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ABSTRACT  
Aim/Purpose The research aimed to design, develop, and test a system that enabled reciprocal 

knowledge flows between government, academia, business, media, and commu-
nity stakeholders. 

Background The research problem addressed in this study concerned the absence of an inte-
grated, digital knowledge management (KM) system that could operationalize 
the Pentahelix framework to strengthen the management and governance of 
VOEs. Despite policy frameworks such as Government Regulation No. 
11/2021, which formalized the operational mechanisms of Village-Owned En-
terprises (VOEs) and emphasized entrepreneurship and community empower-
ment, challenges persisted in translating these frameworks into practice. 

Methodology Employing a research and development (R&D) approach with Agile Scrum, the 
study engaged eight VOE managers from four villages in the Tomini Bay region 
of Gorontalo Province to elicit requirements through interviews, observations, 
and questionnaires. The system was developed iteratively over four sprints and 
implemented functionalities such as user authentication, collaborative forums, a 
knowledge repository, and analytics dashboards. The platform design utilized 
Unified Modeling Language (UML) diagrams to model workflows, actor roles, 
and class structures. System testing applied black-box and white-box ap-
proaches, complemented by sprint reviews and user acceptance testing. 

Contribution This research contributed to the body of knowledge by offering both a concep-
tual framework and a tested prototype for digitally mediated multi-stakeholder 
collaboration in rural enterprise development. 

Findings The findings underscored that digital KM platforms, when anchored in multi-
stakeholder frameworks, served as strategic enablers of rural development. 
Evaluation demonstrated high system reliability with 100% functional test pass 
rate and optimized query response times (reduced by 60-75%). User acceptance 
testing revealed strong adoption potential, with Perceived Usefulness (M = 
6.2/7.0), Intention to Use (M = 6.0/7.0), and Overall Satisfaction (M = 5.9/7.0) 
scores indicating high levels of satisfaction. Task completion rates improved 
from 72% in Sprint 1 to 95% in Sprint 4. The integration of the platform with 
potential e-government and e-commerce systems suggested significant implica-
tions for participatory governance, market democratization, and rural economic 
empowerment. 

Recommendations  
for Practitioners 

Practically, by presenting a tested prototype developed using Agile Scrum meth-
odology that served as a model for similar initiatives in developing countries. 

Recommendations  
for Researchers  

Theoretically, by extending the application of KM and Pentahelix frameworks 
to rural enterprise contexts. 

Impact on Society The platform’s adaptability to diverse digital readiness contexts signaled its 
transferability to other rural regions, provided that localized adjustments were 
made. 

Future Research Future studies could explore the integration of automation, advanced analytics, 
and recommender systems while further evaluating the longitudinal impacts on 
business performance, collaboration intensity, and community well-being. 
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INTRODUCTION  
Digital transformation redefined the way organizations function, reshaping the dynamics of 
knowledge access, sharing, and utilization across sectors. This transition, often aligned with the prin-
ciples of Society 5.0, emphasized a human-centered approach to technological advancement, posi-
tioning knowledge as a key asset for competitiveness and sustainability. Knowledge management 
(KM) has thus become indispensable not only for large-scale corporations but also for micro, small, 
and medium-sized enterprises (MSMEs) seeking to remain adaptive and resilient in an increasingly 
digitized global economy. In developing countries, rural enterprises and community-based organiza-
tions, such as village-owned enterprises (VOEs), faced significant challenges, as limited access to in-
frastructure, expertise, and resources presented both obstacles and opportunities for adopting digital 
knowledge platforms (Luo et al., 2023; Tang & Zhao, 2023).  

The adoption of digital platforms was consistently shown to enhance productivity, foster innovation, 
and integrate rural economies into broader markets (W. Zhang, 2023). Moreover, the digitization of 
rural enterprises contributed to resilience by empowering communities with tools to adapt to shifting 
market conditions, mitigate external shocks, and enhance long-term sustainability (H. Zhang & Qian, 
2024). Digital empowerment, particularly for marginalized groups, was linked to greater socio-eco-
nomic participation, underscoring the transformative potential of rural digitalization. Nevertheless, 
while digital platforms were critical enablers, the uneven distribution of digital literacy, infrastructural 
inadequacies, and cultural resistance constrained the extent to which rural enterprises could harness 
these opportunities (Atmojo & Fridayani, 2023; Hall, 2023). 

The central challenge facing VOEs lay in their ability to mobilize and integrate knowledge from di-
verse stakeholders, which was inherently dispersed across government agencies, universities, private 
businesses, media institutions, and the broader community. This aligned with the Pentahelix model, a 
widely recognized framework for multi-stakeholder collaboration in sustainable development. The 
model emphasized the role of government in providing policy and regulatory support, academia in 
research and knowledge dissemination, businesses in fostering partnerships, media in promoting 
awareness, and communities in contributing local wisdom and contextual insights (Carayannis & 
Morawska, 2022). While the model has been validated in various contexts as an effective mechanism 
for policy implementation and governance (Effendi et al., 2023; Taratori et al., 2021), its digital oper-
ationalization, particularly in rural enterprise ecosystems, has remained limited. Existing efforts have 
often addressed individual elements of the model but have fallen short of achieving comprehensive 
integration through digital platforms. 

The research problem addressed in this study concerned the absence of an integrated, digital KM sys-
tem that could operationalize the Pentahelix framework to strengthen the management and govern-
ance of VOEs. Despite policy frameworks such as Government Regulation No. 11/2021, which for-
malized the operational mechanisms of VOEs and emphasized entrepreneurship and community em-
powerment (Revida et al., 2023), challenges persisted in translating these frameworks into practice. 
Issues of fragmented knowledge, limited access to reliable technology, and gaps in digital literacy hin-
dered the creation of collaborative platforms that effectively supported decision-making, enhanced 
transparency, and improved accountability in VOE operations (Siskawati et al., 2022). 

General solutions proposed in the literature often highlighted the importance of digital literacy pro-
grams, infrastructural investments, and the creation of digital ecosystems to facilitate knowledge ex-
change (Wilson et al., 2022). Furthermore, multi-stakeholder partnerships were regarded as critical in 
ensuring that rural communities were not left behind in the digital era. For example, Barinta (2023) 
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demonstrated that rural entrepreneurs who leveraged cloud technologies and social media for real-
time market insights significantly improved decision-making processes and competitiveness. Simi-
larly, interventions that emphasized collaborative governance mechanisms were shown to strengthen 
rural entrepreneurship ecosystems by pooling resources and aligning stakeholder objectives (Kania et 
al., 2021). 

Specific solutions explored in prior studies included the application of adaptive KM frameworks that 
integrated both formal and informal knowledge-sharing practices (Hirawati et al., 2021). Scholars 
have argued that such approaches are particularly relevant in rural contexts, where cultural practices, 
local wisdom, and informal networks play significant roles in shaping entrepreneurial outcomes (Hall, 
2023). Digital platforms that combine structured repositories with interactive features, such as fo-
rums, dashboards, and tutorials, were identified as promising tools for addressing the unique chal-
lenges faced by community enterprises (Romanelli, 2023). Moreover, the use of Agile methodologies 
in platform development has gained traction, enabling iterative design processes that incorporate 
feedback from diverse stakeholders and enhance usability (Ambarini et al., 2023). 

Despite these advances, a significant research gap remained. Studies focusing on the quintuple helix 
or Pentahelix frameworks often examined their conceptual potential without developing concrete, 
operationalized systems tailored to rural enterprises. Likewise, while KM was extensively studied in 
corporate and urban contexts, there was limited empirical research on its integration into VOE man-
agement through digital tools. This gap underscored the need for research that not only conceptual-
ized but also developed and tested digital KM platforms designed for multi-stakeholder collaboration 
in rural settings. Addressing this gap was critical, given the central role of VOEs in promoting rural 
economic independence, enhancing social welfare, and supporting sustainable village development 
(Effendi et al., 2023; Kania et al., 2021). 

This study sought to design and develop a prototype digital KM system that facilitated collaboration 
among Pentahelix stakeholders to strengthen VOE management. By integrating the principles of 
knowledge management with the Pentahelix model, the research aimed to provide a comprehensive 
platform that enhances decision-making, fosters innovation, and improves stakeholder engagement. 
This study addresses three critical questions: (1) How can the Pentahelix model be operationalized 
through a digital knowledge management platform to support multi-stakeholder collaboration in ru-
ral enterprise contexts? (2) What system features and architectural components effectively support 
knowledge exchange, curation, and retrieval among diverse stakeholder groups with varying technical 
capabilities? (3) To what extent does the developed platform meet the functional requirements of 
VOE managers and achieve user acceptance in terms of usefulness, ease of use, and intention to 
adopt? 

To address these questions, this study employs a Research and Development (R&D) approach inte-
grated with Agile Scrum methodology, engaging VOE managers from the Tomini Bay region in 
Gorontalo Province through iterative development cycles. The study contributed to both theoretical 
and practical knowledge: theoretically, by extending the application of KM and Pentahelix frame-
works to rural enterprise contexts; and practically, by presenting a tested prototype that served as a 
model for similar initiatives in developing countries. The novelty of this study lies in its operationali-
zation of the Pentahelix model through a digital platform specifically designed to address the chal-
lenges of rural enterprises. The scope of this work extended to the conceptualization, design, and ini-
tial testing of the system, with the potential for future scaling and integration into national and re-
gional rural development strategies.  
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LITERATURE REVIEW  
DIGITAL KNOWLEDGE MANAGEMENT FOR RURAL DEVELOPMENT AND 
COMMUNITY ENTERPRISES 
Rural development initiatives increasingly recognize knowledge as a critical resource that under-
pinned the sustainability and competitiveness of community-based enterprises. Digital knowledge 
management (KM) systems played a central role in this recognition, serving as enablers of effective 
knowledge governance and innovation within local organizations, such as Village-Owned Enterprises 
(VOEs) (Sophia et al., 2025). Through digital platforms, the capture, codification, and dissemination 
of both indigenous knowledge and external best practices were enhanced, enabling rural entrepre-
neurs to address persistent information gaps that would otherwise have constrained their growth. By 
supporting better decision-making, these systems bridged the rural-urban knowledge divide and 
strengthened inclusive development strategies (C. Wang, 2025). 

Empirical studies have emphasized the prevalence of “knowledge disconnections” experienced by 
rural micro-entrepreneurs, which often hinder operational efficiency and limit their integration into 
broader market systems. Research from India illustrated that ICT-enabled interventions mitigated 
these gaps by mobilizing indigenous knowledge and aligning it with market requirements (Parthiban 
et al., 2024). Such interventions, when delivered through digital KM platforms, enabled access to 
training resources, expert consultation, and market intelligence, thus supporting strategic planning 
and innovation (Fahmi & Savira, 2021). By leveraging off-the-shelf technologies, these platforms em-
powered rural communities with minimal resource investment, making them highly adaptable and 
sustainable solutions. This integration of local and external knowledge also catalyzed inclusive inno-
vation, ensuring that rural economies were better positioned to respond to dynamic challenges and 
opportunities (Xie et al., 2024). 

The digital transformation of rural enterprises was widely regarded as a fundamental strategy for 
overcoming systemic barriers that disproportionately disadvantaged rural communities. Persistent 
disparities in infrastructure and access to resources between urban and rural areas exacerbated the 
challenges confronting rural entrepreneurs (C. Wang, 2025; Xie et al., 2024). Digital KM systems 
played a crucial role in addressing these disparities by fostering entrepreneurial attitudes, building or-
ganizational capabilities, and reinforcing rural–urban interconnectedness (Fahmi & Savira, 2021). 
Logunova et al. (2020) further argued that digital platforms provided adaptable frameworks that ena-
bled rural enterprises to expand their market presence, optimize operations, and reduce existing ine-
qualities, thereby strengthening rural resilience. 

In Indonesia, VOEs (locally known as BUMDes) increasingly adopted KM frameworks to improve 
governance and performance. The SECI (socialization, externalization, combination, internalization) 
model offers a structured approach to facilitating the flow of both tacit and explicit knowledge, 
thereby enhancing organizational capacity and transparency (Pribadi et al., 2023). Community service 
initiatives in Gorontalo Province demonstrated that integrating institutional strengthening, local po-
tential mapping, and digital platforms significantly improved BUMDes management capacity, leading 
to the development of flagship local food products and increased community awareness (Katili et al., 
2025). Sophia et al. (2025) demonstrated that digitizing VOEs’ knowledge processes improved mana-
gerial efficiency, promoted financial accountability, and fostered stronger community empowerment 
outcomes. Such findings highlighted the importance of integrating KM frameworks within rural en-
terprises to ensure that local governance systems are both efficient and legitimate. Case studies fur-
ther showed that digitalizing knowledge processes streamlined management, reduced redundancies, 
and enhanced accountability mechanisms (Pribadi et al., 2023; Putra et al., 2023). These outcomes 
aligned with broader observations that knowledge-sharing platforms contributed to improved gov-
ernance by making community enterprises more efficient and participatory (Correani et al., 2020). 
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The literature also highlighted the role of digital KM in fostering continuous learning and innovation. 
By documenting and disseminating indigenous practices alongside external knowledge, KM systems 
created hybrid models of development that balanced modernization with cultural preservation (Cor-
reani et al., 2020). This dual capacity enabled rural enterprises to remain competitive in changing eco-
nomic contexts while safeguarding local wisdom and identity. In this way, digital KM contributed not 
only to business performance but also to the preservation of cultural heritage as an asset in rural de-
velopment. 

Maximizing the benefits of digital KM required robust collaboration among diverse stakeholders. 
Studies underlined the importance of cooperative networks involving local governments, NGOs, pri-
vate actors, and academic institutions in building the enabling ecosystems necessary for digital KM 
adoption (Dubey & Ranjan, 2024; Li et al., 2024). Such collaborative structures ensured that digital 
KM initiatives were embedded within broader rural development agendas rather than remaining as 
fragmented technological interventions. By pooling resources, expertise, and institutional support, 
multi-stakeholder networks amplified the effectiveness and sustainability of KM platforms. 

Strategic clarity was another key factor in realizing the transformative potential of digital KM. Organ-
izations needed to clearly define their transformation objectives to ensure alignment between digital 
adoption and governance improvements (K. Wang et al., 2022; Zhao, 2024). This clarity facilitated 
consistent decision-making and targeted improvements in transparency, accountability, and opera-
tional efficiency. By linking digital initiatives with explicit developmental goals, VOEs and other 
community enterprises reinforced their roles as catalysts of empowerment and local development. 

Nevertheless, challenges persisted in embedding digital KM within rural contexts. Limited digital lit-
eracy, inadequate infrastructure, and cultural barriers to knowledge sharing often constrained the 
long-term effectiveness of these systems (C. Wang, 2025). Addressing such challenges required inte-
grating technological interventions with capacity-building efforts and supportive policy frameworks 
tailored to rural contexts. Only by cultivating both the technical and institutional conditions for sus-
tainability could digital KM initiatives achieve their full potential. 

