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The era of global uncertainty is marked by interconnected challenges, including 
climate change, health crises, technological disruption, and geopolitical instability. 
These conditions require a paradigm that builds adaptive, innovative, and 
sustainable systems. This article introduces SPARK (Scientific Partnership for 
Adaptive Resilience and Knowledge) as a science-based collaborative framework 
integrating multidisciplinary partnerships, evidence-based innovation, and 
knowledge exchange to accelerate global transformation. Using a descriptive 
qualitative literature review, this study synthesizes scientific publications, 
international reports, and best practices in scientific collaboration. The findings 
show that global transformation is strengthened through collaboration among 
academia, government, industry, and society. Through five pillars Scientific 
Collaboration, Partnership, Adaptive Innovation, Resilience Building, and 
Knowledge Sharing SPARK enhances adaptive capacity, accelerates innovation, 
strengthens data-driven decision-making, and supports the SDGs. Thus, SPARK 
offers a relevant model for building a resilient, inclusive, and sustainable future 
through science, innovation, and cross-sector collaboration. 

ABSTRAK  

Era ketidakpastian global ditandai oleh berbagai tantangan yang saling terhubung, 
termasuk perubahan iklim, krisis kesehatan, disrupsi teknologi, dan 
ketidakstabilan geopolitik. Kondisi ini membutuhkan paradigma baru yang 
mampu membangun sistem yang adaptif, inovatif, dan berkelanjutan. Artikel ini 
memperkenalkan SPARK (Scientific Partnership for Adaptive Resilience and 
Knowledge) sebagai kerangka kolaboratif berbasis sains yang mengintegrasikan 
kemitraan multidisiplin, inovasi berbasis bukti, dan pertukaran pengetahuan 
untuk mempercepat transformasi global. Penelitian ini menggunakan pendekatan 
tinjauan pustaka kualitatif deskriptif dengan mensintesis publikasi ilmiah, laporan 
organisasi internasional, dan praktik terbaik dalam kolaborasi ilmiah. Hasil 
menunjukkan bahwa transformasi global dapat diperkuat melalui kolaborasi 
antara akademisi, pemerintah, industri, dan masyarakat. Melalui lima pilar utama 
Scientific Collaboration, Partnership, Adaptive Innovation, Resilience Building, 
dan Knowledge Sharing SPARK meningkatkan kapasitas adaptif, mempercepat 
penyebaran inovasi, memperkuat pengambilan keputusan berbasis data, dan 
mendukung pencapaian SDGs. Dengan demikian, SPARK menawarkan model 
transformasi yang relevan untuk membangun masa depan yang tangguh, inklusif, 
dan berkelanjutan melalui sinergi ilmu pengetahuan, inovasi, dan kolaborasi lintas 
sektor. 
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INTRODUCTION 
The contemporary world is increasingly characterized by uncertainty, complexity, and interconnected 

challenges, including climate change, health crises, technological disruption, geopolitical instability, and 
socioeconomic inequality. These challenges interact across sectors and geographical boundaries, making 
conventional and isolated approaches increasingly insufficient. The Intergovernmental Panel on Climate Change 
(IPCC) reported that approximately 3.3–3.6 billion people live in contexts that are highly vulnerable to climate 
change, demonstrating the unequal capacity of societies to respond and adapt to global disruptions (IPCC, 2022). 
Such conditions highlight the need for transformation strategies that are not only responsive to existing problems 
but are also capable of anticipating change, adapting to uncertainty, and building long-term resilience. 

The urgency of global transformation is also reflected in the progress toward the Sustainable Development 
Goals (SDGs). The Sustainable Development Goals Report 2024 reported that only 17% of SDG targets were 
assessed to be on track for achievement by 2030, while 18% showed stagnation and 17% experienced regression 
compared with the 2015 baseline (United Nations, 2024). These findings indicate that achieving sustainable 
development requires more than the formulation of targets and policies. It requires stronger mechanisms for 
translating scientific knowledge into innovation, strengthening collaboration among stakeholders, and developing 
adaptive capacities capable of responding to rapidly changing circumstances. 

