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INTRODUCTION

Biotechnology has become a cornerstone of 21st-century innovation, with major applications in
health, agriculture, environment, and industry. However, the sectot’s ability to generate high-value
solutions depends on effective collaboration between universities and industry, which is strongly
shaped by national policy frameworks. Over the past decade, these policies have significantly
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influenced the scale and effectiveness of university—industry collaboration (UIC), determining
research outputs, commercialization outcomes, and the formation of innovation ecosystems.

National innovation policies influence the performance of universities by promoting strategic
partnerships with industry, which in turn enhance rates of innovation and commercialization (Zhi-
yang et al., 2022). These policies are often operationalized through structured programs and
models designed to facilitate collaboration. The Demola model, for instance, is a notable initiative
that originated to strengthen ties between academia and industry through structured innovation
projects (Catala-Pérez et al., 2020). Such frameworks actively align academic research agendas with
market demands, ensuring that research activities generate not only scholarly impact but also
tangible industrial and societal benefits (Fernandes et al., 2017; Song et al., 2022).

A common policy instrument is the creation of biotechnology hubs that act as institutional anchors
for collaboration. These hubs bring together universities, government agencies, and private firms
within models adapted to regional contexts. For example, U.S. clusters such as Boston and San
Francisco thrive through strong venture capital ecosystems and dense academic—industry networks
(Jensen, 2016), while China’s rapid expansion of biotech hubs has been driven largely by
government investment and policy incentives (Zhuang et al., 2021). The global unevenness of such
hubs reflects differences in political commitment and resource allocation (Yi et al., 2016).

The application of Triple, Quadruple, and Quintuple Helix models provides a theoretical basis for
analyzing UIC in biotechnology. The Triple Helix framework, integrating universities, industry,
and government, remains foundational in understanding collaborative innovation processes
(Waring et al., 2020). The Demola initiative in Finland and Spain exemplifies the operationalization
of this model, bridging educational and industrial sectors through shared innovation projects
(Catala-Pérez et al., 2020). The Quadruple Helix model expands this by incorporating civil society,
highlighting the importance of public engagement in technological adoption and regulatory
acceptance (Valic et al, 2023). The Quintuple Helix adds an environmental dimension,
underscoring the role of ecological sustainability in shaping innovation trajectories (Waring et al.,
2020). These models are particularly relevant in biotechnology, where public perception and
environmental impact are critical determinants of both market viability and policy support.

Public engagement and environmental integration have been shown to substantially influence
biotech innovation outcomes. Participatory approaches including public consultations, educational
outreach, and collaborative citizen science enhance societal acceptance of biotechnological
solutions (Vaaland & Ishengoma, 2016). Moreover, integrating sustainability principles into
biotech R&D has yielded products that address both market demands and environmental
challenges (Leng & Zhang, 2024). Prioritizing these dimensions fosters comprehensive innovation
strategies that improve performance indicators while building public trust (Yao et al., 2021).

A key divergence between developed and emerging economies lies in commercialization timelines.

In advanced systems such as the U.S. and Germany, research-to-market processes take 10—15 years
with support from established venture capital and regulatory mechanisms (Maninggar et al., 2018).
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In contrast, emerging economies like India and Nigeria face delays due to weaker investment
climates, inefficient patenting, and bureaucratic hurdles (Zhuang et al., 2021).

Government research and development (R&D) funding is a critical lever for accelerating biotech
product development. Substantial public investment not only provides essential infrastructure and
resources but also signals government commitment, thereby encouraging private sector
participation. In advanced economies, public R&D funding frequently complements private
capital, creating a synergistic environment conducive to high innovation rates (Fernandes et al.,
2017). Empirical studies confirm that nations with greater public investment in R&D achieve faster
biotech advancements, as measured by patent outputs and commercialization success (Sun et al.,
2020). Governmental facilitation of such funding mechanisms can reduce the financial risks borne
by nascent biotech firms and academic research groups, enabling them to engage in higher risk,
higher reward innovation activities (Shi & Xiao, 2024).