In synthesis, the literature establishes digital KM as a critical enabler for rural enterprise development 
(Sophia et al., 2025; C. Wang, 2025; W. Zhang, 2023), yet reveals three persistent gaps. First, while 
theoretical benefits are well-documented, empirical evidence of successful KM implementation in re-
source-constrained rural contexts remains limited, particularly in developing countries beyond India 
and China (Fahmi & Savira, 2021; Parthiban et al., 2024). Second, existing studies focus predomi-
nantly on individual KM components (e.g., knowledge capture or sharing) rather than integrated, 
multi-stakeholder systems (Correani et al., 2020; Dubey & Ranjan, 2024). Third, the literature empha-
sizes technological solutions but inadequately addresses the socio-cultural and institutional prerequi-
sites for sustained adoption in communities with varying levels of digital readiness (Logunova et al., 
2020; C. Wang, 2025). These gaps underscore the need for research that develops and validates holis-
tic KM platforms designed explicitly for multi-actor collaboration in rural enterprise ecosystems. 

PENTAHELIX COLLABORATION MODEL IN RURAL ENTERPRISE 
DEVELOPMENT 
Multi-stakeholder collaboration was increasingly recognized as a cornerstone of sustainable rural en-
terprise development, particularly within the framework of Village-Owned Enterprises (VOEs) in In-
donesia. The Pentahelix model emerged as a prominent framework for fostering this collaboration, 
incorporating five key stakeholder groups: government, academia, business, media, and local commu-
nities (Abdullah et al., 2024; Kania et al., 2021). Each actor contributed distinct resources, perspec-
tives, and roles that, when integrated, created a synergistic ecosystem for rural innovation and enter-
prise sustainability. This five-helix approach expanded upon the earlier quadruple helix framework by 
explicitly incorporating media as a central actor, reflecting the increasing significance of communica-
tion and knowledge dissemination in contemporary development contexts (Hangui, 2024; Murphy et 
al., 2021). 
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In the Pentahelix model, the government functioned as both regulator and supporter, providing pol-
icy direction, legal frameworks, and resource allocation necessary to foster rural enterprise growth 
(Kania et al., 2021). Academia contributed by acting as a knowledge provider, delivering research in-
sights, training, and capacity-building programs to enhance the skills of local entrepreneurs. Busi-
nesses served as enablers, offering technology, investment, and operational expertise to strengthen 
the viability of VOEs. Local communities acted as accelerators, driving grassroots initiatives, ensur-
ing cultural relevance, and mobilizing collective participation in enterprise activities. Finally, the me-
dia played a role as an expander, amplifying visibility, disseminating success stories, and enhancing 
outreach to broader audiences (Abdullah et al., 2024). This complementary distribution of responsi-
bilities illustrates the holistic nature of the Pentahelix framework, enabling rural enterprises to thrive. 

Research has demonstrated that the effective implementation of the Pentahelix model significantly 
enhances the governance, efficiency, and sustainability of rural enterprises. For example, Effendi et 
al. (2023) reported that digital knowledge management processes implemented within VOEs had im-
proved managerial efficiency, financial transparency, and community empowerment. These improve-
ments were primarily attributed to the collaborative engagement of stakeholders, who provided re-
sources, knowledge, and networks, resulting in tailored solutions to local challenges. Similarly, 
Olmedo and O’Shaughnessy (2022) argued that such partnerships were instrumental in stimulating 
rural entrepreneurship by pooling resources and fostering accountability, thereby addressing the so-
cio-economic limitations that rural enterprises frequently encountered. 

The inclusion of media within the Pentahelix model was particularly relevant in the digital age. Stud-
ies have highlighted that the media act as a catalyst for communication and public engagement, ena-
bling the scaling of rural innovations through the dissemination of knowledge and best practices (Li 
et al., 2024). For example, in rural tourism development, media exposure was shown to increase visi-
bility, attract external support, and boost community pride (Luca et al., 2021). In this way, the media 
expanded the reach of local initiatives and enhanced their competitiveness, making it a crucial com-
ponent for sustaining the growth of rural enterprises in interconnected markets (Y. Chen et al., 2020). 

Inclusive planning and co-creation were recurring themes in the literature on the Pentahelix frame-
work. When stakeholders actively engaged in shared planning and decision-making, outcomes were 
often more innovative and better suited to local contexts (Aritenang, 2021; Kuneva & Hough, 2023). 
This collaborative process ensured that diverse perspectives were integrated into rural enterprise de-
velopment, fostering not only innovation but also legitimacy and trust within local communities. 
Case studies have demonstrated that co-creation enhances the resilience of rural enterprises, with col-
lective efforts resulting in improved service delivery, increased customer satisfaction, and strength-
ened community solidarity (Hirschey et al., 2023; Yuan et al., 2023). 

Despite its promise, challenges persisted in operationalizing the Pentahelix model. Sumarna et al. 
(2025) emphasized that maintaining balanced and consistent engagement across all five stakeholders 
was often tricky, as priorities and capacities varied significantly. For instance, the role of media was 
sometimes underutilized, leading to limited dissemination of knowledge and reduced public aware-
ness of rural enterprise successes (Abdullah et al., 2024). Furthermore, sustaining long-term trust and 
commitment among stakeholders requires strong governance mechanisms and structured platforms 
for dialogue, coordination, and continuous knowledge exchange. Without these mechanisms, collab-
orations risked becoming fragmented and unsustainable. 

To overcome these challenges, scholars emphasized the importance of integrating digital technolo-
gies and knowledge management systems into Pentahelix collaborations. Digital platforms created 
structured spaces for real-time communication, resource sharing, and performance monitoring, 
thereby strengthening coordination across stakeholders (Effendi et al., 2023). Such technologies also 
enabled continuous capacity building and facilitated broader dissemination of knowledge, compen-
sating for the limitations of traditional media engagement. By leveraging these tools, stakeholders can 
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more effectively align their goals, adapt to emerging challenges, and ensure the long-term sustainabil-
ity of rural enterprises. 

In summary, the Pentahelix literature validates multi-stakeholder collaboration as essential for rural 
enterprise development (Abdullah et al., 2024; Effendi et al., 2023; Kania et al., 2021), yet reveals crit-
ical implementation gaps. While conceptual frameworks are well-articulated (Hangui, 2024; Murphy 
et al., 2021), empirical evidence of successful digital operationalization remains sparse, particularly in 
developing country contexts (Sumarna et al., 2025). Existing studies document benefits but inade-
quately address coordination challenges, power asymmetries, and the practical mechanisms needed to 
sustain engagement across diverse actor groups with competing interests (Abdullah et al., 2024; Mur-
phy et al., 2021). Moreover, the role of digital platforms in mediating Pentahelix interactions remains 
underexplored, with most research treating technology as a supplementary tool rather than as a core 
enabler of collaborative governance (Effendi et al., 2023; Li et al., 2024). This gap highlights the need 
for research that develops and validates integrated digital systems specifically designed to operational-
ize multi-stakeholder frameworks in rural settings. 

INTEGRATING DIGITAL TECHNOLOGIES WITH MULTI-STAKEHOLDER 
GOVERNANCE  
The integration of digital technologies within multi-stakeholder frameworks, particularly the Pentahe-
lix model, offered transformative potential for rural enterprise development. This framework empha-
sized collaboration among government, academia, business, media, and local communities, and when 
combined with digital platforms, it significantly enhanced communication, knowledge sharing, and 
coordination. Such integration was essential in addressing the “wicked” problems often associated 
with rural development, which demanded blending codified scientific knowledge with context-spe-
cific local knowledge (Olmedo & O’Shaughnessy, 2022; van Ewijk et al., 2024). By enabling the co-
creation of solutions, digital platforms served as central hubs that fostered collaborative governance 
and innovation. 

Digital knowledge platforms played a crucial role in bridging institutional silos and facilitating joint 
problem-solving. They embodied collaborative governance by facilitating real-time exchanges among 
stakeholders and created conditions for inclusive innovation (van Twuijver et al., 2020; N. Zhang et 
al., 2023). The literature on community-based enterprises emphasizes that such platforms mobilize 
local resources, enhance participation, and adapt to geographical and social contexts, thereby ampli-
fying the effectiveness of external support (Olmedo & O’Shaughnessy, 2022). Moreover, empirical 
studies revealed that collaborative networks frequently produced more innovative and sustainable 
outcomes than isolated efforts, demonstrating the value of shared digital infrastructures (Effendi et 
al., 2023; Gwanyemba & Kilonzo, 2023). 

Concrete examples illustrated how digital platforms operationalized these theoretical insights. The 
Next Generation Collaborative and Responsive Rural Community (NCoRe) platform in India exem-
plified how an e-platform connected rural producers, urban consumers, academia, logistics providers, 
and government agencies within a unified digital ecosystem (Bandyopadhyay et al., 2020; Basak & 
Bhaumik, 2023). NCoRe enabled stakeholders to exchange knowledge, coordinate logistics, and align 
business processes. By creating a shared space, it enhanced transparency and optimized the contribu-
tions of each actor, from providing training to offering materials and financial services (Ramanauskas 
et al., 2021). This collaborative infrastructure demonstrated how digital platforms bridged the rural-
urban divide, facilitated knowledge integration, and strengthened enterprise networks (Romanelli, 
2023). 

Similar benefits were evident in digital governance initiatives such as the “smart village” platform in 
the Philippines, which integrated government services, educational resources, and economic support 
into a single system (Camba, 2024). This model illustrates how cross-sectoral digital platforms en-
hance service delivery, reduce costs, and promote accountability by enabling data-driven decision-
making. Through integrated digital systems, governments and partners ensured that service provision 
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was more efficient and transparent, thereby reinforcing trust and legitimacy in rural development ef-
forts. 

Beyond connectivity, digital platforms contributed to collaborative governance by institutionalizing 
mechanisms for risk-sharing and resource pooling. Studies have highlighted that digital platforms re-
duce uncertainties and encourage stakeholders to leverage complementary strengths, resulting in 
more resilient rural enterprises (Monda et al., 2023). By integrating local and expert knowledge, such 
platforms promoted sustainable practices that were responsive to both ecological and economic 
needs (X. Chen et al., 2024; Kakisina, 2023). These digital ecosystems thus created hybrid spaces 
where indigenous practices and scientific expertise intersected, producing context-sensitive solutions 
to rural challenges (Davis et al., 2022). 

Nevertheless, successful integration required careful attention to inclusivity and capacity building. 
Challenges related to digital literacy, infrastructure disparities, and role clarity needed to be addressed 
to ensure meaningful participation of all helix members (Y. Wang et al., 2021; Zhai et al., 2024). Eq-
uitable access to technology remained a fundamental condition for avoiding the exclusion of margin-
alized groups, while precise governance mechanisms were necessary to align stakeholder roles and 
expectations. Without these considerations, digital platforms risked reinforcing existing inequalities 
rather than alleviating them. 

The literature on digital technology integration demonstrates its potential to enhance multi-stake-
holder governance (Effendi et al., 2023; Olmedo & O’Shaughnessy, 2022; N. Zhang et al., 2023), but 
it also reveals significant implementation challenges. While case studies from India (Bandyopadhyay 
et al., 2020; Basak & Bhaumik, 2023) and the Philippines (Camba, 2024) provide proof of concept, 
generalizability to other developing country contexts – particularly those with weaker institutional ca-
pacity and infrastructure – remains uncertain. Existing research primarily focuses on platform func-
tionality and connectivity (Ramanauskas et al., 2021; Romanelli, 2023), while inadequately addressing 
critical issues such as the digital divide, data governance, privacy concerns, and long-term financial 
sustainability (Y. Wang et al., 2021; Zhai et al., 2024). Furthermore, the literature lacks rigorous evalu-
ation frameworks for assessing the actual impact of integrated digital systems on rural enterprise per-
formance outcomes beyond anecdotal success stories (X. Chen et al., 2024; Monda et al., 2023). 
These gaps underscore the need for research that not only develops integrated platforms but also 
evaluates their effectiveness, scalability, and sustainability in resource-constrained rural settings. 
Building on the literature reviewed above, Table 1 synthesizes the key research gaps and articulates 
how this study addresses each gap through specific conceptual, methodological, and empirical contri-
butions. 

Table 1. Research gap synthesis and study contributions 

Literature 
stream Key findings Identified gaps This study’s 

contribution 
Digital KM 
for Rural 
Development 

Digital KM enhances 
productivity, 
innovation, and market 
integration for rural 
enterprises (C. Wang, 
2025; W. Zhang, 2023) 

• Limited empirical 
evidence from 
developing countries 
beyond India/China 
• Focus on individual 
KM components rather 
than integrated systems 
• Inadequate attention to 
socio-cultural 
prerequisites for 
adoption 

• Develops an integrated 
KM platform tested in 
the Indonesian rural 
context 
• Addresses multi-
component KM system 
(capture, storage, sharing, 
application) 
• Incorporates 
stakeholder engagement 
and cultural 
considerations 
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Literature 
stream Key findings Identified gaps This study’s 

contribution 
Pentahelix 
Collaboration 

Multi-stakeholder 
collaboration 
strengthens rural 
enterprise governance 
and sustainability 
(Effendi et al., 2023; 
Kania et al., 2021) 

• Conceptual 
frameworks are well-
articulated but lack 
digital operationalization 
• Limited evidence on 
coordination 
mechanisms and power 
dynamics 
• Insufficient attention 
to digital platforms as 
core enablers 

• Operationalizes 
Pentahelix model 
through functional digital 
platform 
• Implements explicit 
coordination mechanisms 
(forums, repositories, 
dashboards) 
• Tests the platform’s 
effectiveness in 
facilitating multi-
stakeholder collaboration 

Digital 
Technology 
Integration 

Digital platforms 
bridge institutional 
silos and enable 
collaborative 
governance (Effendi et 
al., 2023; N. Zhang et 
al., 2023) 

• Limited generalizability 
beyond 
India/Philippines case 
studies 
• Inadequate attention to 
the digital divide and 
sustainability 
• Lack of rigorous 
impact evaluation 
frameworks 

• Provides evidence from 
a new geographic context 
(Tomini Bay, Indonesia) 
• Addresses digital 
literacy and connectivity 
constraints in design 
• Employs systematic 
evaluation (functional 
testing, UAT, 
performance metrics) 

METHODOLOGY  
This study employed a research and development (R&D) approach, integrated with the Agile Scrum 
framework, to develop a digital knowledge management platform for VOEs. The R&D approach 
was selected due to its iterative, user-centered process, which enabled systematic exploration, proto-
type design, and refinement in addressing practical challenges in VOE management (Cui et al., 2021). 
In parallel, Agile Scrum offered an adaptable development structure that emphasized collaboration, 
rapid iteration, and responsiveness to evolving requirements. Scrum’s incremental sprints and fre-
quent feedback loops proved well-suited to socio-technical projects where user needs and stake-
holder inputs evolved dynamically (Uriawan et al., 2024). Combining R&D with Scrum ensured a sys-
tem design that was both theoretically grounded and practically viable, with development cycles con-
tinually guided by stakeholder feedback and iterative testing (Shee et al., 2022). 

As a conceptual foundation, the research developed a model that integrated the Pentahelix stakehold-
ers into reciprocal knowledge flows to guide system design. In this framework, VOE managers inter-
act with five stakeholder groups – government, academia, business, media, and community – to ex-
change knowledge resources and insights. Each stakeholder served as a knowledge source (e.g., the 
government contributed regulatory information, academia provided training and research, business 
shared market and process knowledge, media enhanced visibility and digital literacy, and the commu-
nity offered local wisdom). At the same time, VOEs provided feedback on practical experiences and 
needs to each stakeholder group. Rather than a one-way transfer, knowledge exchange was cyclical 
and mutually reinforcing, ensuring that local enterprise practices continually informed institutional 
support and vice versa (Astriyantika et al., 2025; Bourke, 2025; Yunas et al., 2023). 