Science and innovation have an important role in addressing these challenges. Scientific knowledge provides 
evidence for understanding emerging problems, while innovation enables knowledge to be transformed into 
practical solutions. However, the impact of science and innovation depends significantly on the ability of different 
actors to collaborate, exchange knowledge, and translate research findings into real-world applications. Nix et al. 
(2019) emphasized that addressing complex global challenges requires research collaboration that integrates 
multiple disciplinary perspectives and connects scientific knowledge with local practices. This perspective 
demonstrates that scientific collaboration should not be limited to interactions among researchers but should also 
create connections with communities and other stakeholders to generate sustainable and context-relevant 
solutions. 

The importance of collaboration is further demonstrated by Cundill et al. (2019), who examined large-scale 
transdisciplinary adaptation research involving researchers and practitioners across multiple countries. Their 
findings indicate that successful collaboration is influenced not only by research design but also by relational and 
systemic factors, including trust, mutual respect, leadership, institutional arrangements, and relationships among 
participating actors. This suggests that scientific collaboration requires a strong partnership ecosystem in which 
academia, government, industry, civil society, and communities can contribute their respective knowledge, 
resources, and capabilities. 

At the same time, innovation cannot be separated from the continuous exchange of knowledge. Castañeda and 
Cuellar (2020), through a systematic review of 7,991 publications, identified a strong relationship between 
knowledge sharing and innovation. Their findings indicate that the exchange of knowledge, expertise, information, 
and experience contributes to the development of innovative capabilities. Knowledge sharing therefore represents 
an important mechanism for transforming scientific knowledge into innovation and enabling innovations to be 
adapted to different needs and contexts. 

Although previous studies have examined scientific collaboration, transdisciplinary partnerships, innovation, 
resilience, and knowledge sharing, these dimensions are often discussed separately or within specific sectors and 
contexts. Scientific collaboration emphasizes the integration of knowledge, partnership focuses on relationships 
among stakeholders, innovation addresses the development of solutions, resilience emphasizes adaptive capacity, 
and knowledge sharing facilitates the circulation of knowledge. However, there remains a conceptual opportunity 
to integrate these dimensions into a collaborative framework that explicitly connects science, innovation, 
partnership, adaptation, resilience, and knowledge exchange as interconnected components of global 
transformation. 

This gap provides the basis for introducing SPARK (Scientific Partnership for Adaptive Resilience and 
Knowledge). SPARK is proposed as a collaborative framework that positions science and innovation as 
interconnected drivers of transformation in an era of uncertainty. The framework consists of five core pillars: 
Scientific Collaboration, Partnership, Adaptive Innovation, Resilience Building, and Knowledge Sharing. These 
pillars are designed to create an ecosystem in which scientific knowledge can be collaboratively generated, 
transformed into adaptive innovations, implemented through cross-sectoral partnerships, used to strengthen 
resilience, and continuously shared to support collective learning. 

The distinctive contribution of SPARK lies in its integration of science and innovation within a continuous 
collaborative cycle. Rather than positioning scientific knowledge merely as an output of research, SPARK 
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conceptualizes science as a strategic foundation for collaboration and innovation. Through this approach, 
knowledge generation can lead to partnership, partnership can facilitate innovation, innovation can strengthen 
resilience, and knowledge sharing can enable continuous learning and further scientific collaboration. This 
interconnected process provides a conceptual pathway for transforming uncertainty from a source of vulnerability 
into an opportunity for adaptive and sustainable development. 

Therefore, this article aims to develop and describe SPARK: Scientific Partnership for Adaptive Resilience and 
Knowledge as a collaborative framework for supporting global transformation through science and innovation 
collaboration in an era of uncertainty. Using a descriptive qualitative literature review, this study synthesizes scientific 

publications, international organizational reports, and documented practices of cross-sectoral collaboration to examine 

how the five pillars of SPARK can be integrated into a coherent framework for fostering adaptive, resilient, inclusive, 

and sustainable global transformation. 

 
METHODS 

This study employed a descriptive qualitative literature review approach to explore and synthesize scientific 
evidence related to scientific collaboration, partnership, adaptive innovation, resilience building, and knowledge 
sharing in the context of global transformation. The literature review was conducted through several systematic 
stages. First, relevant literature was identified from scientific publications, reports from international organizations, 
and documented best practices concerning cross-sectoral and international science collaboration. Second, the 
selected literature was screened based on its relevance to the research focus, particularly studies discussing 
collaboration, innovation, resilience, knowledge exchange, and sustainable development.  