In summary, biotechnology performance is shaped by the interplay of national policy, institutional
collaboration, public engagement, and sustainability. Applying the Triple, Quadruple, and
Quintuple Helix models enables the design of more integrated ecosystems that balance economic,
societal, and environmental objectives. This study therefore aims to analyze how institutional and
policy drivers of UIC foster biotechnology innovation and to identify models that can accelerate
commercialization and competitiveness in both developed and emerging economies.

METHOD

This study adopts a Qualitative Comparative Analysis (QCA) approach to investigate the
institutional and policy drivers of university industry collaboration (UIC) in biotechnology. QCA
is particularly suited to the analysis of complex, multi factor phenomena, as it allows for the
systematic comparison of multiple cases while maintaining sensitivity to contextual variations. Its
application in policy and innovation studies has grown substantially in recent years due to its ability
to integrate qualitative depth with systematic cross case analysis (O’Reilly et al., 2018;
Tereshchenko et al., 2024).

Case selection followed best practices in QCA, with four cases purposively chosen: SynbiCITE
(UK), Bio Innovation Hub (Australia), Panjab University (India), and Oxford Science Enterprises
(UK). These sites were selected because they represent diverse institutional models and policy
environments, thereby allowing cross-country comparison of governance structures, funding
mechanisms, and policy incentives. The diversity enhances the capacity to identify causal
configurations of successful UIC outcomes.

Theoretical sensitivity was applied to case selection and condition definition, ensuring that the
research drew from existing frameworks such as the Triple, Quadruple, and Quintuple Helix
models, as well as prior empirical studies on policy driven innovation ecosystems. This sensitivity
improves the robustness of conclusions by grounding the analysis in established theory while
remaining open to emergent patterns(O’Reilly et al., 2018).
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Data collection employed triangulation to enhance validity and depth of insight, drawing from
multiple sources:

1. Document Analysis Institutional annual reports, national policy documents, and
international benchmarking reports.

2. Secondary Data Patent statistics, start-up performance metrics, and commercialization
timelines from authoritative sources such as the World Intellectual Property Organization
(WIPO), the Organisation for Economic Co-operation and Development (OECD), and
the Global Entrepreneurship Monitor (GEM) (Rantala et al., 2021).

3. Academic Literature Peer reviewed articles focusing on UIC models, policy interventions,
and biotechnology innovation systems.

Where possible, data were cross verified across at least two independent sources to ensure
reliability. This triangulated approach provides a nuanced understanding of the context and
facilitates the validation of findings across different forms of evidence (Fernandes et al., 2020).

Data analysis employed Boolean algebra to test combinations of conditions linked to UIC
performance. Conditions were defined operationally from literature: mission-based R&D policies,
integrated hubs, revenue-sharing IP frameworks, and university-linked venture capital structures.
Each condition was coded as binaty (present/absent) for cross-case compatison.

The analysis process involved:

e Coding conditions into binary variables (presence/absence) based on operational
definitions derived from literature and empirical observation.

e Comparing configurations across the four cases to determine necessary and sufficient
conditions for improved innovation outcomes.

e Assessing robustness by examining contradictory configurations and considering
alternative explanations (Razak & Murray, 2017).

UIC performance was assessed using both quantitative indicators (number of patents, publications,
technology transfer events) and qualitative indicators (stakeholder satisfaction, relationship
longevity, and alignment of objectives). This combination captured not only measurable outputs
but also partnership dynamics that underpin sustainability.

To support the cross national dimension of this analysis, reliable and comprehensive datasets were
employed:

e WIPO patent filings and grants, categorized by technology field and applicant type.

e OECD indicators on innovation performance, start-up creation rates, and
commercialization timelines.

e Global Entrepreneurship Monitor (GEM) comparative data on start-up survival rates and

entrepreneurial ecosystems.
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e FBuropean Patent Office (EPO) and UNCTAD  additional statistics on international

patent flows, technology transfer activities, and innovation policy effectiveness (Rezaei &
Kamali, 2022).