To maintain knowledge quality across these exchanges, the platform’s design included governance 
mechanisms such as content categorization by source and relevance, validation processes (including 
editorial checks and peer review within stakeholder groups), and user feedback loops to flag accuracy 
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or context issues. These provisions aligned with best practices in collaborative knowledge manage-
ment, which emphasized structured curation and periodic updates to ensure reliability and relevance 
(Kalibala et al., 2021; Miklošík et al., 2021; Olszewski, 2021). To visualize this integrated framework, 
Figure 1 illustrates the conceptual Pentahelix integration model developed in this study, highlighting 
the bidirectional knowledge flows between VOEs and each stakeholder, as well as the feedback 
points where VOE input re-enters the system to support continuous learning and improvement. 

 
Figure 1. Conceptual model of pentahelix integration 

SYSTEM IMPLEMENTATION 
CASE STUDY AND REQUIREMENTS ELICITATION 
The empirical context for this project was the coastal Tomini Bay region in Gorontalo Province, In-
donesia. Within this region, four Village-Owned Enterprises (VOEs) – Tabongo Timur, Panggulo, 
Tamboo, and Moutong – were selected as case sites due to their active engagement in village eco-
nomic development and their diverse operational contexts. To capture the needs and challenges of 
these VOEs, the study employed a triangulated requirements elicitation strategy. VOE managers par-
ticipated in semi-structured interviews, provided direct observations of their business processes, and 
responded to structured questionnaires. This combination of qualitative and quantitative data collec-
tion provided a comprehensive understanding of the VOEs’ operational environment. It also allowed 
for the identification of critical knowledge gaps in VOE operations and the mapping of stakeholder 
needs, which together informed the system’s design requirements (Eiraldi et al., 2023; Slattery et al., 
2020). 

The requirements analysis revealed several recurring issues and needs across the case sites. VOE 
managers reported difficulties in accessing up-to-date regulatory information, limited market 
knowledge, and challenges in integrating technology into daily operations. Observation of existing 
workflows uncovered inefficiencies in record management and communication channels, underscor-
ing the need for better knowledge-sharing tools. The questionnaire results further quantified user pri-
orities, highlighting key desired system features. These included role-based user access (e.g., differen-
tiating between VOE managers, government officials, academics, and others), interactive discussion 
forums to facilitate stakeholder communication, a searchable knowledge repository for documents 
and best practices, and performance dashboards to monitor enterprise outcomes. 
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By synthesizing insights from interviews, observations, and surveys, the development team con-
structed a product backlog that aligns with both the explicit requirements voiced by users and the la-
tent needs gleaned from operational patterns. This ensured that the subsequent design and develop-
ment steps remained grounded in actual VOE contexts and challenges. 

Sampling Strategy. The four VOEs were purposively selected based on operational maturity (mini-
mum two years of active business), stakeholder diversity (engagement with multiple Pentahelix ac-
tors), geographic distribution (Gorontalo and Bone Bolango regencies), sectoral variety (tourism, 
fisheries, agriculture, mixed enterprises), and management willingness to participate in iterative devel-
opment. Eight managers (two per VOE) included both directors/chairpersons (strategic perspective) 
and village heads serving as supervisors (oversight perspective). 

Data Triangulation. Requirements elicitation employed methodological triangulation combining 
interviews (n=8, 45-60 minutes each), direct observations during site visits, and questionnaires at 
sprint reviews. Interview coding yielded 127 discrete needs consolidated into 18 thematic categories, 
then synthesized into five Pentahelix-aligned requirement domains. Cross-validation strengthened 
confidence: for instance, “offline access” emerged in six interviews, was corroborated by observed 
connectivity issues (2-3 outages per visit), and was rated critically important (M=6.5/7.0) in Sprint 2 
feedback. 

AGILE DEVELOPMENT PROCESS 
System development was conducted using the Agile Scrum methodology, structured into four itera-
tive sprints of approximately four weeks each. Based on the prioritized product backlog of 22 user 
stories derived from the requirements analysis, development progressed incrementally. Sprint 1 estab-
lished foundational capabilities, including user registration, authentication, and basic VOE profile 
management. Sprint 2 implemented collaborative functions, including the discussion forum and doc-
ument sharing modules. Sprint 3 focused on the knowledge repository, introducing content categori-
zation and advanced search functions to support information retrieval. Sprint 4 developed an analyt-
ics dashboard for tracking user engagement and knowledge-sharing activities.  

Daily stand-up meetings (also known as Scrum meetings) were held to coordinate the development 
team’s tasks. At the end of each sprint, a review meeting was conducted, during which VOE manag-
ers evaluated the newly developed features. This iterative cycle (illustrated in Figure 2) ensured that 
development remained user-driven, allowing requirements to adapt through continuous stakeholder 
input and feedback. As shown in Figure 2, the development followed a cyclical Scrum process. Table 
2 provides a comprehensive breakdown of each sprint, detailing the duration, focus area, and specific 
deliverables achieved during the approximately 19-week development period. 

 
Figure 2. Stages of application development in the Scrum model 
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Table 2. Sprint timeline and key deliverables 

Sprint Duration Focus area Key deliverables 

Sprint 0 2 weeks Requirements & 
Planning 

Interviews (n=8), product backlog, and 
architecture design 

Sprint 1 4 weeks Core Infrastructure User authentication, basic dashboard, database 
schema 

Sprint 2 4 weeks Repository & 
Content 

Knowledge repository, categorization, search 
functionality 

Sprint 3 4 weeks Collaboration 
Features 

Discussion forum, Q&A module, user profiles 
& roles 

Sprint 4 4 weeks Analytics & Polish Analytics dashboard, performance 
optimization, mobile responsiveness 

Post-Sprint 1 week Final Testing Comprehensive testing, code review, and 
deployment preparation 

Note: Total project duration approximately 19 weeks (4.5 months). Each sprint concluded with review sessions 
(stakeholder feedback) and retrospectives (process improvements). 

Stakeholder Engagement. Stakeholder participation was staged across sprints: government repre-
sentatives (n=2) engaged in Sprints 1-2 for regulatory content validation, academic partners (n=1) 
contributed in Sprint 2 for taxonomy review, business stakeholders (n=2) participated in Sprint 3 for 
market feature testing, and media partners (n=1) engaged in Sprint 4 for visibility evaluation. VOE 
managers (n = 8) participated continuously across all sprints as primary users, providing require-
ments, feedback, and validation throughout the development process. 

SYSTEM ARCHITECTURE AND MODELING 
The system’s architecture was designed in a layered fashion to integrate multiple knowledge sources 
while ensuring scalability and resilience. The final prototype comprised six layers: an Access Layer, 
providing users with a cross-device interface and handling authentication; a Client Layer, managing 
request/response processing with optimizations for intermittent rural internet connectivity; a Core 
Services Layer, encapsulating business logic for knowledge capture, curation, retrieval, and analysis; a 
Repository Layer, implementing a structured knowledge graph with domain-specific taxonomies and 
indexes to balance search precision and recall; a Data Storage Layer, for persistent storage of both 
structured database records and unstructured content; and a Knowledge Sources Layer, interfacing 
with external systems or stakeholder contributions (e.g., government open data and academic re-
sources). This modular, layered design (Figure 3) separates system concerns across the stack, enabling 
targeted optimizations at each level and facilitating future integration with e-government portals or 
third-party services via well-defined APIs. Security and resilience were integrated throughout the ar-
chitecture via secure authentication and authorization in the client and service layers, encryption of 
data in transit, and data replication and caching mechanisms to maintain performance during network 
interruptions. 

To formally capture system requirements and behaviors, Unified Modeling Language (UML) dia-
grams were developed during the design phase. A Use Case model defined seven primary actor 
roles – VOE Manager, Government Officer, Academic, Business Partner, Media Contributor, Com-
munity Member, and System Administrator – and mapped their interactions with the system. Each 
role was linked to specific use cases aligned with its responsibilities within the Pentahelix framework. 
For example, Government Officers published regulatory documents, Academics uploaded training 
materials, and VOE Managers initiated discussions or queried the knowledge repository. This model 
helped delineate role-based access controls, ensuring that functionality aligned with stakeholder ex-
pectations, consistent with actor-centric design principles for multi-stakeholder platforms (Asqia, 
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2023; Diva & Priyadi, 2020). Figure 4 presents the use case diagram, showing the actors and their key 
use cases. 

 
Figure 3. Pentahelix-based digital knowledge system architecture 

 

 

Figure 4. Use case diagram 
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For dynamic behavior, process-oriented models were created. An Activity Diagram and correspond-
ing Sequence Diagram were used to design and verify critical workflows, with user authentication 
chosen as a representative example. The activity flowchart details each step from a user submitting 
login credentials to the system confirming the information and directing the user to the appropriate 
dashboard.  

The sequence diagram mapped the interactions among interface components, controllers, and data 
stores during the login process, including handling of failed authentication and routing based on user 
roles. By explicitly modeling the authentication process (Figures 5a and 5b), the team ensured clarity 
in how security and session management were handled, aligning with recommendations in the design 
literature for transparent and secure user experiences in multi-actor systems (Shirole & Kumar, 2021; 
Song et al., 2021). 

  

 

 

 

 

 

 

 

 

 

 

Figure 5. (a) The activity diagram, and (b) the corresponding sequence diagram 

The structural design of the platform was represented through a Class Diagram that encapsulated the 
core data entities and their relationships. Ten primary classes were identified: User, Role, VOE (en-
terprise profile), Product, Article, News, Tutorial, Information (for announcements and regulations), 
Question, and Answer. These classes were interconnected to represent relationships between users, 
content, and organizational data; for example, linking VOE profiles to their associated products and 
connecting users to the content they contributed to or accessed. The class model (Figure 6) ensured a 
coherent schema for the knowledge repository and provided extension points for future features 
such as recommendation algorithms or advanced analytics. Following best practices for KM system 
design, the class structure was kept modular and normalized to support maintainability and scalability 
(Cabour et al., 2021; Kopp, 2022). 

The UML modeling approach directly addresses Research Question 2 by formalizing the system’s 
features and architectural components that support multi-stakeholder knowledge exchange. Use case 
diagrams operationalize Pentahelix stakeholder roles identified in RQ1, defining specific interactions 
each stakeholder type performs. Class diagrams establish the data architecture for categorizing, stor-
ing, and retrieving knowledge, while sequence diagrams illustrate the collaboration workflows central 
to the platform’s knowledge management objectives. 
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Figure 6. Class diagram 

PROTOTYPE FEATURES AND USER INTERFACE 
The implemented prototype was a web-based platform that consolidated the Pentahelix knowledge 
streams into a single accessible portal for VOEs. The landing dashboard featured a unified navigation 
menu providing direct access to stakeholder-specific sections. For example, the main menu (Figure 7) 
included entries for Government, Academia, Business, Media, and Community, each leading to a 
dedicated space with relevant content and tools. Within the Academic section, for instance, VOE 
managers could find training modules, research summaries, and tutorials tailored to rural enterprise 
development (Figure 8 provides a sample view of this section). A left-hand sidebar provided filtering 
options and quick links, allowing users to refine repository contents by type (e.g., articles, news, tuto-
rials) or by tags and dates. 

In addition to the knowledge repository and browsing features, the system included an interactive 
discussion forum where users across different helix groups could post questions, share experiences, 
and respond to ongoing conversations. Each VOE also had a profile management page where enter-
prise administrators could update their organizational information, list products or services, and high-
light needs or success stories. These features were designed to encourage active participation and 
knowledge exchange, mirroring approaches in similar rural knowledge projects where cloud-hosted 
repositories and community forums improved scalability and engagement (Mukti et al., 2022; B. 
Zhang et al., 2021). 

Significant attention was given to the user interface design to ensure accessibility for users with vary-
ing levels of digital literacy. The main pages of the application, such as the overall dashboard and the 
user registration page (shown in Figures 9a and 9b), feature a clean layout with high-contrast text and 
intuitive navigation cues. Key actions – such as searching the knowledge base, adding a new post, or 
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updating a profile – were made prominent and accompanied by brief on-screen instructions, or “mi-
crocopy,” to guide users. These design choices were informed by usability principles and prior studies 
suggesting that simple, clear interfaces help sustain user engagement in diverse user groups (Hiryanto 
et al., 2024; Rose & Ghazali, 2023). 

Moreover, the platform was built to be mobile-responsive, acknowledging that many rural users 
would access the system via smartphones. By ensuring the interface remained clear and functional 
across devices, the system maximized its potential reach and usefulness in the field. 

 

 

Figure 7. Main menu (dashboard) 

 

 
 

Figure 8. Academics menu 
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Figure 9. (a) Dashboard and (b) registration page interface design 

EVALUATION  
The evaluation of the digital knowledge management platform employed a multi-method approach 
combining technical verification, performance assessment, and user-centered validation to ensure 
functional reliability and alignment with VOE operational needs in rural deployment contexts. 

EVALUATION  METHODOLOGY 
The evaluation framework integrated three complementary approaches: (1) formal software testing to 
verify functional correctness and code quality through black-box and white-box methods, (2) iterative 
user acceptance testing (UAT) embedded within Agile development to validate workflow alignment 
and usability, and (3) qualitative analysis of user feedback to understand contextual fit and adoption 
potential. This triangulated approach provided convergent evidence from developer, administrator, 
and end-user perspectives (Broekhuizen et al., 2021). 

Evaluation activities were conducted iteratively across four sprint cycles rather than as terminal vali-
dation. At each sprint conclusion, newly implemented features underwent immediate testing and user 
review, enabling the rapid resolution of issues and ensuring that user feedback directly shaped subse-
quent development priorities (Trabucchi et al., 2024). This integration of evaluation within develop-
ment proved essential for maintaining quality while preserving responsiveness to emerging user 
needs. 

TESTING SETUP AND PROTOCOLS 
Black-box functional testing 
Black-box testing validated the external system’s behavior against functional specifications derived 
from 22 user stories elicited during the requirements analysis. Test cases were systematically designed 
to cover primary user journeys, without examining the internal code structure, simulating realistic us-
age scenarios that VOE managers would encounter in their daily operations. 

Test Environment: A staging server was used that mirrored the production configuration (PHP 8.1, 
MySQL 8.0, Apache 2.4). Testing was conducted on desktop browsers (Chrome, Firefox) and mobile 
devices (Android smartphones) to ensure cross-platform compatibility, reflecting the diverse access 
modes of rural users. 

Test Case Development: Twenty representative test cases were documented across five critical 
modules: User Management (5 cases), Knowledge Repository (5 cases), Discussion Forum (3 cases), 
VOE Profile Management (4 cases), and Stakeholder Content Areas (3 cases). Each test case speci-
fied preconditions, input data (both valid and invalid), expected outcomes, and pass/fail criteria, en-
suring systematic validation across all functional requirements. 
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Test Execution and Results: Two testing phases were conducted. Phase 1 (Sprint 3 conclusion) 
identified four moderate-severity usability issues: unclear error messages (2 cases), inconsistent date 
formatting (1 case), and missing input validation (1 case). Notably, no critical or high-severity defects 
(such as system crashes, data loss, or security vulnerabilities) were detected, indicating that the itera-
tive process effectively prevented significant errors. All issues were resolved within one development 
week through targeted fixes. Phase 2 (Sprint 4 completion) confirmed a 100% pass rate across all 
documented test cases, validating complete issue resolution without regressions. 