Third, relevant information was extracted and organized according to the five core pillars of the proposed 
SPARK framework: Scientific Collaboration, Partnership, Adaptive Innovation, Resilience Building, and 
Knowledge Sharing. Fourth, the findings were analyzed descriptively and thematically by comparing recurring 
concepts, relationships, and contributions identified across the literature. Finally, the synthesized findings were 
integrated to formulate the SPARK (Scientific Partnership for Adaptive Resilience and Knowledge) framework as 
a conceptual model for supporting adaptive, resilient, inclusive, and sustainable global transformation. The analysis 
emphasized the relationship between scientific knowledge, cross-sectoral collaboration, innovation, adaptive 
capacity, and knowledge dissemination to identify how these elements can be integrated into a coherent 
transformation framework. 
 
RESULTS AND DISCUSSIONS  

The literature synthesis identified five core components that consistently emerged as relevant to addressing 
complex and uncertain global challenges: Scientific Collaboration, Partnership, Adaptive Innovation, Resilience 
Building, and Knowledge Sharing. These five components were subsequently integrated into the proposed SPARK 
(Scientific Partnership for Adaptive Resilience and Knowledge) framework. The first finding indicates that 
Scientific Collaboration serves as the foundation for integrating knowledge from different scientific disciplines. 
The literature demonstrates that complex global challenges require multiple perspectives and expertise rather than 
solutions derived from a single discipline. 

The second finding highlights Partnership as an essential component for connecting scientific knowledge with 
practical implementation. The synthesis indicates that collaboration becomes more effective when academic 
institutions work together with government, industry, communities, and other stakeholders. The third finding 
identifies Adaptive Innovation as a mechanism for transforming knowledge into solutions that can respond to 
changing environmental and societal conditions. Innovation within the framework is not limited to technological 
development but also includes the adaptation of approaches, strategies, and practices. 

The fourth finding is Resilience Building, which represents the capacity of individuals, institutions, 
communities, and systems to anticipate, respond to, adapt to, and recover from disruption. The literature indicates 
that resilience is closely connected to adaptive capacity and continuous learning. The fifth finding is Knowledge 
Sharing, which functions as a mechanism for distributing knowledge across disciplines, institutions, and 
stakeholder groups. Knowledge sharing enables learning, supports innovation, and allows successful practices to 
be replicated or adapted in different contexts. The five findings are summarized in Table 1. 
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Table 1. Synthesis of the Five Core Pillars of the SPARK Framework 

SPARK Pillar Main Finding Primary Function 

Scientific Collaboration Integrates knowledge and 
perspectives from multiple 
disciplines. 

Generates comprehensive 
evidence and knowledge. 

Partnership Connects academia, government, 
industry, and society. 

Bridges knowledge with practical 
implementation. 

Adaptive Innovation Transforms knowledge into 
context-responsive solutions. 

Accelerates innovation and 
adaptation. 

Resilience Building Strengthens the capacity to 
anticipate and respond to 
disruption. 

Enhances adaptive capacity and 
systemic resilience. 

Knowledge Sharing Facilitates the circulation and 
exchange of knowledge. 

Supports continuous learning and 
innovation. 

Based on the synthesis, the five pillars form an interconnected system rather than independent components. 
Scientific Collaboration generates knowledge, Partnership connects knowledge producers with stakeholders, 
Adaptive Innovation transforms knowledge into practical solutions, Resilience Building strengthens the capacity 
to respond to uncertainty, and Knowledge Sharing facilitates continuous learning and feeds new knowledge back 
into the collaboration process. 

 
DISCUSSION 

The findings indicate that the five pillars of SPARK are complementary and should be understood as an 
integrated ecosystem rather than as separate strategies. This finding is consistent with the argument of Nix et al. 
(2018), who emphasized that addressing global challenges requires research collaboration that integrates multiple 
disciplinary perspectives and connects scientific knowledge with local practices. Their perspective supports the 
role of Scientific Collaboration as the starting point for developing solutions that are relevant, sustainable, and 
impactful. 