These sources provide both the quantitative backbone for the analysis and the contextual

information necessary for interpreting institutional and policy influences.
Consistent with high standards of qualitative research transparency, the study documents:

e The coding procedures and decision rules for classifying case attributes.

e The contextual features of each case, including national policy environments, institutional
history, and sectoral focus.

e The theoretical implications of findings for broader discussions on UIC and biotechnology

policy.

This structured reporting approach ensures that the study’s conclusions are replicable, transparent,
and applicable to both academic and policymaking audiences (Yessimova et al., 2024.

RESULT AND DISCUSSION

This section presents findings from the comparative analysis of four biotechnology innovation
models—SynbiCITE (UK), Bio Innovation Hub (Australia), Panjab University (India), and
Oxford Science Enterprises (OSE, UK). Results are structured thematically to highlight (1)
governance and institutional frameworks, (2) performance outcomes, and (3) the role of policy

incentives.

Comparative Policy Features of Key Case Studies

Institutional frameworks that have proven effective in sustaining biotechnology innovation
ecosystems often exhibit multifaceted governance mechanisms. These mechanisms foster
collaboration among universities, industry, and government entities by adopting integrated
approaches grounded in the principles of metagovernance a concept that recognizes the
importance of contextual factors and the interplay of various governance styles (Fiandrino et al.,
2023). Such frameworks not only facilitate knowledge exchange but also leverage the
complementary strengths of stakeholders to advance sustainability oriented innovations
particularly vital in biotechnology, where technological complexity intersects with regulatory and
market dynamics (Nyamaka et al., 2020).

Hybrid innovation hubs exemplify this approach by operating at the intersection of public and
private sectors. They typically adopt mixed funding models, combining government grants, private
investment, and cross sector partnerships. In these models, government support often funds the
initial research and development phases, while private capital is injected during commercialization
and scale up (Ngongoni et al., 2022). Successful hybrid hubs, such as SynbiCITE and Bio
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Innovation Hub, demonstrate flexibility in funding approaches, adapting resource allocation to
match the needs of different innovation stages (Yaghmaie & Vanhaverbeke, 2019).

In terms of intellectual property (IP) frameworks, revenue sharing agreements have been shown
to align university and industry interests by incentivizing commercialization and resource sharing
(Okonji & Amuda, 2023). However, such arrangements are not without challenges: disputes over
revenue distribution and ovetly restrictive terms can discourage future collaboration
(Katimertzopoulos et al., 2023). Clear, equitable, and transparent IP agreements are essential to

balance protection with incentives, thereby maximizing the potential for innovation (Boyer, 2020).

University-linked venture capital, exemplified by OSE, provides not only patient capital but also
mentorship and networks. This model increases start-up survival and accelerates
commercialization by aligning academic research with market needs (Johnson, 2023; Koch-Orvad
et al.,, 2019).

Comparative Policy Features of Key Case Studies

Institution Count Policy Support  Model Type IP Key Outcomes
ry Arrangeme
nt
SynbiCITE UK Gov't  grants, Hybrid Shared 20+ start ups,
industry Innovation & licensing £400M raised

partnerships Knowledge
Centre

Bio Innovation Austra VC incentives, Physical hub + Institution = mRNA  hub

b

Hub (La lia mission based strategic owned industry

Trobe) R&D investment partnerships

Panjab India  Gov’t IP policy Revenue sharing Joint Patented

University alignment IP ownership ~ nanomicelle
tech licensed

Oxford UK Univ. linked VC  Venture capital Equity £500M

Science arm based invested in spin

Enterprises outs

(OSE)

Outcome Metrics for Institutional Models

Time to market is a critical performance indicator in biotechnology, representing the period from
initial R&D to commercial product launch. This metric incorporates multiple stages, including
preclinical trials, regulatory approvals, and scaling of production (Liu & Stephens, 2019). The
inherently high risk and stringent regulatory environment of biotechnology often extend timelines;
however, institutional models that combine strong governance, funding support, and regulatory
engagement can significantly accelerate the process (Walrave et al., 2018).