White-box structural testing 
White-box testing examined internal code structure, logic flows, and implementation quality to com-
plement behavioral validation. Cyclomatic complexity analysis assessed code maintainability, while 
static analysis verified security practices. 

Complexity Analysis: Cyclomatic complexity evaluation of representative functions revealed well-
structured code with manageable complexity. Figure 10 presents the control flow graph for the article 
submission function – a typical CRUD operation involving validation, conditional file handling, and 
database persistence. 

Figure 10 illustrates decision points (orange diamonds), processing steps (blue rectangles), and termi-
nal nodes (green rounded rectangles). The graph consists of 10 nodes, representing distinct computa-
tional steps, 11 directed edges representing control flow transitions, and one connected component. 
Cyclomatic complexity V(G)=3 indicates three linearly independent paths requiring test coverage: 
Path 1 (red) handles validation failure, Path 2 (blue) processes submissions without custom images 
using default placeholders, and Path 3 (green) handles complete submissions with custom image up-
loads. The complexity score V=3 falls well below the maintainability threshold (V≤10), indicating 
straightforward logic amenable to comprehensive testing and future modification. The complexity 
score V=3, calculated as V(G) = E - N + 2P = 11 - 10 + 2(1) = 3, indicated three independent paths: 
validation failure leading to form redisplay with errors, valid submission without a custom image us-
ing default image assignment, and valid submission with custom image processing. Broader sampling 
confirmed that 93% of functions maintained V ≤ 10, with no functions exceeding V = 15, indicating 
a well-structured codebase conducive to maintenance and testing (McCabe, 1976). 

Security Validation: Static analysis using PHPStan identified only low-severity issues (unused varia-
bles, redundant declarations, minor naming inconsistencies). Critically, no security vulnerabilities 
were detected: all database queries used parameterized prepared statements, preventing SQL injec-
tion, all user content was sanitized, preventing XSS attacks, authentication and authorization were 
properly enforced, and error messages did not expose sensitive system details. This clean security 
profile validated adherence to secure coding practices throughout implementation. 

User acceptance testing 
UAT engaged VOE managers directly in evaluating system fitness for operational deployment 
through facilitated workshops at the conclusion of each sprint, treating users as active co-evaluators 
whose experiential knowledge was essential for assessing practical utility. 

Participant Profile: Eight VOE managers were recruited from four village enterprises in the Tomini 
Bay region based on specific criteria: active operation for a minimum of 2 years (ensuring mature op-
erational understanding), willingness to participate across all sprints (sustained engagement), and in-
ternet access availability (technical feasibility). The four selected VOEs represented diverse contexts: 

• Tabongo Timur VOE (Gorontalo Regency): Tourism and agricultural marketing 
• Panggulo VOE (Bone Bolango Regency): Fisheries and local trade 
• Tamboo VOE (Bone Bolango Regency): Agricultural processing 
• Moutong VOE (Bone Bolango Regency): Mixed enterprises (retail, services, manufacturing) 
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From each VOE, two participants were engaged: the VOE Director/Chairperson (primary operator) 
and the Village Head, serving as the VOE supervisor, ensuring both operational and governance per-
spectives. Participants’ self-reported digital literacy averaged 3.0/5.0 (moderate), with a range of 2-4, 
accurately reflecting rural VOE contexts where formal technology training is limited. Table 3 pre-
sents the complete demographic profile of the eight participants. 

 

Figure 10. Control flow graph for the article submission function 
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Table 3. Participant demographics (N=8) 

 

 

Participant demographics revealed a predominantly male sample (75%), reflecting broader patterns in 
village leadership in Indonesia. The age group clustered in the 40-49 range (50%), representing expe-
rienced mid-career managers. Education was split between high school (37.5%) and tertiary levels 
(62.5%). Digital literacy was generally limited to moderate levels (87.5%), reinforcing the importance 
of user-centered design that accommodates varying technical capabilities. 

UAT protocol: Each 2-hour session followed a standardized protocol: (1) Orientation (15 min) in-
troducing new features and establishing evaluation mindset, (2) Hands-on Testing (75 min) where 
participants performed scenario-based tasks using laptops or personal devices while facilitators ob-
served without intervening, (3) Structured Discussion (20 min) eliciting pain points and improve-
ment suggestions, and (4) Questionnaire Completion (10 min) measuring acceptance constructs on 
7-point Likert scales. 

User acceptance measurement. Participants provided quantitative ratings using 7-point Likert 
scales (1=strongly disagree, 7=strongly agree) measuring perceived usefulness (“This platform would 
improve my ability to access knowledge for VOE management”), ease of use (“I find it easy to navi-
gate the platform”), and intention to adopt (“I intend to use this platform regularly”). Open-ended 
questions elicited feedback on functional features, encountered difficulties, and suggested improve-
ments. All input was documented and reviewed in sprint retrospectives for iterative refinement. 

Scenario-based tasks: Tasks exercised features within authentic workflows. Examples included: 
Sprint 1 – “Register for account, verify email, complete VOE profile, explore dashboard”; Sprint 2 – 
“Search for government funding program, save information, configure notifications”; Sprint 3 – 
“Read forum question from peer, provide helpful response sharing insights”; Sprint  – “Upload finan-
cial report, organize appropriately, verify retrieval and access sharing.” 

Feedback integration: All findings were reviewed within 48 hours in sprint retrospectives. Issues 
were prioritized by severity, with high-priority items added to the backlog for the next sprint. Figure 
2 visualizes this iterative feedback integration cycle. 

Figure 11, iterative user feedback integration cycle embedded within Agile Scrum development pro-
cess. The cycle consists of five phases: (1) Sprint Development implementing prioritized features 
over 4 weeks, (2) UAT Session where 8 participants evaluate new features through 2-hour work-
shops, (3) Feedback Analysis categorizing issues by severity within 48 hours, (4) Sprint Retrospective 
reviewing lessons learned and updating the product backlog, and (5) Sprint Planning integrating high-

Characteristic Category n % 
Gender Male 6 75% 

Female 2 25% 
Age Group 30-39 years 2 25% 

40-49 years 4 50% 
50-59 years 2 25% 

Education High School 3 37.5% 
Diploma/Bachelor 5 62.5% 

VOE Experience 2-3 years 3 37.5% 
4-5 years 3 37.5% 
6+ years 2 25% 

Digital Literacy Limited 4 50% 
Moderate 3 37.5% 
Advanced 1 12.5% 
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priority feedback into the next sprint. The dashed orange arrow represents the continuous feedback 
loop, demonstrating how user insights directly shape subsequent development cycles, enabling early 
defect detection, rapid issue resolution, and progressive refinement based on empirical evidence. 

Concrete refinement examples: Sprint 2 feedback about confusing search results led to Sprint 3 inter-
face redesign with content-type icons, stakeholder-domain color tags, and publication date stamps. 
Sprint 3 requests for advanced filtering drove the implementation of multi-criteria search with 
dropdown filters for domain, content type, and date range in Sprint 4. This tight feedback loop ex-
emplified responsive, evidence-based development. 

 

Figure 11. Iterative user feedback integration cycle 

EVALUATION  RESULTS 
Functional testing outcomes 
Black-box testing demonstrated high reliability, with progressive improvement across phases. Initial 
testing revealed four moderate-severity usability issues: inconsistent error messaging, variations in 
date format, and missing validation feedback, all of which impacted the user experience but did not 
compromise functionality or data integrity. All issues were resolved within one development cycle. 
Final testing confirmed a 100% pass rate, with no critical defects detected throughout the develop-
ment process. This progression validated the effectiveness of the Agile approach in detecting early 
defects and facilitating rapid remediation. 

    
       

SPRINT n DEVELOPMENT
• Implement prioritized features
• Address previous sprint feedback
(Development Team)
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UAT SESSION (Sprint n Review)
• 8 participants perform scenario-based tasks
• Facilitators observe and document issues
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FEEDBACK ANALYSIS
• Categorize issues by severity (Critical/High/Medium/Low)
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Code quality assessment 
White-box testing confirmed technical quality conducive to long-term maintenance. Cyclomatic com-
plexity analysis revealed that 93% of functions had a V ≤ 10, indicating a manageable code structure. 
The exemplar article submission function (V=3, Figure 1) illustrated straightforward control flow 
typical throughout the system. Static analysis identified only low-severity issues with no security vul-
nerabilities, validating secure coding practices. Database query optimization, including the addition of 
composite indexes, reduced complex search execution time by 60-75% (from 800-1200ms to 200-
350ms), significantly improving responsiveness. 

User acceptance and satisfaction 
UAT across four sprints yielded convergent evidence of strong user reception. Table 4 presents final 
evaluation satisfaction scores. 

Table 4. User acceptance scores (sprint four final evaluation) 

Construct Mean 
score (1-7) 

Std. 
dev. Interpretation 

Perceived Usefulness 6.2 0.7 Strongly positive - Highest rated 
Intention to Use 6.0 0.8 Positive - Strong adoption intent 
Overall Satisfaction 5.9 0.8 Positive - General approval 
Perceived Ease of Use 5.8 0.9 Positive - Acceptable learning curve 
Feature Completeness 5.6 1.0 Moderate positive - Enhancement opportunities 

Note: n=8 participants, 7-point Likert scale (1=strongly disagree, 7=strongly agree, 4.0=neutral) 

All constructs scored significantly above neutral (4.0), indicating positive perceptions. Perceived 
Usefulness (M=6.2) received the highest ratings, suggesting users strongly recognized platform value 
for addressing knowledge management needs – critical for platform adoption. The Intention to Use 
(M = 6.0) score indicated genuine adoption intent rather than a polite endorsement. The mod-
est gap between Ease of Use (5.8) and Usefulness (6.2) suggested that users found the learning curve 
acceptable, given the perceived benefits. 

Task Performance: By Sprint 4, objective completion rates were high: 100% successfully updated 
VOE profiles, 95% completed document searches without assistance, and 90% posted forum re-
sponses. Time-on-task measurements revealed learning effects, as document search time decreased 
from 4.2 minutes (Sprint 2) to 2.8 minutes (Sprint 4), a 33% reduction, demonstrating efficiency 
gains from interface refinements. 

Qualitative Feedback Themes: Users consistently appreciated the Pentahelix stakeholder organiza-
tion, noting that it aligned with their conceptualization of knowledge sources: “This makes it easy to 
know where to look – if I need funding, I check Government and Business sections.” The discussion 
forum received an enthusiastic reception: “Finally, a place where we can learn from each other’s ex-
periences!” Multiple participants requested mobile apps with offline capability, highlighting rural con-
nectivity constraints that inform future development priorities. 

Figure 12 visualizes the progression of satisfaction and performance across sprints, demonstrating 
the cumulative benefit of iterative refinement. The figure shows progressive improvement in user sat-
isfaction and task performance across four sprint cycles. The left panel shows overall satisfaction 
scores on a 7-point Likert scale, increasing from 5.1 (Sprint 1) to 5.9 (Sprint 4), representing a 16% 
improvement. The right panel displays task completion rates without assistance, rising from 72% 
(Sprint 1) to 95% (Sprint 4), representing a 32% improvement. Both metrics exhibit consistent up-
ward trends, validating the effectiveness of iterative refinement. Key improvements per sprint—
search functionality (Sprint 1→2), interface redesign with visual indicators (Sprint 2→3), and ad-
vanced filtering (Sprint 3→4)—yielded measurable user experience gains. The convergence toward 
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higher satisfaction and completion rates by Sprint 4 indicates cumulative refinements successfully ad-
dressed usability issues and aligned features with user needs and workflows. 

 
Figure 12. User engagement and satisfaction progression across sprints 

DISCUSSION OF EVALUATION FINDINGS 
The multi-method evaluation provided convergent evidence that the platform successfully achieved 
core objectives: functional reliability, technical quality, and alignment with VOE operational needs. 

Technical validation: The 100% final pass rate with no critical defects validated functional reliabil-
ity. White-box analysis confirmed maintainable code structure (V ≤ 10) and secure implementation, 
essential for rural deployment with limited technical support. Database optimization transformed ad-
equate features into responsive ones, underscoring the need for evaluation to assess quality attributes 
beyond correctness and accuracy. 

User acceptance: Strong Perceived Usefulness (M=6.2) and Intention to Use (M=6.0) indicated 
high adoption potential – critical for rural digital interventions where acceptance cannot be assumed. 
The discussion forum’s enthusiastic reception validated that knowledge co-creation and community 
building may prove as valuable as information access, as communities of practice are powerful mech-
anisms for organizational learning (Wenger, 1998). 

Iterative refinement impact: The progression from Sprint 1’s cautious interest to Sprint 4’s intense 
satisfaction (+16%) and from 72% to 95% task completion (+32%) provided concrete evidence that 
continuous user involvement yielded superior outcomes compared to traditional approaches. Each 
sprint’s feedback shaped subsequent development, creating a virtuous cycle where users felt heard 
while developers gained empirical guidance. This approach reduced risk by identifying and correcting 
problems incrementally when they were small and localized, thereby keeping correction costs low 
through early intervention (Boehm, 1981). 

Contextual appropriateness: Participants represented actual target users – rural VOE managers 
with moderate digital literacy in resource-constrained environments. Their successful completion 
rates (90-100%) and positive satisfaction ratings validated the appropriateness of the design for this 
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context. However, recurring requests for offline capability highlight infrastructure constraints that the 
current web platform does not fully address, informing future priorities. 

Pentahelix operationalization: The explicit stakeholder-organized content architecture proved ef-
fective in helping users understand and navigate the multi-actor ecosystem. Comments about know-
ing “where to look” and being prompted to think about “who else to talk to” suggest that the plat-
form successfully operationalized the abstract Pentahelix concept into practical structures. 

Limitations: The relatively small sample size (n = 8 from 4 VOEs) is suitable for formative evalua-
tion but may limit generalizability. Evaluation occurred in facilitated sessions, which may have influ-
enced behavior. Post-deployment field studies, which observe natural usage, would provide comple-
mentary ecological validity. Future research should examine actual adoption rates, the impact on 
VOE performance outcomes (including funding success, market access, and management practices), 
the evolution of the forum community, and scalability to additional contexts. Despite limitations, the 
evaluation provided robust evidence supporting the platform’s functional reliability, technical quality, 
and user acceptance, offering reasonable confidence for pilot deployment and meeting the intended 
objectives of enhancing knowledge management and multi-stakeholder collaboration among VOEs 
in the Tomini Bay region. 

Synthesis of findings. Evaluation demonstrates that the platform successfully meets design objec-
tives across multiple dimensions. Technical quality metrics confirm maintainable code (93% func-
tions with V≤10) and reliable functionality (100% test pass rate). Performance optimization reduced 
query times by 60-75%. User acceptance scores indicate substantial perceived value (M = 6.2, useful-
ness) and adoption intention (M = 6.0), both of which are significantly above neutral. Task comple-
tion improved from 72% (Sprint 1) to 95% (Sprint 4), validating the effectiveness of iterative refine-
ment. Qualitative feedback highlights the successful operationalization of Pentahelix, while identify-
ing ongoing needs for enhanced offline functionality and expanded training. These convergent find-
ings establish the empirical foundation for discussing theoretical contributions and practical implica-
tions. 

