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Abstract: This paper presents a novel, behaviorally informed framework for enhancing the implementation of Regional Innovation Strategies for Smart Specialization (RIS3) by integrating artificial intelligence (AI) tools with sustainable alliance governance. Drawing on comparative case studies from the Northern Netherlands, Northern Sweden, and two German states (Lower Saxony and Bavaria), the study identifies persistent barriers to RIS3 delivery, including low SME engagement, fragmented interregional collaboration, and weak university-industry alignment. The original contribution of this research lies in its synthesis of behavioral theory (COM-B model) with AI-enabled policy tools—such as chatbots, predictive analytics, and digital maturity assessments—to propose a phased roadmap for more inclusive and adaptive RIS3 governance. Empirical insights are grounded in a triangulated methodology combining stakeholder interviews, policy document analysis, and four supervised bachelor theses. The study demonstrates how centralized coordination platforms, AI-driven support systems, and participatory monitoring mechanisms can collectively address structural and behavioral barriers to innovation policy implementation. By bridging institutional and technological perspectives, this research offers actionable strategies for policymakers and contributes a new theoretical lens for understanding digital and green transitions in regional innovation ecosystems.
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Introduction
Regional Innovation Strategies for Smart Specialization (RIS3) have played a significant role in promoting economic development across European regions by encouraging innovation, particularly among small and medium-sized enterprises (SMEs). These strategies are designed to address complex societal and economic challenges by focusing investment and policy efforts on region-specific strengths and opportunities.
Despite their promise, the implementation of RIS3 faces several persistent obstacles. One major barrier is the limited awareness among SMEs about the availability of innovation-related subsidies and support programs [1], [2]. Many SMEs remain unaware of existing funding opportunities, which prevents them from taking full advantage of the resources intended to support their growth and innovation potential.
In addition to this knowledge gap, financial constraints significantly hinder SMEs’ ability to engage with RIS3 initiatives. Limited internal resources and a lack of specialized expertise often make it difficult for these firms to navigate complex funding mechanisms or meet co-financing requirements [3], [4]. As a result, many potentially innovative businesses are excluded from participation.
Another critical issue is the fragmentation of interregional collaboration. Although RIS3 encourages cooperation between regions to foster knowledge exchange and the sharing of best practices, such collaboration often remains sporadic and poorly coordinated [5], [6]. This limits the broader diffusion of innovation and reduces the overall effectiveness of the strategy.
Artificial intelligence (AI) presents a valuable opportunity to overcome several of the key implementation challenges facing RIS3, particularly those affecting SMEs. As highlighted in recent literature, AI technologies are well-suited to enhance the effectiveness and accessibility of policy instruments by automating complex administrative tasks, improving the targeting of support measures, and facilitating more responsive engagement with stakeholders [7], [8]. In the public sector, AI applications have already proven their potential in areas such as policy evaluation, trend forecasting, and user interaction, offering tools to better match available resources with specific needs [9], [10]. Within the context of RIS3, integrating AI-driven systems can help address the widespread lack of awareness among SMEs by providing personalized and timely information about relevant subsidies and support programs. Additionally, AI can support SMEs in navigating funding mechanisms by offering automated guidance and reducing administrative burdens—an especially critical benefit for firms with limited internal capacity. Moreover, AI-enabled data analytics can play a key role in strengthening interregional collaboration by identifying shared innovation patterns, facilitating real-time knowledge exchange, and disseminating best practices across regions. In this way, AI not only enhances the operational efficiency of RIS3 but also contributes to more inclusive, data-informed innovation ecosystems.
Alongside technological innovation, collaborative partnerships grounded in shared values and supported by strong governance structures are increasingly recognized as critical to the effective implementation of RIS3 [11], [12]. Such alliances can improve coordination across institutional and regional actors, build trust among stakeholders, and enhance the legitimacy and adaptability of innovation policy [13], [14]. Governance arrangements that emphasize inclusiveness and long-term commitment are particularly important for sustaining innovation ecosystems in the face of complex and evolving challenges, such as digital transformation and the transition to low-carbon energy systems [15], [16]. This paper brings together these two perspectives—technological innovation through AI and institutional strength through governance—to argue that the integration of AI-driven tools within well-structured, value-oriented partnerships can significantly amplify the impact of RIS3.