The importance of Partnership is further supported by Cundill et al. (2019), who examined large-scale 
transdisciplinary collaboration involving researchers and practitioners across multiple countries. Their findings 
indicate that successful collaboration depends not only on research design but also on relational and systemic 
factors, including trust, mutual respect, leadership, institutional arrangements, and relationships among 
participating actors. These findings reinforce the SPARK perspective that scientific collaboration requires 
meaningful partnerships to translate knowledge into practical action. The relationship between Knowledge Sharing 
and Adaptive Innovation is also supported by Castañeda and Cuellar (2020). Their systematic review identified a 
strong relationship between knowledge sharing and innovation and demonstrated that the exchange of knowledge, 
expertise, information, and experience contributes to innovation processes. In the context of SPARK, this 
relationship explains why knowledge sharing is positioned as a central mechanism that connects scientific 
collaboration with adaptive innovation. 

The Resilience Building pillar extends this relationship by emphasizing the ability of systems to learn and adapt 
in response to disruption. In a context characterized by climate change, health emergencies, technological 
disruption, and geopolitical uncertainty, resilience cannot be understood simply as the ability to recover from a 
crisis. Instead, resilience requires continuous adaptation, learning, innovation, and collaboration. SPARK therefore 
positions resilience as an outcome that is strengthened through the interaction of the other four pillars. A key 
contribution of SPARK lies in its attempt to integrate these dimensions into a single conceptual framework. 
Existing studies have extensively examined scientific collaboration, transdisciplinary partnerships, knowledge 
sharing, innovation, and resilience. However, these dimensions are frequently investigated through separate 
research perspectives or within specific sectors and contexts. SPARK proposes that their integration can provide 
a broader mechanism for addressing complex global challenges by connecting knowledge generation, stakeholder 
engagement, innovation, adaptive capacity, and knowledge circulation. 

The framework also provides a conceptual explanation of how science can move beyond its traditional role as 
a producer of knowledge. Within SPARK, scientific knowledge becomes a driver of collaboration and 
transformation. Knowledge is generated through scientific collaboration, strengthened through partnerships, 
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transformed through adaptive innovation, applied to build resilience, and continuously redistributed through 
knowledge sharing. This creates a feedback cycle that enables learning and adaptation over time. From a sustainable 
development perspective, the SPARK framework has potential relevance to the Sustainable Development Goals 
(SDGs) because the five pillars address several fundamental requirements of sustainable transformation: evidence-
based decision-making, cross-sectoral cooperation, innovation, resilience, and knowledge exchange. However, 
SPARK should be understood at this stage as a conceptual framework derived from literature synthesis, rather 
than as an empirically validated intervention model. Future research should therefore test its effectiveness through 
case studies, expert validation, and implementation across different sectors and geographical contexts. 

Overall, the discussion demonstrates that global transformation requires more than technological advancement 
or the production of scientific knowledge. It requires an ecosystem capable of connecting science with people, 
institutions, innovation, and continuous learning. Through the integration of Scientific Collaboration, Partnership, 
Adaptive Innovation, Resilience Building, and Knowledge Sharing, SPARK provides a conceptual pathway for 
transforming scientific knowledge into collaborative and adaptive action toward a more resilient, inclusive, and 
sustainable future. 
 
CONCLUSIONS 

This study concludes that SPARK (Scientific Partnership for Adaptive Resilience and Knowledge) provides a 
conceptual framework for supporting global transformation through the integration of five interconnected pillars: 
Scientific Collaboration, Partnership, Adaptive Innovation, Resilience Building, and Knowledge Sharing. The 
literature synthesis indicates that these components complement one another in generating evidence-based 
knowledge, strengthening cross-sectoral cooperation, facilitating adaptive innovation, enhancing resilience, and 
supporting continuous knowledge exchange. 

The findings further demonstrate that effective responses to complex global challenges require more than 
scientific knowledge or technological innovation alone. Collaboration among academia, government, industry, and 
society is essential to translate knowledge into practical and context-responsive solutions. Through its integrated 
and cyclical structure, SPARK connects knowledge generation with partnership, innovation, resilience, and 
knowledge dissemination. Therefore, SPARK offers a relevant conceptual model for fostering more adaptive, 
resilient, inclusive, and sustainable approaches to global transformation. However, as this study is based on a 
qualitative literature synthesis, further empirical research is needed to validate the framework and assess its 
applicability across different sectors and contexts. 
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