DISCUSSION 
THEORETICAL IMPLICATIONS 
The findings articulated how a Pentahelix-oriented digital knowledge management (KM) system 
translated conceptual collaboration models into operational capability for Village-Owned Enterprises 
(VOEs). The conceptual model (Figure 1) demonstrates that knowledge flows are not linear conduits 
but reciprocal cycles in which VOEs are both beneficiaries and contributors to a shared knowledge 
base. This reciprocity aligns with the multi-actor development literature, which shows that rural inno-
vation ecosystems thrive when local practices and institutional expertise co-evolve through iterative 
exchange and mutual adjustment (Afandi et al., 2024; Wijaya et al., 2023). In the Tomini Bay context, 
VOEs utilized stakeholder-specific channels to align regulatory compliance, managerial learning, mar-
ket exploration, and promotion with situated community insights, a pattern that mirrored broader 
evidence showing that stakeholder synergy strengthens local identity while widening economic op-
portunities (Hasanah et al., 2024; Sentanu et al., 2021). The bidirectionality of the flows further sub-
stantiated that Pentahelix collaboration was more than role aggregation; it was a governance modality 
that reorganized who produced, validated, and mobilized knowledge at the periphery, in alignment 
with observations in rural enterprise and ecotourism collaborations (Bourke, 2025; Yunas et al., 
2023). 

When viewed in light of the layered architecture (Figure 3), these relational dynamics became techni-
cally actionable. The separation into Access, Client, Core Services, Repository, Data Storage, and 
Knowledge Sources layers operationalized concerns noted in the KM and distributed-systems litera-
ture: resilience under intermittent connectivity, controlled surface area for security, and performance 
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tuning proximal to user interaction (Bainomugisha & Mwotil, 2021; Saboia et al., 2022). The Reposi-
tory and Core Services layers held particular importance because they encoded the rules of 
knowledge curation, categorization, and retrieval that determined the precision–recall tradeoffs users 
experienced. Interoperability adapters designed for prospective integration with e-government and 
open-data services reflect lessons from health informatics and cultural heritage repositories, where 
standardized schemas and APIs extend cross-system functionality while preserving domain semantics 
(Ertürkmen et al., 2021; Tsipi et al., 2023). The empirical result was an architecture capable of sup-
porting a gradual path from a prototype serving local needs to a platform that could federate with ex-
ternal systems as policy and capacity matured (Widiatmoko et al., 2023; Yao, 2024). 

Comparing this prototype with analogous systems reveals both convergent strategies and distinctive 
contributions. The NCoRe platform in India (Bandyopadhyay et al., 2020; Basak & Bhaumik, 2023) 
similarly connects rural producers, urban consumers, and institutional actors through a unified digital 
ecosystem, demonstrating how e-platforms can bridge the rural-urban divide. However, NCoRe pri-
marily emphasized supply-chain integration and market linkages. In contrast, this study’s platform 
explicitly operationalizes multi-stakeholder knowledge governance through role-differentiated access, 
structured editorial workflows, and Pentahelix-aligned collaboration mechanisms. The “smart village” 
initiative in the Philippines (Camba, 2024) integrated government services, educational resources, and 
economic support into a single platform, echoing this study’s vision of cross-sectoral integration. Yet 
the Philippine model relies heavily on centralized government provisioning. At the same time, this 
platform distributes knowledge production and validation across five stakeholder groups, thereby in-
stitutionalizing plural governance rather than hierarchical service delivery. Both international exam-
ples validate the technical feasibility of integrated rural digital platforms but operate within stronger 
infrastructure and institutional contexts. This study’s contribution lies in demonstrating that a modu-
lar, stakeholder-governed KM platform can function effectively in resource-constrained settings with 
intermittent connectivity and variable digital literacy – conditions characteristic of many rural areas in 
developing countries. 

TECHNICAL IMPLEMENTATION AND DESIGN DECISIONS 
The system design decisions illustrated how the model’s social complexity was transformed into im-
plementable software. The use case model aligned actor responsibilities with least-privilege access 
and transparent editorial governance, thereby reducing the friction often reported when heterogene-
ous stakeholders converge on a single platform (Asqia, 2023; Diva & Priyadi, 2020). Focusing the ac-
tivity and sequence diagrams on authentication addressed a ubiquitous cross-cutting concern – se-
cure, comprehensible onboarding – whose failure could erode trust and reduce participation in rural 
deployments (Shirole & Kumar, 2021; Song et al., 2021). The resulting flow, which routed users to 
role-specific dashboards, reinforced the proposition that microcopy and visual affordances shaped 
early impressions and guided digital novices through complex tasks, a claim reinforced in human–
computer interaction studies in mixed-literacy populations (Asri et al., 2024; Hiryanto et al., 2024; 
Rose & Ghazali, 2023). 

The class model supported extensibility by separating content types (articles, news, tutorials, Q&A) 
from organizational entities (VOE, product), an approach endorsed in prior KM platform designs to 
enable analytics, recommendations, and governance policy enforcement without entangling content 
logic with identity management (Cabour et al., 2021; Kopp, 2022). Implementation outcomes indi-
cated that these design choices resulted in a usable platform. Early field feedback indicated that VOE 
managers could locate regulatory circulars, training modules, and market guidance with fewer steps in 
the navigation. The forum provided a venue for problem-solving that did not require participants to 
be present synchronously. Such patterns aligned with reports that cloud-hosted, repository-centered 
systems scaled access while training and governance sustained adoption (Intezari et al., 2021; Mukti et 
al., 2022; B. Zhang et al., 2021). By embedding editorial and peer-validation mechanisms into the 
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content lifecycle, the system also addresses recurrent critiques of open KM initiatives, where unmod-
erated submissions can dilute quality. This risk is mitigated here through categorization, review cy-
cles, and user feedback loops (Kalibala et al., 2021; Miklošík et al., 2021). 

The verification strategy shed light on how the concept of ‘fit-for-purpose’ was assessed under rural 
constraints. The combination of black-box and white-box testing, supplemented by structured sprint 
reviews and user acceptance testing (UAT), closely mapped to recommendations for validating socio-
technical platforms where end-user perception and internal code quality jointly determined reliability 
and sustainability (de Souza et al., 2021; Sigalla et al., 2021; Trabucchi et al., 2024). In this study, func-
tional coverage across registration, authentication, repository search, content submission and moder-
ation, and forum use was further supported by performance checks that revealed latency improve-
ments from caching and pagination. Beyond immediate functionality, the analysis of the prototype’s 
role in the broader VOE ecosystem invited consideration of policy and market linkages. The archi-
tecture’s prospective integration with e-government and e-commerce responded to arguments that 
public digital services and market platforms formed complementary infrastructures for rural empow-
erment: the former streamlined compliance and participation, the latter improved market reach and 
price discovery (Nam et al., 2024; Wa & Zhang, 2023). 

PRACTICAL IMPLICATIONS 
Aligning KM processes with these infrastructures helped reduce administrative overhead while ampli-
fying the return on knowledge uptake, a synergy repeatedly emphasized in governance and public–
private partnership literature (Widiatmoko et al., 2023; Yao, 2024). Yet realizing this complementarity 
placed demands on interoperability, consent management, and equitable data-sharing arrangements 
that needed to be embedded into APIs and governance policies from the outset, to prevent integra-
tion from reproducing asymmetries that disadvantaged rural producers. The trajectory from proto-
type to mature platform also depended on automating parts of the knowledge lifecycle and deepening 
analytics. Evidence from enterprise KM suggested that analytics could reveal bottlenecks in 
knowledge flows, identify high-value artifacts, and support predictive services; recommender systems 
could tailor discovery to user roles and histories, thereby increasing engagement and skill acquisition 
(Milano et al., 2020; Xu et al., 2021). 

However, the ethics and political economy of automation in rural contexts should not be treated as 
afterthoughts. The same recommender engines that personalize learning could unintentionally restrict 
exposure or reinforce stakeholder biases unless they were designed with multi-perspective representa-
tion and transparency (Milano et al., 2020; Zhitomirsky-Geffet & Hajibayova, 2020). Food informat-
ics research has highlighted similar tensions, advocating for design choices that align algorithmic op-
timization with sustainability and community benefit – lessons that translate well into rural enterprise 
platforms (Karpati et al., 2020). This study’s class and repository structures created technical space 
for such features, but their implementation required explicit ethical frameworks, participatory model 
auditing, and governance mechanisms that prioritize community agency (Aryaningsih et al., 2021; 
Prikshat et al., 2022). 

Considerations of privacy and security intensified when pooled knowledge blended personal, organi-
zational, and community-generated content. Stakeholder concerns typically revolved around consent, 
confidentiality, secondary use, and the right to be forgotten, especially where power differentials and 
historical marginalization exacerbated risks (Tang & Zhao, 2023). The authentication and role-resolu-
tion design illustrated in Figure 4 laid a foundation for differential access control; however, long-term 
legitimacy depended on transparent data catalogs, precise provenance tracking, and consent dash-
boards that enabled contributors to manage visibility and revocation. Integrating such safeguards 
with government and commercial platforms added complexity but was essential to maintaining trust 
as the system scaled. The layered security posture – encompassing encryption in transit, authorization 
at service boundaries, and storage-level protections – addressed standard attack surfaces but required 
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complementing it with capacity-building efforts so that local operators could understand and imple-
ment effective data stewardship. 

The question of impact, finally, extended beyond usage statistics to whether the platform changed 
patterns of collaboration, business performance, and community well-being over time. Longitudinal 
evaluation designs needed to track knowledge uptake through training and assessment, collaboration 
intensity through joint projects and social network analysis, and enterprise outcomes through reve-
nue, profitability, and customer indicators, while also capturing community-level measures of inclu-
sion and cultural vitality (Hasanah et al., 2024; Rahu & Suprayitno, 2021; Romero-Rodríguez et al., 
2020; Yuniati et al., 2023). The results here – that VOE managers gained navigational clarity and ac-
cess to a broader set of resources – were encouraging but not sufficient in isolation. Embedding in-
strumentation for these indicators into the platform could transform it into its own evaluation appa-
ratus, providing regular, low-friction snapshots that guide adaptive governance and targeted support. 
Such embedded evaluation also strengthened arguments for diversified, durable funding through 
grants and public–private partnerships by demonstrating value with evidence rather than rhetoric 
(Fofuh & Awolusi, 2021; Jansen & Kalas, 2020). 

SUSTAINABILITY, SCALABILITY, AND TRANSFERABILITY 
Long-term platform sustainability requires careful attention to four dimensions: financial, human re-
source, temporal, and governance. Annual operational costs are estimated at USD 1,200-1,500, com-
prising web hosting (USD 300-400), domain registration and SSL certificates (USD 150-200), security 
updates and software patches (USD 400-500), and periodic technical support (USD 350-400). Per-
sonnel requirements include a minimum of one part-time digital facilitator per 3-4 village cluster (ap-
proximately 10-15 hours per week), responsible for user support, content quality monitoring, and 
stakeholder coordination. Additionally, quarterly 2-day training workshops are provided for new us-
ers and feature updates. Timeline for achieving full stakeholder integration is estimated at 6-12 
months post-deployment, with government and academic validation workflows requiring 3-4 months 
to establish, business and media content streams developing over 4-6 months, and community adop-
tion reaching critical mass (>60% active monthly users) by 8-10 months. Governance structure 
should establish a multi-stakeholder oversight board with quarterly review cycles, representation 
from all five Pentahelix helices (government two seats, academia one seat, business two seats, com-
munity three seats, media one seat), rotating 2-year chairmanship, and transparent decision-making 
protocols for content policies, feature prioritization, and conflict resolution. These concrete require-
ments enable realistic planning for platform sustainability beyond pilot implementation. 

Sustainability and transferability also depend on institutional arrangements as much as on code. Itera-
tive engagement practices from Agile Scrum in this project aligned with broader findings that regular 
stakeholder contact increased ownership and accelerated problem resolution, particularly in volatile 
or resource-constrained settings (Aguirre et al., 2024; Castillo López et al., 2023).  

To scale beyond Tomini Bay, the system required offline-first features and localized language and ex-
amples to accommodate uneven connectivity and heterogeneous literacies, in alignment with recom-
mendations for rural digitization efforts (Ibrahim & Alenezi, 2024; Nguyen & Dang, 2024). Govern-
ance boards that included VOE representatives, government, academia, businesses, media, and com-
munity advocates helped institutionalize plural oversight, while API-level commitments to interoper-
ability lowered barriers to integrating with regional initiatives. A culture of continuous learning—
backed by feedback channels, issue trackers, and periodic retrospectives—helped keep the platform 
aligned with shifting needs and policies, consistent with evidence that adaptive learning processes 
mediated the relationship between KM investments and sustained impact (Holmes et al., 2023; Lillis 
et al., 2025; Vanderlinden et al., 2022). 
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CONCLUSION  
This study demonstrated the feasibility and effectiveness of integrating the Pentahelix model with a 
digital knowledge management (KM) platform to strengthen the management and sustainability of 
Village-Owned Enterprises (VOEs). By operationalizing bi-directional knowledge flows among gov-
ernment, academia, business, media, and community stakeholders, the system fostered reciprocal 
learning and collaboration that directly enhanced VOE capacity. The layered system architecture and 
design models ensured scalability, security, and usability, while iterative development through Agile 
Scrum facilitated continuous stakeholder engagement. Testing outcomes confirmed the reliability of 
the platform, and early implementation highlighted its potential to improve access to regulatory, tech-
nical, and market knowledge. Significantly, the prototype not only facilitated knowledge access but 
also encouraged collaboration and innovation, positioning VOEs to expand their market reach and 
optimize local resources. 

The findings underscored that digital KM platforms, when anchored in multi-stakeholder frame-
works, served as strategic enablers of rural development. The integration of the platform with poten-
tial e-government and e-commerce systems suggested significant implications for participatory gov-
ernance, market democratization, and rural economic empowerment. Ethical and governance consid-
erations, particularly concerning privacy and data ownership, required robust frameworks to ensure 
equitable benefit-sharing and community trust. Furthermore, the platform’s adaptability to diverse 
digital readiness contexts signaled its transferability to other rural regions, provided that localized ad-
justments were made. This research contributed to the body of knowledge by offering both a con-
ceptual framework and a tested prototype for digitally mediated multi-stakeholder collaboration in 
rural enterprise development. Future studies could explore the integration of automation, advanced 
analytics, and recommender systems while further evaluating the longitudinal impacts on business 
performance, collaboration intensity, and community well-being.  

For practitioners, implementation should begin with pilot programs in four villages, supported by a 
minimum of four weeks of digital literacy training before platform deployment. VOE managers 
should designate knowledge champions to facilitate peer support and organize bi-weekly knowledge-
sharing sessions. Government agencies should establish multi-stakeholder governance boards with 
quarterly review cycles to ensure sustained coordination within the Pentahelix. Technology develop-
ers should prioritize offline-first capabilities and role-based access controls, ensuring platform func-
tionality in resource-constrained rural settings with intermittent connectivity. 

This study’s limitations include the sample scope (eight VOE managers from four villages in the 
Tomini Bay region), limiting generalizability to other Indonesian contexts with different socio-eco-
nomic conditions and institutional support systems. The four-month development timeframe pre-
cluded assessing long-term sustainability, post-deployment usage patterns, or measurable business 
performance impacts, such as revenue growth, customer base expansion, or operational efficiency 
improvements. Evaluation relied on prototype testing during development rather than extended field 
deployment with actual VOE operations. 

Future research should prioritize longitudinal studies (12-24 months) measuring actual adoption 
rates, sustained usage patterns, and quantifiable business outcomes across different performance di-
mensions. A comparative effectiveness analysis examining platform performance across Indonesian 
regions, VOE sectors (tourism, fisheries, agriculture, and mixed), and enterprise scale levels would 
enhance generalizability. Research investigating the integration of new systems with existing govern-
ment e-government infrastructure and national digital ecosystems merits attention. Scalability studies 
should examine how knowledge quality and stakeholder engagement can be maintained as platforms 
expand to larger enterprise networks. 