This study builds on existing academic literature and incorporates primary research findings from four bachelor theses conducted at Hanze University of Applied Sciences, Groningen. These theses examined key barriers and opportunities for SMEs within the context of regional innovation strategies. One of the theses [17] applied the COM-B framework (Capability, Opportunity, Motivation – Behaviour) to compare RIS3 implementation in the Northern Netherlands and Bavaria, providing a behavioral perspective on cross-regional collaboration and SME engagement. Building on this empirical foundation, the paper explores how AI-enabled interventions and governance enhancements can address persistent implementation challenges, with a particular focus on improving coordination, fostering behavioral alignment, and supporting digital innovation. By combining localized case study insights with conceptual analysis, this study aims to develop practical recommendations for policymakers and propose a theoretical framework for the integration of AI within behaviorally informed, inclusive smart specialization strategies. The following section outlines the methodological approach used to structure the empirical analysis.
Methodology
This study adopts a qualitative, cross-regional comparative research design to explore how AI-powered interventions can enhance the implementation of Regional Innovation Strategies for Smart Specialization (RIS3), particularly in the areas of SME digitalization and the energy transition. The research draws on multiple data sources, including four bachelor theses conducted at Hanze University of Applied Sciences, semi-structured stakeholder interviews, and policy document analysis. The geographical scope includes four European regions with active smart specialization agendas: the Northern Netherlands, Northern Sweden, Lower Saxony and Bavaria in Germany. These regions were selected for their contrasting institutional environments, innovation capacities, and governance models, providing a basis for analytical comparison and knowledge transfer [18], [19].
Data sources and analytical approach
A mixed-method triangulation approach was employed to enhance the reliability and depth of the findings [20]. This approach integrates different qualitative methods to identify convergence and divergence across data sources, thereby strengthening the analysis validity and enabling a more comprehensive understanding of RIS3 implementation challenges and opportunities [21], [22]. The methodological components include:
Policy Document Analysis: Regional innovation strategies, operational programs, and governance frameworks were systematically reviewed to assess the institutional design, funding mechanisms, and strategic priorities of RIS3 in the selected regions. Document analysis allowed us to trace formal commitments to digitalization and sustainability, as well as identify structural conditions influencing policy implementation [23].
Semi-Structured Stakeholder Interviews: In-depth interviews were conducted with a diverse range of stakeholders, including regional policymakers, SME representatives, and university-industry interface actors. This method provided insights into lived experiences, perceptions of policy effectiveness, and the operational barriers SMEs face in engaging with RIS3 initiatives [24]. Interview protocols were aligned across regions but adapted contextually to ensure relevance and responsiveness.
Cross-Regional Comparative Case Study Synthesis: The findings were synthesized through a comparative case study approach to identify common patterns, region-specific practices, and cross-cutting gaps in policy implementation [25]. By situating each case within broader theoretical frameworks—such as alliance governance [26] and AI innovation ecosystems [27]—we were able to derive context-sensitive recommendations while contributing to the general understanding of RIS3 optimization through AI integration.
To ensure robustness, a multi-source triangulation strategy was employed across all empirical components. Bachelor theses were used not as stand-alone sources but as embedded case studies whose findings were systematically compared with data from policy document analysis and semi-structured interviews. For example, the barrier of low SME subsidy uptake was identified both in the thesis work of Wang (2024) and verified in interviews with regional policy officials and innovation intermediaries. Any discrepancies or divergences across sources were examined for contextual specificity or actor-related variation, thereby enhancing the explanatory depth of our cross-case synthesis. This triangulated design supports higher validity and addresses potential biases in single-source interpretations [21], [20].
