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This study aims to design and explain a context-based and systematic quadruple helix
collaboration model among industry, university, government, and society to foster
technological entrepreneurship in the food industry of Mashhad. This research adopted
an interpretive paradigm with an inductive qualitative approach using grounded theory
methodology. Data were collected through 18 semi-structured interviews with senior
experts from industry, academia, and government and analyzed using MAXQDA
software. Credibility, transferability, dependability, and confirmability were ensured
throughout the research process. The analysis resulted in 68 main categories and 221
subcategories organized into six major dimensions: causal conditions, core
phenomenon, contextual conditions, intervening factors, strategies, and consequences.
The final model reveals that quadruple helix collaboration represents a complex, multi-
level, and dynamic system requiring institutional synergy, mutual trust, effective
knowledge management, coordinated policymaking, and sustainable monitoring
mechanisms. The proposed model provides a comprehensive theoretical—practical
framework for policymakers, industrial managers, and academic leaders to enhance
technological innovation, sustainable development, and social capital.

Keywords: Quadruple Helix; Technological Entrepreneurship; Innovation Ecosystem;
Grounded Theory,; Food Industry
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Extended Abstract

Introduction

In the contemporary knowledge-based economy, sustainable development and technological
entrepreneurship increasingly depend on the capacity of societies to organize effective collaboration
among key institutional actors. The traditional innovation models centered on bilateral or trilateral
cooperation have proven insufficient for addressing the complex socio-economic challenges faced by
modern industries, especially in sectors deeply intertwined with public welfare and social stability such
as the food industry (Smith & Johnson, 2021; Zhang et al., 2022). Recent scholarship has emphasized that
innovation ecosystems thrive when industry, universities, government, and civil society operate as
interdependent partners rather than isolated contributors (Brown & Jones, 2023; Garcia & Martinez, 2023).
This shift in thinking has stimulated growing interest in the Quadruple Helix model, which extends
classical institutional frameworks by formally integrating society as a co-creator of knowledge and value
(Cai & Ahmad, 2021; Cai & Lattu, 2021).

Empirical research increasingly confirms that technological entrepreneurship is most effective
when embedded within dense networks of institutional trust, knowledge exchange, and participatory
governance (Schaeffer & Loveridge, 2024; Zhang et al., 2025). The food industry, given its strategic role in
public health, employment, and economic resilience, represents a particularly appropriate context for
examining these dynamics (Chen & Zhao, 2024; Rahimian & Sadat, 2024). However, much of the existing
literature remains concentrated on advanced economies and high-technology sectors, leaving traditional
manufacturing contexts in emerging economies underexplored (Gupta & Sinha, 2024; Molina et al., 2024).
Furthermore, previous studies often adopt quantitative or descriptive approaches, limiting their capacity
to uncover the underlying processes and institutional logics shaping quadruple helix collaboration (Molina
etal., 2024; Yin, 2021).

In Iran, structural challenges such as regulatory fragmentation, limited policy coordination, and
weak institutional interfaces continue to hinder the realization of integrated innovation ecosystems,
particularly within the food sector (Rahimian & Sadat, 2022, 2024). At the same time, global policy
initiatives increasingly underscore the necessity of cross-sector collaboration to achieve sustainable
growth, social inclusion, and innovation-based competitiveness (European, 2021). Against this backdrop,
this study responds to a critical knowledge gap by developing an empirically grounded, context-sensitive
model of quadruple helix collaboration tailored to the food industry of Mashhad, Iran, with explicit
emphasis on fostering technological entrepreneurship and sustainable development.

Methods and Materials

This research adopted an interpretive paradigm with an inductive qualitative design. Grounded
theory methodology was employed to construct a theoretical model directly from empirical data. Semi-
structured interviews were conducted with 18 senior experts representing industry, academia, government,
and civil society organizations active within the food sector of Mashhad. Participants were selected
through purposive and snowball sampling until theoretical saturation was achieved. Data collection and
analysis proceeded concurrently. All interviews were transcribed verbatim and analyzed using systematic
coding procedures (open, axial, and selective coding) with MAXQDA software. Rigor and trustworthiness
were ensured through credibility checks, member validation, peer debriefing, audit trails, and adherence
to established qualitative quality criteria.

Findings
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The analysis yielded 683 initial codes, consolidated into 221 subcategories and ultimately
organized into 68 core categories structured across six interrelated dimensions: causal conditions, core
phenomenon, contextual conditions, intervening conditions, strategic actions, and outcomes.

The core phenomenon—quadruple helix collaboration—emerged as a multi-layered process
encompassing shared goal formation, participatory networking, knowledge-based systems, joint resource
mobilization, collaborative human capital development, mutual support mechanisms, institutional
coordination frameworks, performance monitoring, legal and governance infrastructures, human-centered
values, trust and commitment, economic innovation, social development, scientific advancement, social
capital formation, organizational learning, and accountability.

Causal conditions highlighted trust-building, cultural-social factors, community orientation,
skills development, knowledge management, security, communication, mutual dependence, shared
objectives, and sustainable resource provision as primary drivers initiating collaboration.

Contextual conditions included effective industrial management, strategic leadership, supportive
legal frameworks, institutional structures, process alignment, and relationship mediation.

Intervening conditions comprised government management capacity, public policy coherence,
industrial support mechanisms, research and development systems, university strengthening, and media
influence.

Strategic actions involved ecosystem facilitation, standardization, continuous evaluation,
incentive system development, strategic coordination, barrier removal, technological innovation, and
institutional capacity building.

Outcomes extended beyond economic growth to encompass social satisfaction, improved
governance, sustainable development, enhanced competitiveness, human and social advancement,
innovation performance, cultural improvement, security enhancement, and long-term collaboration
stabilization.

The model demonstrates that quadruple helix collaboration in the food industry functions as an
integrated, adaptive system whose stability depends on dynamic interactions among institutional trust,
knowledge flows, governance mechanisms, and participatory social engagement.

Discussion and Conclusion

The findings confirm that technological entrepreneurship in the food industry cannot be sustained
through fragmented institutional efforts. Instead, it requires the orchestration of interdependent
governance, social trust, knowledge management, and participatory engagement across multiple
institutional spheres. The proposed model advances existing theory by illustrating how quadruple helix
collaboration evolves as a socio-economic system rather than a collection of discrete partnerships.

This study contributes to innovation theory by empirically validating the centrality of societal
participation within institutional innovation architectures. Unlike conventional models that marginalize
community involvement, the present framework demonstrates that public trust, social legitimacy, and
civic engagement constitute essential structural components of innovation sustainability.

The results also reveal that effective collaboration is not driven by isolated policy instruments or
organizational capabilities. Rather, success emerges from carefully aligned configurations of contextual,
intervening, and strategic mechanisms that jointly shape collaborative performance. The research further
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shows that economic, social, technological, and governance outcomes are mutually reinforcing rather than
sequential.

From a practical standpoint, the model offers a comprehensive roadmap for policymakers, industry
leaders, academic institutions, and social organizations seeking to build resilient innovation ecosystems
in traditional manufacturing sectors. It underscores the necessity of institutional coherence, legal stability,
human capital development, and participatory governance as foundations for sustainable technological
entrepreneurship.

In conclusion, this study provides a theoretically grounded and empirically validated framework
for understanding and operationalizing quadruple helix collaboration in the food industry. By integrating
institutional, social, and technological dimensions, the model offers a robust foundation for long-term
innovation-driven development and positions technological entrepreneurship as a collective societal

achievement rather than a purely economic endeavor.
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