Pentahelix-Based Digital KMS for Rural Enterprises 

30 

ACKNOWLEDGEMENT 
This research was funded by the BLU Research Grant of Universitas Negeri Gorontalo, Indonesia 
(Rector’s Decree No. 641/UN47/HK.02/2024; Contract No. 878/UN47.D1.1/PT.01.03/2024). 

REFERENCES  
Abdullah, M. T., Sabir, Syahribulan, & Nurjaya, M. (2024). Fostering rural economic development through 

Penta-Helix collaboration: A case study of Village-Owned Enterprises (BUMDesa) in Maros Regency, In-
donesia. South Eastern European Journal of Public Health, XXV(January), 1346–1355. 
https://doi.org/10.70135/seejph.vi.2462 

Afandi, H., Rahayu, N., & Rokhim, A. (2024). Community empowerment design through the Pentahelix Model 
in tourism development. The Es Economics and Entrepreneurship, 2(3), 217-229. 
https://doi.org/10.58812/esee.v2i03.237 

Aguirre, J., Tiñigañay, D., Alvarado, J., & Bijai, E. (2024). Impacto de la tecnología en la productividad de 
emprendimientos rurales en el cantón La Troncal [Impact of technology on the productivity of rural 
enterprises in La Troncal canton]. Telos Revista De Estudios Interdisciplinarios en Ciencias Sociales, 26(2), 461-
480. https://doi.org/10.36390/telos262.13 

Ambarini, N., Yamani, M., & Andika, T. (2023). Institutional strengthening of village-owned enterprise legal 
entities as a manifestation of village sustainable development goals. Jurnal Magister Hukum Udayana [Uda-
yana Master Law Journal], 12(2), 222. https://doi.org/10.24843/jmhu.2023.v12.i02.p01 

Aritenang, A. (2021). The role of social capital on rural enterprises economic performance: A case study in In-
donesia villages. Sage Open, 11(3). https://doi.org/10.1177/21582440211044178 

Aryaningsih, N., Suari, P., Darmayasa, N., & Utthavi, W. (2021). Management model of rural-owned enter-
prises based on entrepreneurship innovation as a tourist attraction. Proceedings of the International Conference on 
Applied Science and Technology on Social Science (pp. 121-125). Atlantis Press. https://doi.org/10.2991/as-
sehr.k.210424.024 

Asqia, M. (2023). Development of a web-based correspondence information system to enhance administrative 
services in higher education. Indonesian Journal of Computer Science, 12(6), 3459-3472.   
https://doi.org/10.33022/ijcs.v12i6.3521 

Asri, F. H. M., Singh, D., Mansor, Z., & Norman, H. (2024). A review of cross-cultural design to improve user 
engagement for a learning management system. KSII Transactions on Internet and Information Systems, 18(2), 
397-419. https://doi.org/10.3837/tiis.2024.02.007 

Astriyantika, M., Cahyo, E., & Siregar, D. (2025). Mapping the role and collaboration of stakeholders in eco-
tourism management and creative economy. Jurnal Studi Perhotelan dan Pariwisata, 3(1), 31-39. 
https://doi.org/10.35912/jspp.v3i1.4499  

Atmojo, M. E., & Fridayani, H. D. (2023). Bridging the urban-rural divide: exploring the potential of smart 
technologies for rural micro-enterprises in Yogyakarta city, Indonesia. E3S Web of Conferences, 440, Article 
02005. https://doi.org/10.1051/e3sconf/202344002005 

Bainomugisha, E., & Mwotil, A. (2021). Crane cloud: A resilient multi-cloud service layer for resource con-
strained settings. Research Square. https://doi.org/10.21203/rs.3.rs-785341/v1 

Bandyopadhyay, S., Bhattacharyya, S., & Basak, J. (2020). Social knowledge management for rural empowerment: Bridging 
the knowledge divide using social technologies. Routledge. https://doi.org/10.4324/9780429320170 

Barinta, D. (2023). The role of knowledge management orientation in driving the performance of MSMEs. 
Southeast Asian Business Review, 1(2), 156-168. https://doi.org/10.20473/sabr.v1i2.51666 

Basak, J., & Bhaumik, P. (2023). A community-driven social knowledge management framework for bridging 
rural–urban knowledge divide using social technology. The Electronic Journal of Information Systems in Developing 
Countries, 90(3), e12306. https://doi.org/10.1002/isd2.12306 

Boehm, B. W. (1981). Software engineering economics. Prentice-Hall. 

https://doi.org/10.70135/seejph.vi.2462
https://doi.org/10.58812/esee.v2i03.237
https://doi.org/10.36390/telos262.13
https://doi.org/10.24843/jmhu.2023.v12.i02.p01
https://doi.org/10.1177/21582440211044178
https://doi.org/10.2991/assehr.k.210424.024
https://doi.org/10.2991/assehr.k.210424.024
https://doi.org/10.33022/ijcs.v12i6.3521
https://doi.org/10.3837/tiis.2024.02.007
https://doi.org/10.35912/jspp.v3i1.4499
https://doi.org/10.1051/e3sconf/202344002005
https://doi.org/10.21203/rs.3.rs-785341/v1
https://doi.org/10.4324/9780429320170
https://doi.org/10.20473/sabr.v1i2.51666
https://doi.org/10.1002/isd2.12306


Koniyo, Amali, Hinelo, Tuloli, Zakaria, & Katili 

31 

Bourke, L. (2025). Impacts of university departments of rural health to their regions through intellectual capital. 
Australian Journal of Rural Health, 33(4), e70081. https://doi.org/10.1111/ajr.70081 

Broekhuizen, T., Broekhuis, M., Gijsenberg, M., & Wieringa, J. (2021). Introduction to the special issue – Digi-
tal business models: A multi-disciplinary and multi-stakeholder perspective. Journal of Business Research, 122, 
847-852. https://doi.org/10.1016/j.jbusres.2020.04.014 

Cabour, G., Ledoux, É., & Bassetto, S. (2021). Extending system performance past the boundaries of technical 
maturity: human-agent teamwork perspective for industrial inspection. In N. L. Black, W. P. Neumann, & 
I. Noy (Eds), Proceedings of the 21st Congress of the International Ergonomics Association (pp. 75-83). Springer. 
https://doi.org/10.1007/978-3-030-74602-5_12 

Camba, M. T. M. (2024). Sacol Island: A smart village in Zamboanga City (Case study for the Multistakeholder Forum on 
Science, Technology and Innovation for the SDGs). United Nations. https://sdgs.un.org/sites/default/files/2024-
05/Camba_Sacol%20Island.pdf  

Carayannis, E., & Morawska, J. (2022). The futures of Europe: Society 5.0 and industry 5.0 as driving forces of 
future universities. Journal of the Knowledge Economy, 13(4), 3445-3471. https://doi.org/10.1007/s13132-021-
00854-2 

Castillo López, M. I., Eslava, A. L., de la Cruz Martínez, G., & Ortega Arjona, J. L. (2023). Agile, user-centered 
design and quality in software processes for mobile application development teaching. International Journal of 
Software Engineering & Applications, 15(5), 1–17. https://doi.org/10.5121/ijsea.2023.14501 

Chen, X., Cheng, X., Zhang, T., & Guo, H. (2024). How do information and communication technology plat-
forms shape rural e-governance: The case of Zhao-lou Village on the WeCounty platform. Information Sys-
tems Journal, 35(2), 545-576. https://doi.org/10.1111/isj.12551 

Chen, Y., Cottam, E., & Lin, Z. (2020). The effect of resident-tourist value co-creation on residents’ well-being. 
Journal of Hospitality and Tourism Management, 44, 30-37. https://doi.org/10.1016/j.jhtm.2020.05.009 

Correani, A., Massis, A., Frattini, F., Petruzzelli, A., & Natalicchio, A. (2020). Implementing a digital strategy: 
Learning from the experience of three digital transformation projects. California Management Review, 62(4), 
37-56. https://doi.org/10.1177/0008125620934864 

Cui, Y., Zada, I., Shahzad, S., Nazir, S., Khan, S., Hussain, N., & Asshad, M. (2021). Analysis of service-ori-
ented architecture and scrum software development approach for IIoT. Scientific Programming, 2021(1), 
6611407. https://doi.org/10.1155/2021/6611407 

Davis, C., Roy, T., Peterson, L., & Bazemore, A. (2022). Evaluating the teaching health center graduate medical 
education model at 10 years: Practice-based outcomes and opportunities. Journal of Graduate Medical Educa-
tion, 14(5), 599-605. https://doi.org/10.4300/jgme-d-22-00187.1 

de Souza, É. F., de Almeida Falbo, R., Vijaykumar, N. L., Felizardo, K. R., Meinerz, G. V., Specimille, M. S., & 
Coelho, A. G. (2021). Development of an ontology-based approach for knowledge management in soft-
ware testing: An experience report. Journal of Software Engineering Research and Development, 9(1), 12:1-12:21. 
https://doi.org/10.5753/jserd.2021.1898 

Diva, M., & Priyadi, Y. (2020). Designing business models through a combination of BMC and UML methods 
at Eiger Adventure Store Bandung. Intensif Jurnal Ilmiah Penelitian dan Penerapan Teknologi Sistem Informasi, 
4(2), 184-202. https://doi.org/10.29407/intensif.v4i2.14097 

Dubey, A., & Ranjan, R. (2024). Assessing the impact of digital transformation on business operations: A case 
study analysis. Economic Sciences, 20(2), 146-158. https://doi.org/10.69889/dxqj8d83 

Effendi, S., Sukoharsono, E., Purwanti, L., & Rosidi. (2023). Building partnership or competition: Village busi-
ness sustainability in Indonesia. Sustainability, 15(18), 13703. https://doi.org/10.3390/su151813703 

Eiraldi, R., Comly, R., Goldstein, J., Khanna, M., McCurdy, B., Rutherford, L., Henson, K., Bevenour, P., Fran-
cisco, J., & Jawad, A. (2023). Development of an online training platform and implementation strategy for 
school-based mental health professionals in rural elementary schools: a mixed-methods study. School Mental 
Health, 15(3), 692-709. https://doi.org/10.1007/s12310-023-09582-1 

https://doi.org/10.1111/ajr.70081
https://doi.org/10.1016/j.jbusres.2020.04.014
https://doi.org/10.1007/978-3-030-74602-5_12
https://sdgs.un.org/sites/default/files/2024-05/Camba_Sacol%20Island.pdf
https://sdgs.un.org/sites/default/files/2024-05/Camba_Sacol%20Island.pdf
https://doi.org/10.1007/s13132-021-00854-2
https://doi.org/10.1007/s13132-021-00854-2
https://doi.org/10.5121/ijsea.2023.14501
https://doi.org/10.1111/isj.12551
https://doi.org/10.1016/j.jhtm.2020.05.009
https://doi.org/10.1177/0008125620934864
https://doi.org/10.1155/2021/6611407
https://doi.org/10.4300/jgme-d-22-00187.1
https://doi.org/10.5753/jserd.2021.1898
https://doi.org/10.29407/intensif.v4i2.14097
https://doi.org/10.69889/dxqj8d83
https://doi.org/10.3390/su151813703
https://doi.org/10.1007/s12310-023-09582-1


Pentahelix-Based Digital KMS for Rural Enterprises 

32 

Ertürkmen, G., Yüksel, M., Baskaya, M., Sarigül, B., Teoman, A., Yilmaz, G., & Manuel, E. (2021). Interopera-
bility architecture of the ADLIFE patient empowerment platform. In Public health and informatics (Studies in 
Health Technology and Informatics, 281, 936–941. https://doi.org/10.3233/shti210316   

Fahmi, F., & Savira, M. (2021). Digitalization and rural entrepreneurial attitude in Indonesia: A capability ap-
proach. Journal of Enterprising Communities People and Places in the Global Economy, 17(2), 454-478. 
https://doi.org/10.1108/jec-06-2021-0082 

Fofuh, P., & Awolusi, O. (2021). Corporate social responsibility in Cameroon: Practices and environmental im-
pact. Journal of Education and Vocational Research, 12(1(V)), 1-18. 
https://doi.org/10.22610/jevr.v12i1(v).3205 

Gwanyemba, J., & Kilonzo, R. (2023). Accessibility of institutional support to nonfarm micro manufacturing 
enterprises in rural Tanzania. International Journal of Social Science Research and Review, 6(6), 101-111. 
https://doi.org/10.47814/ijssrr.v6i6.1233 

Hall, S. (2023). Knowledge management for the micro enterprise: A taxonomy. Proceedings of the 24th European 
Conference on Knowledge Management, 24(1), 491-498. https://doi.org/10.34190/eckm.24.1.1268 

Hangui, S. (2024). A structural model of customer experience in rural tourism. Consumer Behavior in Tourism and 
Hospitality, 19(4), 633-645. https://doi.org/10.1108/cbth-03-2024-0088 

Hasanah, S., Imsar, I., & Tambunan, K. (2024). Pentahelix in the development of Paloh Naga Agrotourism on 
the socio-economics of village communities from an Islamic economic perspective. Sentralisasi, 13(2), 162-
179. https://doi.org/10.33506/sl.v13i2.3270 

Hirawati, H., Sijabat, Y., & Giovanni, A. (2021). Financial literacy, risk tolerance, and financial management of 
micro-enterprise actors. Society, 9(1), 174-186. https://doi.org/10.33019/society.v9i1.277 

Hirschey, R., Rohweder, C., Zahnd, W., Eberth, J., Adsul, P., Guan, Y., & Askelson, N. (2023). Prioritizing ru-
ral populations in state comprehensive cancer control plans: A qualitative assessment. Cancer Causes & Con-
trol, 34(S1), 159-169. https://doi.org/10.1007/s10552-023-01673-3 

Hiryanto, L., Hutagaol, O., Rafly, M., Angelina, M., Hartanto, H., & Gavrilla, L. (2024). Multiple themes in aug-
mentative and alternative communication mobile application for autistic children with speech difficulties. 
Journal of Southwest Jiaotong University, 59(2), 148-167. https://doi.org/10.35741/issn.0258-2724.59.2.10 

Holmes, W., Iniesto, F., Anastopoulou, S., & Boticario, J. (2023). Stakeholder perspectives on the ethics of AI 
in distance-based higher education. The International Review of Research in Open and Distributed Learning, 24(2), 
96-117. https://doi.org/10.19173/irrodl.v24i2.6089 

Ibrahim, A., & Alenezi, A. (2024). Leveraging Qardh al-Hasan within Islamic finance: A conceptual framework 
for advancing sustainable development among early-stage enterprises. Tazkia Islamic Finance and Business 
Review, 18(1), 18-54. https://doi.org/10.30993/tifbr.v18i1.368 

Intezari, A., Namvar, M., & Taghinejad, R. (2021). Knowledge Identity (KI): A new approach to integrating 
knowledge management into enterprise systems. Proceedings of the 54th Hawaii International Conference on System 
Sciences, 4890-4899. https://doi.org/10.24251/hicss.2021.594 

Jansen, L., & Kalas, P. (2020). Improving governance of tenure in policy and practice: A conceptual basis to 
analyze multi-stakeholder partnerships for multi-stakeholder transformative governance illustrated with an 
example from South Africa. Sustainability, 12(23), 9901. https://doi.org/10.3390/su12239901 