To enhance clarity regarding the research design, this study distinguishes between primary and secondary data sources. The primary methods include semi-structured stakeholder interviews and policy document analysis, both of which provided direct insights into RIS3 implementation across the selected regions. These were complemented by secondary methods, specifically four supervised bachelor theses conducted at Hanze University of Applied Sciences. While the interviews and document reviews offered firsthand perspectives and institutional context, the theses served as embedded case studies that enriched the empirical base with localized, student-led investigations into SME engagement, digitalization, and intersectoral collaboration. This methodological layering allowed for triangulation and a more nuanced understanding of the challenges and opportunities within RIS3 governance.
Table 1: Summary of methods
	Data Source
	Type
	Description
	Purpose / Contribution

	Semi-structured interviews
	Primary
	17 interviews with stakeholders from regional innovation ecosystems in the Netherlands, Sweden, and Germany.
	Provided firsthand insights on RIS3 implementation barriers, alliance dynamics, and digital readiness.

	Policy document analysis
	Primary
	National and regional RIS3 strategies, innovation program documents, and official evaluation reports.
	Offered contextual understanding and alignment with current policy frameworks.

	Student thesis: Chicheportich (2024)
	Secondary
	Comparative case on renewable energy transition in Northern Netherlands and Sweden.
	Explored policy incentives and interregional collaboration in sustainable innovation.

	Student thesis: Wang (2024)
	Secondary
	SME digitalization and subsidy access in Northern Netherlands using COM-B framework.
	Highlighted behavioural barriers to SME participation in RIS3.

	Student thesis: Renken (2025)
	Secondary
	Analysis of university-firm partnerships in the energy sector.
	Examined alliance structures and governance gaps.

	Student thesis: Vestdijk (2025)
	Secondary
	Comparison of RIS3 governance in Northern Netherlands and Bavaria using COM-B.
	Assessed the impact of centralized coordination and proposed governance recommendations.



Insights from Bachelor Theses
The empirical foundation of this study includes four supervised bachelor theses conducted within Hanze University of Applied Sciences’ International Business Research Group. Drawing on student research as a data source is a recognized practice in applied science institutions, where thesis projects are embedded in broader institutional agendas and contribute to research-based learning and societal engagement [28], [29]. Each thesis followed a structured research design, underwent multi-stage quality assurance (supervisory review, peer feedback, and final panel evaluation), and was aligned with the thematic priorities of this study. This embedded approach enhances the contextual relevance of the findings and allows for deeper local insights that complement the cross-regional comparative analysis. These theses were designed to explore RIS3 implementation region-specific aspects and serve as structured, supervised empirical case studies.
To provide transparency and contextual grounding, a summary of each thesis is included below. Each summary outlines the research area, the guiding research question, and the main empirical findings that inform this study’s analytical framework and cross-regional synthesis.
Energy Transition Strategies [30]:
Research Area: Comparative analysis of energy transition strategies between the Northern Netherlands and Northern Sweden.
Research Question: How do regional policies and stakeholder collaborations influence the adoption of renewable energy in these regions?
Main Findings: Northern Sweden's robust government support and financial incentives have accelerated renewable energy adoption, whereas the Northern Netherlands relies more on regional leadership and collaborative platforms. Challenges identified include financial barriers, regulatory complexities, and technological constraints.
RIS3 for SME Digitalization [31]:
Research Area: Evaluation of the effectiveness of RIS3 in promoting digital transformation among SMEs in the Northern Netherlands.
Research Question: How effective are current RIS3 policies in facilitating digital transformation among SMEs?
Main Findings: Despite the availability of subsidies, poor marketing and lack of SME awareness limit their utilization. The study recommends improving subsidy awareness through targeted communication strategies.
Sustainable University-Industry Alliances [32]:
Research Area: Exploration of partnerships between universities and the energy sector in Groningen, Netherlands.
Research Question: What are the challenges and opportunities in university-industry collaborations for energy innovation?
Main Findings: Challenges such as poor transparency and weak partnership structures hinder effective collaboration. The study advocates for a strategic roadmap and partnership standardization to strengthen energy innovation.
Intersectoral Collaboration in Bio-Based Agriculture [17]:
Research Area: Comparative analysis of innovation strategies for bio-based agriculture in the Northern Netherlands and Bavaria.
