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Abstract:

The present study aimed to design and validate an open innovation model for knowledge-based aviation firms located in science parks and
growth centers in Iran by identifying the key dimensions, components, and structural relationships underlying open innovation in this
technologically complex and highly regulated industry. This applied study employed an exploratory mixed-methods design. In the qualitative
phase, data were collected through semi-structured interviews with 17 academic experts, managers, and specialists from knowledge-based
aviation firms and analyzed using thematic analysis. In the quantitative phase, the developed model was validated through a researcher-made
questionnaire and partial least squares structural equation modeling (PLS-SEM) among 150 managers and experts involved in aviation
technology development and innovation processes. The qualitative analysis resulted in the identification of eight major dimensions of open
innovation: technological ecosystem embeddedness, external knowledge acquisition channels, intra-organizational architecture for
knowledge absorption and transformation, trust/confidentiality/regulatory infrastructure, testing and validation bottleneck removal,
innovative resilience against constraints, industrial co-creation outcomes, and external circulation of knowledge and technology. The
structural model results indicated that all identified dimensions had significant effects on open innovation, and the model demonstrated strong
overall fit (GOF=0.425). The highest path coefficients were associated with intra-organizational absorption and transformation architecture,
innovative resilience, and trust and regulatory infrastructure. Open innovation in Iranian knowledge-based aviation firms is a
multidimensional phenomenon that depends not only on external collaborations but also on internal organizational capabilities, knowledge
absorption mechanisms, trust and regulatory infrastructures, and adaptive capacity in response to environmental constraints. Therefore,
advancing open innovation in these firms requires a localized, network-oriented, and capability-based approach.
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Extended Summary

Introduction

In recent years, the increasing complexity of technological development, accelerated innovation cycles, and the growing
dispersion of knowledge resources have challenged traditional closed innovation approaches. Organizations, particularly
technology-intensive firms, can no longer rely solely on internal capabilities for innovation and competitiveness. Instead, they
increasingly need to establish systematic interactions with external actors, including universities, research institutions,
technology firms, customers, suppliers, and regulatory organizations. In this context, open innovation has emerged as a
dominant paradigm in innovation management, emphasizing the purposeful inflow and outflow of knowledge, technologies,
and ideas across organizational boundaries (Beltramino et al., 2026). Unlike traditional innovation models that assume
innovation is primarily generated within organizational boundaries, open innovation considers knowledge as a distributed
resource embedded within broader innovation networks and ecosystems (\Viajchrzak et al., 2023).

The significance of open innovation is particularly evident in knowledge-based firms because these organizations often
operate under conditions of limited resources, rapid technological change, and high uncertainty. Such firms require access to
external knowledge sources and complementary capabilities to accelerate technology development and enhance innovation

performance. However, external knowledge acquisition alone does not guarantee innovation outcomes; organizations must
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possess the internal capabilities necessary for identifying, absorbing, transforming, and exploiting external knowledge. Recent
studies have highlighted the central role of absorptive capacity as a mechanism that connects open innovation activities with
improved product development performance and competitive advantage (Mubarak et al., 2026). Similarly, research has
demonstrated that knowledge acquisition and transformation processes are essential for converting external knowledge into
innovative capabilities (Xu et al., 2023).

Open innovation has increasingly been conceptualized within the framework of innovation ecosystems, where value creation
occurs through interactions among multiple stakeholders rather than through isolated organizational activities. Innovation
ecosystems enable firms to access complementary resources, establish collaborative relationships, and develop shared
technological solutions (Canini et al., 2026). In this perspective, successful open innovation requires not only technological
capabilities but also effective ecosystem governance, trust-based relationships, and mechanisms for coordinating interactions
among diverse actors (Remneland Wikhamn & Styhre, 2023). Moreover, studies have emphasized that human and relational
factors, including trust, knowledge sharing, and management of tacit knowledge, significantly influence the effectiveness of
open innovation practices (Scaringella & Scaringella, 2025).

The aviation industry represents one of the most complex and knowledge-intensive sectors in which open innovation is
highly relevant. Aviation technologies require multidisciplinary expertise, extensive research and development activities,
rigorous testing and validation procedures, and compliance with strict safety and regulatory standards. Consequently, aviation
firms must rely on broad networks of scientific, technological, industrial, and institutional partners to develop and
commercialize innovative solutions. In Iran, knowledge-based aviation firms face additional challenges, including
technological restrictions, limited access to advanced infrastructure, supply constraints, and regulatory complexities, which
increase the need for adaptive and network-oriented innovation approaches (\Mehri & Maleki, 2025). Previous studies have also
emphasized that innovation in Iran’s aviation-related industries depends on strengthening collaboration networks, improving
technological capabilities, and developing effective mechanisms for knowledge transfer (Danesh Kohan et al., 2015).