Kakisina, L. (2023). Integration of local farmers’ knowledge for sustainable agriculture (case study of horticul-
tural farmers in Waihatu village). International Journal of Multidisciplinary Applied Business and Education Research, 
4(9), 3429-3445. https://doi.org/10.11594/ijmaber.04.09.27 

Kalibala, S., Sinaï, I., & Nutley, T. (2021). Documenting HIV research-utilization activities, outputs and out-
comes: Examples and lessons learned from project soar. Archives of Public Health, 79, Article 99. 
https://doi.org/10.1186/s13690-021-00628-x 

Kania, I., Anggadwita, G., & Alamanda, D. (2021). A new approach to stimulate rural entrepreneurship 
through village-owned enterprises in Indonesia. Journal of Enterprising Communities People and Places in the 
Global Economy, 15(3), 432-450. https://doi.org/10.1108/jec-07-2020-0137 

https://doi.org/10.3233/shti210316
https://doi.org/10.1108/jec-06-2021-0082
https://doi.org/10.22610/jevr.v12i1(v).3205
https://doi.org/10.47814/ijssrr.v6i6.1233
https://doi.org/10.34190/eckm.24.1.1268
https://doi.org/10.1108/cbth-03-2024-0088
https://doi.org/10.33506/sl.v13i2.3270
https://doi.org/10.33019/society.v9i1.277
https://doi.org/10.1007/s10552-023-01673-3
https://doi.org/10.35741/issn.0258-2724.59.2.10
https://doi.org/10.19173/irrodl.v24i2.6089
https://doi.org/10.30993/tifbr.v18i1.368
https://doi.org/10.24251/hicss.2021.594
https://doi.org/10.3390/su12239901
https://doi.org/10.11594/ijmaber.04.09.27
https://doi.org/10.1186/s13690-021-00628-x
https://doi.org/10.1108/jec-07-2020-0137


Koniyo, Amali, Hinelo, Tuloli, Zakaria, & Katili 

33 

Karpati, D., Najjar, A., & Ambrossio, D. (2020). Ethics of food recommender applications. Proceedings of the 
AAAI/ACM Conference on AI, Ethics, and Society (pp. 313-319). Association for Computing Machinery. 
https://doi.org/10.1145/3375627.3375874 

Katili, M. R., Yahya, L., Tuloli, M. S., & Amali, L. N. (2025). Mendirikan ekosistem pangan desa: Sinergi 
BUMDesa, pemetaan potensi, dan platform digital [Building village food ecosystems: Synergy of village-
owned enterprises, potential mapping, and digital platforms. Jurnal Sibermas (Sinergi Pemberdayaan 
Masyarakat), 14(3), 186-198. https://doi.org/10.37905/sibermas.v14i3.34579 

Kopp, A. (2022). Guidelines and a software tool for quality assessment of BPMN business process models. 
Journal of Emerging Technologies, 2(2), 55-65. https://doi.org/10.57040/jet.v2i2.197 

Kuneva, L., & Hough, K. (2023). Fostering inclusion for refugees and migrants and building trust in the digital 
public space. Transforming Government: People, Process, and Policy, 17(3), 412-423. https://doi.org/10.1108/tg-
10-2022-0137 

Li, Y., Xia, L., Li, W., Qiu, M., & Utomo, S. (2024). How are rural homestays achieving sustainable develop-
ment in the post-COVID-19 period: Value co-creation by operators, tourists, and government. Sustainabil-
ity, 16(3), 1088. https://doi.org/10.3390/su16031088 

Lillis, T., Twiner, A., Balkow, M., Lucas, G., Smith, M., & Leedham, M. (2025). Reflections on the procedural 
and practical ethics in researching professional social work writing. Journal of Applied Linguistics and Profes-
sional Practice, 18(3). https://doi.org/10.3138/jalpp.20014 

Logunova, I. V., Salikov, Y. A., Kablashova, I. V., Amelin, S. V., & Enina, E. P. (2020). Modernization of qual-
ity management system in the conditions of digital transformation of enterprise. Advances in Economics, Busi-
ness and Management Research (pp. 417-422). Atlantis Press. https://doi.org/10.2991/aebmr.k.200730.076 

Luca, C., López-Murcia, J., Conticelli, E., Santangelo, A., Perello, M., & Tondelli, S. (2021). Participatory pro-
cess for regenerating rural areas through heritage-led plans: The RURITAGE community-based methodol-
ogy. Sustainability, 13(9), 5212. https://doi.org/10.3390/su13095212 

Luo, G., Yang, Y., & Wang, L. (2023). Driving rural industry revitalization in the digital economy era: Explor-
ing strategies and pathways in China. PLoS One, 18(9), e0292241. https://doi.org/10.1371/jour-
nal.pone.0292241 

McCabe, T. J. (1976). A complexity measure. IEEE Transactions on Software Engineering, SE-2(4), 308-320. 
https://doi.org/10.1109/TSE.1976.233837 

Miklošík, A., Evans, N., & Hlavaty, I. (2021). Communicating knowledge-focus through websites of higher ed-
ucation institutions. Journal of Information Science, 49(3), 666-684. 
https://doi.org/10.1177/01655515211014475 

Milano, S., Taddeo, M., & Floridi, L. (2020). Recommender systems and their ethical challenges. AI & Society, 
35(4), 957-967. https://doi.org/10.1007/s00146-020-00950-y 

Monda, A., Feola, R., Parente, R., Vesci, M., & Botti, A. (2023). Rural development and digital technologies: A 
collaborative framework for policy-making. Transforming Government: People, Process, and Policy, 17(3), 328-343. 
https://doi.org/10.1108/tg-12-2022-0162 

Mukti, I., Firdausy, D., Aldea, A., & Iacob, M. (2022). Architecting rural smartness: A collaborative platform 
design for rural digital business ecosystem. The Electronic Journal of Information Systems in Developing Countries, 
89(1), e12236. https://doi.org/10.1002/isd2.12236 

Murphy, C., Evans, S., Askelson, N., Eberth, J., & Zahnd, W. (2021). Extent of inclusion of “rural” in compre-
hensive cancer control plans in the United States. Preventing Chronic Disease, 18, 210091. 
https://doi.org/10.5888/pcd18.210091 

Nam, H., Nam, T., & Kim, S. (2024). Identifying the determinants of platform-based e-government service use. 
Journal of Global Information Management, 32(1), 1-21. https://doi.org/10.4018/jgim.336554 

Nguyen, T., & Dang, L. T. T. (2024). Evaluating digital transformation preparedness among Vietnamese enter-
prises. Ho Chi Minh City Open University Journal of Science - Economics and Business Administration, 15(3), 21-43. 
https://doi.org/10.46223/hcmcoujs.econ.en.15.3.3349.2025 

https://doi.org/10.1145/3375627.3375874
https://doi.org/10.37905/sibermas.v14i3.34579
https://doi.org/10.57040/jet.v2i2.197
https://doi.org/10.1108/tg-10-2022-0137
https://doi.org/10.1108/tg-10-2022-0137
https://doi.org/10.3390/su16031088
https://doi.org/10.3138/jalpp.20014
https://doi.org/10.2991/aebmr.k.200730.076
https://doi.org/10.3390/su13095212
https://doi.org/10.1371/journal.pone.0292241
https://doi.org/10.1371/journal.pone.0292241
https://doi.org/10.1109/TSE.1976.233837
https://doi.org/10.1177/01655515211014475
https://doi.org/10.1007/s00146-020-00950-y
https://doi.org/10.1108/tg-12-2022-0162
https://doi.org/10.1002/isd2.12236
https://doi.org/10.5888/pcd18.210091
https://doi.org/10.4018/jgim.336554
https://doi.org/10.46223/hcmcoujs.econ.en.15.3.3349.2025


Pentahelix-Based Digital KMS for Rural Enterprises 

34 

Olmedo, L., & O’Shaughnessy, M. (2022). Community-based social enterprises as actors for neo-endogenous 
rural development: A multi-stakeholder approach. Rural Sociology, 87(4), 1191-1218. 
https://doi.org/10.1111/ruso.12462 

Olszewski, M. (2021). Effect of cooperation with universities on the innovativeness of tourism enterprises. 
Polish Journal of Sport and Tourism, 28(1), 30-34. https://doi.org/10.2478/pjst-2021-0006 

Parthiban, R., Sun, R., Qureshi, I., & Bandyopadhyay, S. (2024). Empowering rural micro-entrepreneurs 
through technoficing: A process model for mobilizing and developing indigenous knowledge. The Journal of 
Strategic Information Systems, 33(2), 101836. https://doi.org/10.1016/j.jsis.2024.101836 

Pribadi, U., Sakir, S., Juhari, J., Naufal, R., & Ani, S. (2023). Unlocking the potential of village-owned enter-
prises (bumdes) in the digital era: A case study on optimizing e-commerce application development in 
Sumberarum village, Moyudan, Sleman. Proceeding of the International Conference of Community Service, 387-394. 
https://doi.org/10.18196/iccs.v1i1.80 

Prikshat, V., Patel, P., Varma, A., & Ishizaka, A. (2022). A multi-stakeholder ethical framework for AI-aug-
mented HRM. International Journal of Manpower, 43(1), 226-250. https://doi.org/10.1108/ijm-03-2021-0118 

Putra, I., Sajida, S., Luthfi, A., Hardianti, B., & Absharina, A. (2023). Dynamics governance in BUMDES man-
agement: study of BUMDES Tugu Kuning, Pacitan, East Java. Jurnal Manajemen dan Ilmu Administrasi Pub-
lik, 5(2), 181-190. https://doi.org/10.24036/jmiap.v5i2.640 

Rahu, D. P., & Suprayitno. (2021). Kolaborasi model Pentahelix dalam pengembangan desa wisata Sei Gohong 
Kecamatan Bukit Batu Kota Palangka Raya [Pentahelix collaboration model in developing tourism villages: 
The case of Sei Gohong, Bukit Batu District, Palangka Raya City]. Jurnal Ilmu Sosial, Politik dan Pemerintahan, 
10(1), 13-24.  

Ramanauskas, J., Vienažindienė, M., Rauluškevičienė, J., & Žukovskis, J. (2021). Collaboration perspectives de-
veloping sustainable agriculture: The case of Lithuanian farmers. European Countryside, 13(4), 697-714. 
https://doi.org/10.2478/euco-2021-0037 

Revida, E., Ismail, R., Lumbanraja, P., Trimurni, F., Sembiring, S., & Purba, S. (2023). Village-owned enter-
prises (BUMDES) governance based on tourism village development. International Journal of Sustainable De-
velopment and Planning, 18(10), 3341-3346. https://doi.org/10.18280/ijsdp.181034 

Romanelli, M. (2023). Towards sustainable rural communities. European Conference on Knowledge Management, 
24(2), 1123-1128. https://doi.org/10.34190/eckm.24.2.1769 

Romero-Rodríguez, J.-M., Ramírez-Montoya, M.-S., Aznar-Díaz, I., & Hinojo-Lucena, F.-J. (2020). Social ap-
propriation of knowledge as a key factor for local development and open innovation: A systematic review. 
Journal of Open Innovation: Technology, Market, and Complexity, 6(2), 44. 
https://doi.org/10.3390/joitmc6020044 

Rose, M., & Ghazali, M. (2023). Improving navigation for blind people in the developing countries: A UI/UX 
perspective. Journal of Human Centered Technology, 2(1), 1-10. https://doi.org/10.11113/humentech.v2n1.31 

Saboia, M., Clark, L., Thangavelu, V., Edlund, J. A., Otsu, K., Correa, G. J., Varadharajan, V. S., Santamaria-
Navarro, A., Touma, T., Bouman, A., Melikyan, H., Pailevanian, T., Kim, S.-K., Archanian, A., Vaquero, 
T. S., Beltrame, G., Napp, N., Pessin, G., & Agha-mohammadi, A. (2022). ACHORD: Communication-
aware multi-robot coordination with intermittent connectivity. IEEE Robotics and Automation Letters, 7(4), 
10184-10191. https://doi.org/10.1109/LRA.2022.3193240 

Sentanu, I., Prabowo, A., Kumalasari, K., Galih, A., & Wismanu, R. (2021). Stakeholder collaboration model 
for ecotourism development in Indonesia: Case study from Batu city, East Java province. Journal of Govern-
ment and Civil Society, 5(2), 214. https://doi.org/10.31000/jgcs.v5i2.4420 

Shee, A., Quilliam, C., Corboy, D., Glenister, K., McKinstry, C., Beauchamp, A., & McNamara, K. (2022). 
What shapes research and research capacity building in rural health services? Context matters. Australian 
Journal of Rural Health, 30(3), 410-421. https://doi.org/10.1111/ajr.12852 

Shirole, M., & Kumar, R. (2021). Concurrency coverage criteria for activity diagrams. IET Software, 15(1), 43-54. 
https://doi.org/10.1049/sfw2.12009 

https://doi.org/10.1111/ruso.12462
https://doi.org/10.2478/pjst-2021-0006
https://doi.org/10.1016/j.jsis.2024.101836
https://doi.org/10.18196/iccs.v1i1.80
https://doi.org/10.1108/ijm-03-2021-0118
https://doi.org/10.24036/jmiap.v5i2.640
https://doi.org/10.2478/euco-2021-0037
https://doi.org/10.18280/ijsdp.181034
https://doi.org/10.34190/eckm.24.2.1769
https://doi.org/10.3390/joitmc6020044
https://doi.org/10.11113/humentech.v2n1.31
https://doi.org/10.1109/LRA.2022.3193240
https://doi.org/10.31000/jgcs.v5i2.4420
https://doi.org/10.1111/ajr.12852
https://doi.org/10.1049/sfw2.12009


Koniyo, Amali, Hinelo, Tuloli, Zakaria, & Katili 

35 

Sigalla, O., Tumbo, M., & Joseph, J. (2021). Multi-stakeholder platform in water resources management: A criti-
cal analysis of stakeholders’ participation for sustainable water resources. Sustainability, 13(16), 9260. 
https://doi.org/10.3390/su13169260 

Siskawati, E., Suwito, Yuminarti, U., & Witono, B. (2022). Analysis of the investors’ motivation for social in-
vestment to the enterprises owned by the village. Economic Annals-ХXI, 198(7-8), 45-50. 
https://doi.org/10.21003/ea.v198-06 

Slattery, P., Saeri, A., & Bragge, P. (2020). Research co-design in health: A rapid overview of reviews. Health 
Research Policy and Systems, 18, Article 17. https://doi.org/10.1186/s12961-020-0528-9 

Song, W., Jacobsen, H., Cheung, S., Liu, H., & Ma, X. (2021). Workflow refactoring for maximizing concur-
rency and block-structuredness. IEEE Transactions on Services Computing, 14(4), 1224-1237. 
https://doi.org/10.1109/tsc.2018.2867593 

Sophia, U., Lubis, D. P., Soetarto, E., Hapsari, D. R., & Sarwoprasodjo, S. (2025). Digitalizing SECI-based 
knowledge management for village-owned enterprise governance: A case study of Bintan regency, Indone-
sia. Jurnal Riset Komunikasi, 8(2), 346-358.  