Research Question: How do intersectoral governance mechanisms impact the effectiveness of bio-based innovation strategies under RIS3 frameworks?
Main Findings: Vestdijk’s thesis employed the COM-B framework (Capability, Opportunity, Motivation–Behavior) to analyze collaboration enablers and barriers. Bavaria’s RIS3 implementation—via centralized platforms such as BayStartUp and Bayern Innovativ—was found to be more coherent and performance-driven, especially in engaging SMEs and aligning R&D efforts. The Northern Netherlands, while rich in networked initiatives, lacked centralized governance and measurable outcomes. The study recommends a phased governance model for the Northern Netherlands, including the development of a regional coordination platform, digital tools to support SME participation, and an interregional monitoring framework. These recommendations have been incorporated into this paper’s proposed roadmap for RIS3 enhancement.
The localized findings derived from the four theses, complemented by stakeholder interviews and policy document analysis, collectively inform the empirical foundation of this study. Together, these sources highlight recurring challenges in RIS3 implementation related to governance coordination, SME participation, and digitalization efforts. To contextualize these observations within the broader scholarly discourse, the following literature review examines theoretical and empirical contributions to RIS3 governance, sustainable alliance formation, and AI tools integration in innovation policy.
Literature Review 
The following literature review explores the conceptual foundations and emerging challenges of Regional Innovation Strategies for Smart Specialization (RIS3). It is structured around four main themes: the theoretical underpinnings of RIS3, behavioral models for enhancing stakeholder engagement, the potential of AI tools to support adaptive innovation governance, and the integration of sustainable governance structures with digital technologies. Together, these themes provide the analytical basis for the subsequent empirical analysis.
Regional Innovation Strategies for Smart Specialization (RIS3)
The Regional Innovation Strategies for Smart Specialization (RIS3) framework was introduced by the European Commission as a core component of its cohesion policy, aimed at fostering economic growth and regional competitiveness through place-based research and innovation strategies [33]. RIS3 encourages regions to identify and leverage their unique strengths—whether technological, industrial, or institutional—by concentrating resources in areas with the greatest potential for innovation-led development. Central to the concept is the principle of smart specialization, which relies on collaborative processes between public authorities, businesses, research institutions, and civil society to define and implement targeted innovation strategies [2]. This approach seeks not only to boost regional performance but also to enhance cohesion across the European innovation landscape.
RIS3 seeks to address persistent structural weaknesses in regional innovation systems by fostering entrepreneurial discovery processes (EDP), encouraging knowledge spillovers, and promoting cross-sectoral collaboration across business, academia, and government [4]. A central tenet of the approach is the bottom-up identification of regional priorities through participatory processes that emphasize stakeholder engagement, inclusive governance, and iterative policy learning [34]. However, the practical implementation of these principles often proves challenging. Across Europe, the uptake and effectiveness of RIS3 strategies have varied considerably, with disparities frequently linked to differences in institutional capacity, administrative coordination, and the quality of multi-level governance structures [35], [36]. These gaps highlight the need for tools and frameworks that can better support coordination, transparency, and responsiveness in regional innovation policy—an issue increasingly addressed through digital and AI-enabled solutions, as emerging research suggests.
Despite its conceptual strengths, RIS3 has faced growing criticism regarding its practical effectiveness. Scholars have highlighted several recurring challenges, including limited policy coherence, weak coordination among stakeholders, and the insufficient integration of small and medium-sized enterprises (SMEs) into regional innovation ecosystems [37]. These shortcomings not only undermine the entrepreneurial discovery process but also weaken the alignment between strategic priorities and on-the-ground implementation. In addition, many regions continue to struggle with the development of robust monitoring and evaluation frameworks, making it difficult to assess RIS3’s impact on innovation performance, regional resilience, and long-term structural change [38]. These limitations have prompted increasing interest in more dynamic, data-informed governance approaches capable of enhancing both the design and execution of smart specialization strategies.
