecotourism and 
environmental conservation into school and university curricula in Sidoarjo, using tourism villages as case 
studies, will support the achievement of SDG-4. The establishment of a special unit at higher education 
institutions focused on research, training, and advocacy for sustainable tourism in Sidoarjo is also necessary 
to act as a strategic advisor to the government and community, strengthening the knowledge ecosystem. 

4.3. Enhancing transparent and collaborative communication across sectors  
Creating a shared digital platform, such as a web portal or application, allows all Pentahelix stakeholders 

to exchange information, track progress, and address challenges in real time, enhancing transparency and 
supporting SDG-16. Regular coordination meetings help evaluate progress, resolve issues, and develop new 
strategies, strengthening partnerships in line with SDG-17. Developing a master plan for tourism village 
development, agreed upon by all Pentahelix actors with clear targets and measurable indicators, improves 
policy effectiveness and further supports SDG-16. 

4.4. Leveraging geospatial and GIS data for strategic planning  
Compiling all data on tourism potential, infrastructure, demographics, and the environment into an 

integrated GIS database accessible to all stakeholders will promote data driven decision making, supporting 
SDG-17. Detailed remapping of tourism potential using GIS, including analysis of infrastructure gaps and 
potential for new area development, will ensure optimal planning, in line with SDG-9 and SDG-11. Finally, 
employing GIS to monitor the environmental and socio economic impacts of tourism development, as well as 
to assess program effectiveness, can ensure sustainability and support SDG-12 and SDG-13. By equally 
enhancing the roles of all Pentahelix actors and using geospatial data for precise, targeted planning, the 
development of tourism villages in Sidoarjo can increase local and community income while fostering stronger 
ownership and pride among residents.This strategy offers Sidoarjo the opportunity to establish itself as an 
educational and environmentally sustainable tourist destination capable of competing at regional and national 
levels. This approach also supports inclusive and sustainable development by positioning local communities 
as the main drivers of village progress. If implemented effectively, these recommendations can position 
Sidoarjo as a model of Pentahelix collaboration in developing tourism grounded in local potential. This 
approach will also contribute to the integrated and holistic achievement of multiple SDGs. 
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5. Conclusion 
This study confirms that the Pentahelix model, when integrated with geospatial planning, provides an 

effective framework for promoting sustainable tourism village development in Sidoarjo Regency and 
contributes directly to the achievement of SDG 8, SDG 11, and SDG 17. Collaboration among government, 
academia, the private sector, communities, and media has supported improvements in infrastructure provision, 
destination promotion, and tourism governance, while geospatial planning enables more data-driven, 
integrated, and spatially balanced development, particularly in complex areas such as the Lapindo mud 
geotourism zone. In the long term, the sustainability of tourism village development depends on the continuity 
of stakeholder collaboration and the strengthening of local capacity building. Institutionalising Pentahelix 
partnerships, enhancing community participation, and reinforcing the role of academia in research-based 
planning are essential to maintain innovation, local ownership, and adaptive governance. This study is subject 
to several limitations. The findings are based on a qualitative approach and a limited study area, which may 
restrict their generalisability. In addition, the geospatial analysis remains largely descriptive and has not yet 
incorporated advanced quantitative spatial modelling. Future research is therefore encouraged to adopt 
comparative studies across regions, apply more quantitative and spatially explicit GIS methods, and use 
longitudinal designs to assess the long-term sustainability of tourism villages and stakeholder collaboration. 
Overall, this study demonstrates that the integration of Pentahelix collaboration and geospatial planning can 
serve as a replicable and inclusive model for sustainable tourism development in other regions. 
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