Sumarna, E., Geohansa, A., Kania, I., Akbar, G. G., & Ulumudin, A. (2025). The Penta Helix model in tourism 
village development: A case study of Samida, Garut Regency. Ilomata International Journal of Social Science, 
6(2), 748-761. https://doi.org/10.61194/ijss.v6i2.1683 

Tang, J., & Zhao, X. (2023). Does the new digital infrastructure improve total factor productivity? Bulletin of 
Economic Research, 75(4), 895-916. https://doi.org/10.1111/boer.12388 

Taratori, R., Fiscal, P., Pacho, M., Koutra, S., Pareja-Eastaway, M., & Thomas, D. (2021). Unveiling the evolu-
tion of innovation ecosystems: An analysis of triple, quadruple, and quintuple helix model innovation sys-
tems in European case studies. Sustainability, 13(14), 7582. https://doi.org/10.3390/su13147582 

Trabucchi, D., Bellis, P., Buganza, T., Canterino, F., Shani, A., Verganti, R., & Press, J. (2024). Leading impact-
ful research: Applying platform thinking to drive collaborative inquiry in the innovation field. European 
Journal of Innovation Management, 27(9), 408-436. https://doi.org/10.1108/ejim-11-2023-0975 

Tsipi, L., Vouyioukas, D., Loumos, G., Κάργας, Α., & Varoutas, D. (2023). Digital repository as a service (D-
RaaS): Enhancing access and preservation of cultural heritage artifacts. Heritage, 6(10), 6881-6900. 
https://doi.org/10.3390/heritage6100359 

Uriawan, W., Asgari, Y., Imron, R., Irhamnillah, S., Pitriani, P., & Rijan, W. (2024). Increase productivity with 
Tasknest as daily log and project planner. Preprint. https://doi.org/10.20944/preprints202406.2054.v1 

Vanderlinden, J., Rouhaud, E., & Touili, N. (2022). Knowledge and its legitimacy: an exploratory (meta)ethical 
framework-based analysis of narratives on coastal flooding risks in a changing climate. Frontiers in Climate, 
4. https://doi.org/10.3389/fclim.2022.656986 

van Ewijk, E., Ataa-Asantewaa, M., Asubonteng, K. O., Van Leynseele, Y. P. B., Derkyi, M., Laven, A., & Ros-
Tonen, M. A. F. (2024). Farmer-centred multi-stakeholder platforms: From iterative approach to conceptual embedding. 
Journal of the Knowledge Economy, 15, 17077–17107. https://doi.org/10.1007/s13132-023-01661-7 

van Twuijver, M. W., Olmedo, L., O’Shaughnessy, M., & Hennessy, T. (2020). Rural social enterprises in Eu-
rope: A systematic literature review. Local Economy: The Journal of the Local Economy Policy Unit, 35(2), 121-
142. https://doi.org/10.1177/0269094220907024 

Wa, D., & Zhang, Z. (2023). Research on e-government adoption in environmental governance from the per-
spective of public participation: Empirical analysis based on 31 provinces in China. Polish Journal of Environ-
mental Studies, 32(2), 1383-1391. https://doi.org/10.15244/pjoes/153076 

Wang, C. (2025). An empirical study on assessing the role of digital platforms in shaping entrepreneurial oppor-
tunities. Journal of Organizational and End User Computing, 37(1), 1-22. https://doi.org/10.4018/joeuc.386843 

Wang, K., Zhang, Z., Xiong, J., Li, H., Liu, H., & Ma, H. (2022). Balancing strategic renewal, cost, and effi-
ciency: A case study in digital transformation. Journal of Business Strategy, 44(5), 266-276. 
https://doi.org/10.1108/jbs-05-2022-0087 

https://doi.org/10.3390/su13169260
https://doi.org/10.21003/ea.v198-06
https://doi.org/10.1186/s12961-020-0528-9
https://doi.org/10.1109/tsc.2018.2867593
https://doi.org/10.61194/ijss.v6i2.1683
https://doi.org/10.1111/boer.12388
https://doi.org/10.3390/su13147582
https://doi.org/10.1108/ejim-11-2023-0975
https://doi.org/10.3390/heritage6100359
https://doi.org/10.20944/preprints202406.2054.v1
https://doi.org/10.3389/fclim.2022.656986
https://doi.org/10.1007/s13132-023-01661-7
https://doi.org/10.1177/0269094220907024
https://doi.org/10.15244/pjoes/153076
https://doi.org/10.4018/joeuc.386843
https://doi.org/10.1108/jbs-05-2022-0087


Pentahelix-Based Digital KMS for Rural Enterprises 

36 

Wang, Y., Xue, S., & Ding, J. (2021). Research on water pollution prediction of township enterprises based on 
support vector regression machine. E3S Web of Conferences, 228, 02014. 
https://doi.org/10.1051/e3sconf/202122802014 

Wenger, E. (1998). Communities of practice: Learning, meaning, and identity. Cambridge University Press. 
https://doi.org/10.1017/CBO9780511803932 

Widiatmoko, C., Simarmata, R., Gunadi, G., Amazihono, M., & Watimena, J. (2023). E-government as a tool to 
increase public participation in public decision making. Arrus Journal of Social Sciences and Humanities, 3(3), 
272-278. https://doi.org/10.35877/soshum1809 

Wijaya, J., Jailani, M., & Ioraa, J. (2023). Synergy and collaboration of pentahelix elements in strengthening In-
donesian cultural identity to promote nationalism in the era of the Industrial Revolution 4.0. Jurnal Pendidi-
kan PKN (Pancasila dan Kewarganegaraan), 4(1), 1-27. https://doi.org/10.26418/jppkn.v4i1.60917 

Wilson, K., Harrington, S., & Kevill, A. (2022). A taxonomy of rural micro-enterprises: Disembedded or bed-
rock of the community. The International Journal of Entrepreneurship and Innovation, 23(3), 188-202. 
https://doi.org/10.1177/14657503221099212 

Xie, F., Guan, X., Peng, X., Wang, C., Zeng, Y., Wang, Z., & Rong, B. (2024). Exploration of the deep impact 
of digital platforms on innovation and entrepreneurship activities of entrepreneurs under the information 
management framework. Sustainability, 16(10), 3919. https://doi.org/10.3390/su16103919 

Xu, Y., Zhang, X., Wang, J., & Zeng, B. (2021). Systematic development of knowledge management in state-
owned enterprises. Proceedings of the 5th International Seminar on Education, Management and Social Sciences (pp. 
811-814). Atlantis Press. https://doi.org/10.2991/assehr.k.210806.154 

Yao, Y. (2024). Digital government information platform construction: Technology, challenges, and prospects. 
International Journal of Social Sciences and Public Administration, 2(3), 48-56. https://doi.org/10.62051/ijs-
spa.v2n3.06 

Yuan, Q., Gasco-Hernandez, M., Gil-Garcia, J. R., Doke, K., Bogdanov, P., Zheleva, M., Bogdanov, P., & 
Taneja, V. (2023). Does co-creation affect the adoption of IT-enabled solutions? The case of a mobile ap-
plication for emergency preparedness. Proceedings of the 56th Hawaii International Conference on System Sciences, 
1951-1960. https://doi.org/10.24251/hicss.2023.244 

Yunas, N., Susanti, A., Izana, N., & Widyawati, W. (2023). The pentahelix model in the development of agro-
culture-based edutourism in the Taman Nasional Bromo Tengger Semeru buffer village area (a study in 
Tosari village, Pasuruan regency, and Sapikerep village, Probolinggo regency). Sodality: Jurnal Sosiologi 
Pedesaan, 11(1), 76-85. https://doi.org/10.22500/11202344218 

Yuniati, S., Susilo, D., Wirayudha, P., & Isra’iya, N. (2023). Pentahelix model in community-based tourism de-
velopment in Situbondo district. International Conference on Digital Advanced Tourism Management and Technology, 
1(2), 212-219. https://doi.org/10.56910/ictmt.v1i2.37 

Zhai, X., Zheng, L., & Lin, H. (2024). Four-party evolutionary game analysis of enterprise environmental be-
havior. PLoS One, 19(10), e0310280. https://doi.org/10.1371/journal.pone.0310280 

Zhang, B., Comite, U., Yücel, A., Liu, X., Khan, M., Husain, S., & Oláh, J. (2021). Unleashing the importance 
of TQM and knowledge management for organizational sustainability in the age of the circular economy. 
Sustainability, 13(20), 11514. https://doi.org/10.3390/su132011514 

Zhang, H., & Qian, J. (2024). Branding the ‘VBA’ (Village Basketball Association) to revitalise a Miao village: 
Platform ruralism in the making. Area, 56(3), e12951. https://doi.org/10.1111/area.12951 

Zhang, N., Yan, J., & Li, G. (2023). Development of e-commerce and innovation of rural small and medium 
enterprises. Academic Journal of Business & Management, 5(14), 76-81. 
https://doi.org/10.25236/ajbm.2023.051414 

Zhang, W. (2023). The impact of the platform economy on urban–rural integration development: Evidence 
from China. Land, 12(7), 1417. https://doi.org/10.3390/land12071417 

Zhao, X. (2024). The impact of the digital transformation strategy of manufacturing enterprises on digital inno-
vation performance. International Business & Economics Studies, 6(3), 77-89. 
https://doi.org/10.22158/ibes.v6n3p77 

https://doi.org/10.1051/e3sconf/202122802014
https://doi.org/10.1017/CBO9780511803932
https://doi.org/10.35877/soshum1809
https://doi.org/10.26418/jppkn.v4i1.60917
https://doi.org/10.1177/14657503221099212
https://doi.org/10.3390/su16103919
https://doi.org/10.2991/assehr.k.210806.154
https://doi.org/10.62051/ijsspa.v2n3.06
https://doi.org/10.62051/ijsspa.v2n3.06
https://doi.org/10.24251/hicss.2023.244
https://doi.org/10.22500/11202344218
https://doi.org/10.56910/ictmt.v1i2.37
https://doi.org/10.1371/journal.pone.0310280
https://doi.org/10.3390/su132011514
https://doi.org/10.1111/area.12951
https://doi.org/10.25236/ajbm.2023.051414
https://doi.org/10.3390/land12071417
https://doi.org/10.22158/ibes.v6n3p77


Koniyo, Amali, Hinelo, Tuloli, Zakaria, & Katili 

37 

Zhitomirsky-Geffet, M., & Hajibayova, L. (2020). A new framework for ethical creation and evaluation of 
multi-perspective knowledge organization systems. Journal of Documentation, 76(6), 1459-1471. 
https://doi.org/10.1108/jd-04-2020-0053 

AUTHORS 
Moh Hidayat Koniyo received his Doctorate in Engineering Science 
with a concentration in Information Technology from Udayana Univer-
sity, Bali, Indonesia, in 2023, with a dissertation titled “Framework 
GEMS for Evaluating e-Government Implementation.” He completed 
his Bachelor’s degree in Informatics Engineering from STMIK Bandung, 
Indonesia, in 1999, and his Master’s degree in Computer Science from 
Gadjah Mada University, Yogyakarta, Indonesia, in 2005. Since 2001, he 
has been a lecturer in the Information Systems undergraduate program in 
the Department of Informatics Engineering, Faculty of Engineering, Uni-
versitas Negeri Gorontalo, Indonesia. His research interests include In-
formation Technology governance, information technology, e-govern-
ment, artificial intelligence, and decision support systems. He can be con-

tacted at hidayat_koniyo@ung.ac.id 

 

 

Lanto Ningrayati Amali is a Professor in the Department of Informat-
ics Engineering, Faculty of Engineering, Universitas Negeri Gorontalo, 
Indonesia. She received her Doctoral degree in Information Technology 
from Universiti Utara Malaysia in 2015. Her research interests include IT 
governance, system planning, and information systems management. She 
has published and presented her research nationally and internationally. 
She can be contacted at ningrayati_amali@ung.ac.id 

 

 

 

 

 

Raflin Hinelo received his Doctorate in Management Economics from 
Tadulako University, Palu, Indonesia, with a dissertation titled “Empow-
erment Model for Competitive Apparatus in Improving the Performance 
of Village Apparatus in Gorontalo Regency Based on Local Wisdom.” He 
is an Associate Professor in the Department of Management, Faculty of 
Economics and Business, Universitas Negeri Gorontalo, Indonesia. He 
serves as Dean of the Faculty of Economics and Business and is a mem-
ber of the management scientific group. He has published 15 research ar-
ticles in journals, four books, and three conference proceedings papers. 
His research interests include management science, management eco-
nomics, and decision-making. He can be contacted at raflin@ung.ac.id 

 

 

https://doi.org/10.1108/jd-04-2020-0053
mailto:hidayat_koniyo@ung.ac.id
mailto:ningrayati_amali@ung.ac.id
mailto:raflin@ung.ac.id


Pentahelix-Based Digital KMS for Rural Enterprises 

38 

 
Mohamad Syafri Tuloli received his Doctorate in Computer Science 
from the School of Electrical Engineering and Informatics, Institut 
Teknologi Bandung, Indonesia, in 2018, with a dissertation titled “Multi-
Objective Coevolutionary Optimization Method for Mutation Testing.” 
He has been a lecturer in the Department of Information Technology, 
Faculty of Engineering, Universitas Negeri Gorontalo, Indonesia, since 
2008. His research interests include software engineering, software test-
ing, artificial intelligence, and genetic algorithms. He can be contacted at 
syafri.tuloli@ung.ac.id 

 

 

 

 

Alfian Zakaria received his Master’s degree in Software Security from 
Institut Teknologi Bandung, Indonesia, in 2015, with a thesis titled “Digi-
tal Image Steganography Using Discrete Wavelet Transform Technique in 
CIELab Color Space.” He completed his Bachelor’s degree in Infor-
mation Systems from Universitas Negeri Gorontalo in 2012. Since 2019, 
he has been a lecturer in the Department of Informatics Engineering, 
Faculty of Engineering, Universitas Negeri Gorontalo, Indonesia. His re-
search interests include software development and software security. He 
can be contacted at alfian.zakaria@ung.ac.id 

 

 

 

 

Muhammad Rifai Katili received his Doctoral degree in Information 
Technology from Universiti Utara Malaysia in 2018. He is a faculty mem-
ber in the Department of Informatics Engineering, Faculty of Engineer-
ing, Universitas Negeri Gorontalo, Indonesia. His research interests in-
clude knowledge management, IT governance, knowledge governance, 
and community empowerment. He can be contacted at 
mrifaikatili@ung.ac.id 

 

mailto:syafri.tuloli@ung.ac.id
mailto:alfian.zakaria@ung.ac.id
mailto:mrifaikatili@ung.ac.id

	Designing a Pentahelix-Based Digital Knowledge Management System for Rural Enterprises: A Prototype from Tomini Bay, Indonesia
	Abstract
	Introduction
	Literature Review
	Digital Knowledge Management for Rural Development and Community Enterprises
	Pentahelix Collaboration Model in Rural Enterprise Development
	Integrating Digital Technologies with Multi-Stakeholder Governance

	Methodology
	System Implementation
	Case Study and Requirements Elicitation
	Agile Development Process
	System Architecture and Modeling
	Prototype Features and User Interface

	Evaluation
	Evaluation Methodology
	Testing Setup and Protocols
	Black-box functional testing
	White-box structural testing
	User acceptance testing

	Evaluation Results
	Functional testing outcomes
	Code quality assessment
	User acceptance and satisfaction

	Discussion of Evaluation Findings

	Discussion
	Theoretical Implications
	Technical Implementation and Design Decisions
	Practical Implications
	Sustainability, Scalability, and Transferability

	Conclusion
	Acknowledgement
	References
	Authors