In response to these implementation challenges, there is growing consensus around the need for more dynamic, data-driven approaches to RIS3 governance. Scholars have increasingly emphasized the importance of regional connectivity, adaptability, and evidence-based decision-making in sustaining innovation trajectories. For example, Boschma underscores the role of proximity and relatedness in fostering effective knowledge exchange, cautioning that cognitive and institutional distance can inhibit the diffusion of innovation [6]. Building on this, Balland, Boschma, Crespo, and Rigby employ network analysis to demonstrate that a region’s innovation capacity is shaped not only by its technological base but also by the strength of its connections to complementary regions and actors [39]. These insights highlight the need for governance frameworks that can monitor and respond to changing innovation dynamics—an area where digital technologies, particularly artificial intelligence, are increasingly seen as having transformative potential.
Behavioral Approaches to Innovation Governance
In response to these governance challenges, behavioral models such as the COM-B framework (Capability, Opportunity, Motivation – Behaviour) offer additional perspectives on how policy design can influence stakeholder engagement. Originally developed in health psychology [40], COM-B has since been adapted to intersectoral collaboration in policy contexts. Within coordinated smart specialization initiatives, the model can be applied to strengthen behavioral drivers among SMEs and innovation actors by enhancing supportive opportunities (e.g., centralized platforms), motivational incentives (e.g., targeted subsidies), and capability-building mechanisms (e.g., training and process clarity). Incorporating elements of COM-B into RIS3 design may contribute to more targeted and responsive policy interventions.
While the COM-B model provides a behavioural lens on SME engagement and RIS3 implementation, a more comprehensive theoretical understanding can be gained by comparing it with other governance and behavioural models. For instance, Ostrom’s principles of collective action emphasize institutional trust, monitoring, and shared rule-making, which can complement COM-B's focus on psychological and situational enablers [41]. Similarly, the MINDSPACE framework from behavioural economics introduces nudging strategies (e.g., default rules, salience, commitment devices) that could inform RIS3 communication strategies and incentive designs [42]. A future research direction could involve building a hybrid framework that combines COM-B’s internal motivation focus with these external governance tools to improve stakeholder alignment and behavioural adaptation in smart specialization contexts.
Additionally, alliance governance literature highlights the need for intentional design in managing partnerships. In his thesis Renken introduces the concept of a “Design for Value” framework, advocating for a structured approach that integrates ethical and sustainability objectives throughout the partnership lifecycle [32]. Drawing on frameworks such as Value Sensitive Design [43], Design for Values [44], and the University-Industry Collaboration (UIC) literature [45,] [46], Renken positions the alliance not merely as a contractual relationship, but as a dynamic platform requiring mechanisms for ongoing reflection, feedback, and ethical governance. 
AI Tools for Policy Innovation
Complementing behavioral insights, emerging literature highlights the potential of Artificial Intelligence (AI) to address persistent governance and coordination challenges in RIS3 implementation. AI technologies offer real-time feedback mechanisms, predictive analytics, and automated decision-support systems that closely align with the needs of adaptive innovation governance [8], [9]. These tools enable policymakers to respond more swiftly to emerging trends, optimize resource allocation, and enhance stakeholder engagement based on performance data. Practical applications are already being explored: chatbots have been used to improve SMEs’ access to subsidy information, reducing informational barriers, while AI-driven dashboards assist in targeting and managing innovation funding more effectively [48]. As such, AI is increasingly recognized not merely as a technical enhancement but as a governance innovation with the potential to strengthen transparency, responsiveness, and inclusivity in regional innovation policy frameworks.
Integrating Sustainable Governance and AI in Regional Innovation
Research by the European Commission’s Joint Research Centre [49] has also emphasized the importance of integrating smart technologies into RIS3 implementation, particularly in regions undergoing industrial and economic transitions. In this context, the adoption of AI is not merely a technological enhancement, but a form of governance innovation—supporting evidence-based policymaking, improving institutional responsiveness, and enabling greater regional adaptability. The integration of sustainable governance and AI can be further enhanced by a structured approach that integrates ethical and sustainability objectives throughout the lifecycle of innovation alliances [32]. Key features of the framework proposed by Renken include democratized feedback loops, implementation of targeted Key Performance Indicators (KPIs), and the establishment of a sustainability supervisory board to oversee alliance impact [32]. These elements align with broader calls for value-sensitive governance in RIS3 and offer a blueprint for embedding institutional accountability within complex innovation ecosystems [47], [43].