Although previous research has investigated open innovation in knowledge-based firms and technology-oriented industries,
significant gaps remain regarding the development of a context-specific model for aviation knowledge-based companies.
Existing studies have mainly focused on general manufacturing sectors, small and medium-sized enterprises, or broader
innovation ecosystems, while less attention has been paid to industries characterized by high technological complexity and
regulatory sensitivity. Studies in knowledge-based companies have shown that open innovation implementation depends on
organizational, institutional, cultural, and infrastructural factors (Foladvand et al., 2022). Furthermore, innovation networks,
knowledge management capabilities, and organizational enablers have been identified as important foundations for successful
open innovation implementation (Amiri & Davari, 2022; Shafiei Nikabadi et al., 2025). Therefore, developing an integrated
model that explains the specific dimensions and mechanisms of open innovation in knowledge-based aviation firms is
necessary.

Accordingly, the present study aimed to design and validate an open innovation model for knowledge-based aviation firms
located in science parks and growth centers in Iran. The study sought to identify the key dimensions of open innovation,
examine their structural relationships, and provide a localized framework for enhancing innovation capabilities in the aviation
sector.

Methods and Materials
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This study employed an applied research design using an exploratory mixed-methods approach. In the qualitative phase,
semi-structured interviews were conducted with 17 experts, including academic specialists, managers, founders, technical
experts, and professionals involved in knowledge-based aviation firms. Participants were selected through purposive and
snowball sampling until theoretical saturation was achieved. The qualitative data were analyzed using thematic analysis, and
MAXQDA software was used for organizing and coding the interview data.

In the quantitative phase, the conceptual model developed from the qualitative findings was tested using structural equation
modeling based on the partial least squares approach (PLS-SEM). The statistical sample consisted of 150 managers, technical
managers, research and development specialists, and experts working in knowledge-based aviation firms and related technology
units. Data were collected using a researcher-developed questionnaire based on the extracted themes from the qualitative phase.
The validity and reliability of the measurement model were examined, and the structural relationships among the identified
dimensions were assessed using SmartPLS software.

Findings

The qualitative analysis resulted in the identification of eight main dimensions and sixteen subcomponents representing
open innovation in knowledge-based aviation firms. The identified dimensions included technological ecosystem
embeddedness, external knowledge acquisition channels, intra-organizational architecture for knowledge absorption and
transformation, trust/confidentiality/regulatory infrastructure, testing and validation bottleneck removal, innovative resilience
against constraints, industrial co-creation outcomes, and external circulation of knowledge and technology.

The quantitative findings confirmed the validity of the proposed model. The measurement model demonstrated acceptable
reliability and convergent validity across all constructs. The structural model analysis indicated that all identified dimensions
had significant effects on open innovation. The overall model fit was strong, with a goodness-of-fit (GOF) value of 0.425.

Among the examined dimensions, the strongest path coefficients were associated with intra-organizational architecture for
knowledge absorption and transformation, innovative resilience against constraints, and trust, confidentiality, and regulatory
infrastructure. The results indicated that internal organizational capabilities, adaptive capacity, and institutional mechanisms
play a central role in explaining open innovation development in aviation knowledge-based firms.

Discussion and Conclusion

The findings demonstrate that open innovation in knowledge-based aviation firms is not merely a consequence of external
collaboration but is a complex capability emerging from the interaction between internal organizational capacities and external
innovation networks. The identified model highlights that successful open innovation requires firms to simultaneously develop
external relationships and internal mechanisms for knowledge absorption, transformation, and utilization.

The importance of technological ecosystem embeddedness indicates that aviation firms should strengthen their relationships
with universities, research centers, technology companies, and innovation-supporting institutions. Participation in innovation
networks can provide access to complementary resources and facilitate collaborative technology development. However,
external relationships become effective only when organizations possess sufficient internal capabilities to process and exploit
acquired knowledge.

The findings regarding knowledge absorption and transformation emphasize that open innovation should be considered an
organizational learning capability rather than simply a strategy for acquiring external knowledge. Aviation firms need to
establish internal structures that enable knowledge integration, interdisciplinary collaboration, and conversion of external

information into technological solutions.
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The significant role of trust, confidentiality, and regulation highlights the importance of institutional and relational
mechanisms in aviation innovation. Given the sensitivity of aviation technologies, collaboration requires clear agreements
regarding intellectual property, knowledge protection, and regulatory compliance. Establishing reliable governance
mechanisms can reduce collaboration risks and encourage knowledge exchange among innovation partners.

Furthermore, the role of innovative resilience demonstrates that open innovation can function as a strategic mechanism for
responding to environmental constraints. For aviation firms operating under technological and resource limitations, developing
flexible networks and adaptive capabilities can support continuous innovation and technological advancement.

Overall, the validated model provides a comprehensive framework for understanding open innovation in Iran’s knowledge-
based aviation firms. The findings suggest that policymakers, managers, and innovation-supporting organizations should focus
on strengthening innovation ecosystems, improving knowledge management capabilities, facilitating collaborative
infrastructures, and creating supportive regulatory environments. By adopting a localized, network-oriented, and capability-
based approach, aviation knowledge-based firms can enhance their innovation capacity and improve their ability to develop
competitive technologies.
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