Aligning sustainable governance models with AI-enhanced RIS3 strategies represents a promising pathway toward more inclusive and innovation-driven regional development. To explore how these dynamics manifest in practice, the following section presents empirical findings from three regional case studies. These findings address both the characteristics of strategic alliances in the context of sustainable innovation and the potential of AI tools to overcome key RIS3 implementation challenges, particularly those related to SME engagement, subsidy access, and interregional collaboration. Drawing on these conceptual foundations, the empirical findings presented in the following section examine how strategic governance practices and AI-driven tools can address persistent challenges in RIS3 implementation across selected European regions.
Results
The Results section presents empirical insights derived from comparative case studies and supplementary data sources, focusing on persistent challenges and enabling mechanisms within RIS3 implementation. The findings are organized into three thematic areas: strategic alliance characteristics, RIS3 implementation challenges, and proposed AI-driven solutions. Together, these results provide a foundation for developing a behaviorally informed and technologically enhanced roadmap for strengthening RIS3 governance.
Strategic Alliance Characteristics
The analysis of sustainable alliances across the case studies highlights the central role of well-structured governance and mutual trust as foundational conditions for partnership success. Organizations seeking to advance sustainability objectives through strategic alliances benefit from fostering transparent communication, shared values, and flexible governance mechanisms that support adaptive decision-making. One illustrative case involves a cross-sector partnership between a multinational corporation and a local NGO, which jointly developed a circular economy initiative. Here, the governance structure—characterized by clearly defined roles, joint agenda setting, and ongoing stakeholder dialogue—was instrumental in aligning commercial interests with broader social and environmental goals. This observation reinforces earlier research on alliance governance, suggesting that effective coordination and value alignment are critical drivers of cross-organizational innovation, particularly in the context of sustainability transitions.
Extending this insight, the analysis further indicates that strategic alliances in innovation ecosystems require not only mutual trust and shared values but also institutional scaffolding—such as dedicated coordination platforms and behavioral incentives—to sustain engagement over time. The follow-up study on intersectoral collaboration in the bio-based economy demonstrates how centralized, transparent governance mechanisms can enhance the long-term effectiveness of cross-sector partnerships, particularly in regions undergoing digital and sustainability transitions.
These findings on alliance governance provide an important foundation for understanding broader RIS3 implementation challenges, particularly those related to stakeholder coordination, subsidy uptake, and digital transformation.
RIS3 Implementation Challenges
The empirical analysis across the four theses identified several persistent barriers to effective RIS3 implementation, which mirror many of the concerns raised in the broader literature. First, low awareness and limited utilization of available innovation subsidies emerged as a major obstacle among SMEs. Despite the availability of regional funding instruments, many firms lacked the knowledge, time, or administrative capacity to navigate application processes or align their projects with RIS3 priorities. This finding aligns with earlier studies that highlight asymmetric information and administrative complexity as key deterrents to SME participation in innovation policy frameworks [50], [3].
Second, fragmented interregional collaboration continues to hinder knowledge exchange and coordinated innovation efforts across borders. Chicheportich provides case evidence from Northern Netherlands and Northern Sweden which suggests that while policy documents encourage interregional linkages, practical mechanisms for collaboration—such as joint programs, mobility schemes, or digital platforms—remain underdeveloped or inconsistently applied [30]. This reflects broader concerns about the limited institutional capacity to operationalize RIS3's transregional ambitions [5].
Third, weak university-industry alliances were frequently cited as a gap in regional innovation ecosystems. Although universities are often designated as key RIS3 stakeholders, their engagement with SMEs was described as sporadic and overly project-dependent. This is confirmed by Renken’s case study of university-industry partnership in the domain of sustainable energy and technology [32]. Several interviewees noted a mismatch between academic research agendas and the short-term, application-driven needs of SMEs - a challenge previously identified in studies of regional knowledge transfer systems [11], [37].
Taken together, these findings highlight the persistent gap between RIS3’s strategic objectives and its operational implementation. Vestdijk’s comparative analysis of the Northern Netherlands and Bavaria further illustrates how regions lacking centralized coordination mechanisms tend to underperform on key indicators such as SME engagement, cross-sectoral collaboration, and measurable innovation outcomes [17]. His study emphasizes the structural limitations associated with fragmented governance and the absence of shared monitoring frameworks, reinforcing the need for more accessible, behaviorally informed, and well-coordinated governance instruments. These observations provide a rationale for investigating how digital tools and AI-enabled solutions could strengthen RIS3 implementation by addressing coordination deficits and supporting more adaptive policy delivery.
In Bavaria, centralized coordination bodies such as Bayern Innovativ enhanced Opportunity[footnoteRef:1]—as conceptualized in the COM-B framework—by streamlining funding access and supporting stakeholder matchmaking, while targeted R&D programs strengthened SMEs’ capability to innovate within bio-based sectors. Motivational drivers were reinforced through public recognition initiatives and coherent regional branding strategies. In contrast, the Northern Netherlands, despite a strong tradition of network collaboration, lacked the institutional scaffolding necessary to systematically foster these behavioral components. The absence of a centralized governance entity limited Opportunity, and inconsistencies in support mechanisms diminished both Motivation and Capability among SMEs to align with RIS3 priorities. [1:  Bayern Innovativ is a regional innovation agency in Bavaria that supports SMEs and innovation actors through centralized funding access, matchmaking, and coordination platforms. In this context, it enhances Opportunity as defined within the COM-B model—that is, the external conditions that facilitate or prompt desired behaviors such as cross-sector collaboration and innovation engagement.] 

These behavioral insights offer a diagnostic lens for evaluating the conditions under which digital and AI-enabled tools can contribute to RIS3 implementation. They also highlight the importance of embedding technological solutions within governance structures that promote behavioral readiness and sustained stakeholder engagement. Renken proposes an empirically grounded alliance roadmap based on university-industry collaborations in the energy sector that can also help aligning stakeholder goals. The study calls for a “Design for Value” approach that embeds ethical guidelines and performance indicators into partnership structures. This includes feedback loops to monitor alliance impact, internal standardization of partnership procedures, and expansion to interregional and international collaborators to foster innovation spillovers [32].
Building on these insights, the following section explores how AI-driven tools can be leveraged to address identified governance gaps and strengthen RIS3 delivery through more adaptive, data-informed policy mechanisms.
Proposed AI Solutions
The case studies also explored the potential of artificial intelligence (AI) to address persistent RIS3 implementation challenges by enhancing policy responsiveness, improving stakeholder engagement, and enabling more efficient use of innovation resources. Across the regions studied, AI-driven tools were identified as promising mechanisms for increasing SME participation in regional innovation ecosystems. For instance, AI-powered chatbots can offer real-time, tailored guidance on available subsidies, reducing informational asymmetries and easing administrative burdens—key barriers previously noted in both literature and practice [48], [1]. Similarly, predictive analytics can support more strategic policymaking by simulating the likely outcomes of innovation initiatives before implementation [9]. These capabilities can help regions allocate resources more effectively in line with RIS3 priorities.
Moreover, AI-based policy dashboards can provide continuous, real-time insights into funding flows, stakeholder participation, and outcome metrics, allowing for more agile governance and ongoing policy refinement [9]. Digital maturity assessments—using AI-enabled benchmarking—can also assist SMEs in identifying appropriate digitalization pathways, further aligning enterprise-level strategies with regional innovation goals [3].
However, the successful deployment of AI tools within RIS3 frameworks is contingent on several enabling conditions. These include closing digital literacy gaps among SMEs and public administrators, addressing resistance to technological change, and ensuring ethical safeguards around data governance and algorithmic transparency [50], [3]. While AI alone cannot resolve all systemic challenges, the evidence suggests it can play a pivotal role in supporting more adaptive, inclusive, and data-informed approaches to RIS3 implementation—particularly when integrated within well-aligned institutional and governance structures.
Furthermore, the integration of an alliance roadmap, grounded in Value Sensitive Design (VSD) and Design for Values frameworks, presents an opportunity for RIS3 partnerships to include ethical governance mechanisms such as feedback loops, sustainability KPIs, and a supervisory board. Renken’s recommendations reinforce the call for inclusive and transparent RIS3 delivery frameworks and align with AI-driven tools to enhance policy responsiveness and behavioral alignment[32].
Overall, the findings demonstrate that RIS3 implementation continues to face structural barriers related to governance coordination, SME engagement, and the effective mobilization of digitalization strategies. Our case study insights highlight the importance of fostering behavioral enablers through structured alliances and coordinated platforms, while also emphasizing the potential of AI-driven tools to enhance policy responsiveness, resource allocation, and stakeholder participation. The integration of technological and institutional innovations thus emerges as a critical pathway for making regional innovation systems more adaptive, inclusive, and resilient. The following conclusion reflects on these insights, discusses their broader implications for innovation policy and governance practice, and outlines practical recommendations for strengthening RIS3 delivery in the context of digital and sustainability transitions.
Conclusions
This study concludes that integrating sustainable governance structures with AI-driven policy tools can substantially enhance the implementation and effectiveness of Regional Innovation Strategies for Smart Specialization (RIS3). Based on the findings, three overarching recommendations are proposed for policymakers, regional development agencies, and innovation practitioners:
Centralize Coordination and Governance
Regions should establish or strengthen dedicated RIS3 coordination bodies that bring together public authorities, industry representatives, research institutions, and civil society actors. Such platforms can streamline decision-making, unify communication, and reduce fragmentation, thereby creating stronger opportunities for coherent strategy alignment and faster policy responsiveness.
Leverage AI-Enabled Digital Tools
 The deployment of AI-powered chatbots, real-time policy dashboards, and digital maturity assessments can equip SMEs and other stakeholders with personalized support, actionable insights, and automated guidance. These tools enhance capabilities by simplifying administrative processes, tailoring information delivery, and providing continuous data-driven feedback.
Adopt Participatory Monitoring and Evaluation Frameworks
Implementing transparent, KPI-based evaluation systems—co-designed with regional and interregional partners—can sustain motivation among stakeholders by establishing regular feedback loops, recognizing progress, and enabling adaptive course corrections. Shared metrics promote collective ownership of innovation objectives and strengthen cross-regional learning networks.
By embedding these recommendations into RIS3 design and execution, regions can foster more inclusive, adaptive, and resilient innovation ecosystems. Centralized governance ensures that strategic priorities are coherently managed; AI-enabled tools empower diverse actors to participate effectively; and participatory evaluation frameworks maintain momentum and accountability. Taken together, these elements offer a behaviorally informed pathway for advancing smart specialization strategies, particularly in the context of ongoing digital and green transitions.
Limitations and Future Research
While this study provides valuable insights into RIS3 governance and the integration of AI-driven policy tools, it is based on a comparative analysis of a limited number of regional contexts. The focus on selected regions such as the Northern Netherlands, Northern Sweden, Lower Saxony, and Bavaria limits the generalizability of the findings across the broader European RIS3 landscape. Future research should expand the empirical base by incorporating a larger and more diverse set of regional cases, including emerging and peripheral regions. In addition, longitudinal studies could provide a deeper understanding of how the integration of sustainable governance and AI tools evolves over time, particularly in response to dynamic technological and socio-economic changes.
In addition to generalizability, another limitation concerns the use of bachelor theses as secondary data sources. While these theses were supervised and quality-assured, they may still reflect variability in methodological rigor, data access, and analytical depth. This introduces potential bias, which was mitigated through triangulation with interviews and policy documents. Nonetheless, future research should consider validating student-led findings with independent data collection.
Theoretical implications of this study include the integration of behavioral models (e.g., COM-B) with AI-enabled governance, offering a novel framework for understanding stakeholder engagement in innovation ecosystems. Practically, the study provides a roadmap for policymakers to enhance RIS3 delivery through centralized coordination, AI-driven tools, and participatory monitoring—especially relevant for regions navigating digital and green transitions.
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