Start-up survival rates in biotechnology are influenced by multiple factors, including access to
capital, mentorship, and robust collaborative networks (Sultana & Turkina, 2023). The presence
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of a strong business model that is responsive to market demands further enhances sustainability
(Liang et al., 2024). Partnerships with established industry actors can offer critical market insights,
operational expertise, and credibility, all of which contribute to survival beyond the volatile early
years (Kolloch & Dellermann, 2018).

Joint patents, ranging from 15+ at Panjab University to 50+ at SynbiCITE, reflect collaborative
R&D outputs. High joint patenting correlates with downstream innovations, reinforcing the value
of cooperative IP arrangements in dynamic ecosystems (Raposo et al., 2021).

Regional differences in commercialization efficiency are strongly shaped by policy environments,
institutional capacity, and funding accessibility. Developed regions with mature innovation systems
typically achieve higher commercialization rates than emerging economies, underscoring the
influence of policy and infrastructure readiness (Peter, 2021).

Outcome Metrics for Institutional Models

Metric SynbiCI ~ Bio Panjab O
TE Hub  Univ. SE

Time to market reduction 2.0 1.5 1.0 1.

(years) 5
5 year survival rate (%0) 70 65 60 75
Joint patents filed 50+ 30+ 15+ 40

+

Policy Incentives vs Innovation Outcomes

Mission based R&D initiatives have demonstrated exceptional capacity to focus collaborative
efforts on pressing societal challenges, including public health and environmental sustainability.
Such programs not only concentrate resources but also foster multi stakeholder collaboration,
accelerating innovation cycles in fields like drug discovery and agricultural biotech (F. Huang et
al., 2020; Xiong et al., 2022).

Policy driven IP reforms play a critical role in shaping innovation activity. Strengthened IP
protections tend to encourage patent filings, creating a more favorable environment for
commercialization (Santos et al., 2021). However, excessively rigid IP rules can deter inventors,
highlighting the need for a balanced approach.

University linked VC incentives differ from private sector funding in that they typically operate
with a longer term perspective, prioritizing sustainable growth over immediate returns (Oliver &
Rittblat, 2023). This “patient capital” approach allows biotech firms to pursue ambitious, high

impact innovations without the short term pressures common in private equity markets
(Chaminade & Randelli, 2020).

Well-designed national biotech policies yield measurable economic gains, including GDP growth,
job creation, and competitiveness. Countries with coherent policy frameworks achieve stronger
innovation ecosystems (Bittencourt et al., 2021 ; Almpanopoulou et al., 2019)).

34 | Novatio: Journal of Management Technology and Innovation https://journal.idscipub.com/novatio


https://journal.idscipub.com/summa

Hybrid Governance and Policy Frameworks as Catalysts for Biotechnology Innovation: Global
Lessons for Emerging Economies
Arainy and Sunarno

Policy Incentives vs Innovation Outcomes

Policy Feature  Countries Avg.  Commercialization ~ Time Avg. Patent Output
Applying Reduction (months) Increase (%)
Mission based Australia, 18 22
R&D Singapore
Revenue India, 12 18
sharing IP Malaysia
University UK, USA 20 25
linked VC
Summary of Findings:

The analysis reveals that hybrid governance models, flexible funding structures, and strategically
aligned IP frameworks are key enablers of biotechnology innovation success. Institutions that
combine these features with mission oriented policies and patient capital structures outperform
peers on metrics such as time to market, patent activity, and start up survival.

Integrated Governance and Hybrid Innovation Hubs

The comparative analysis of institutional and policy frameworks across the four case studies
SynbiCITE (UK), Bio Innovation Hub (Australia), Panjab University (India), and Oxford Science
Enterprises (OSE, UK) reveals that biotechnology innovation performance is shaped by a complex
interplay of governance structures, funding mechanisms, intellectual property (IP) arrangements,
and targeted policy incentives. This aligns with the principles of metagovernance, which stress the
dynamic interaction of multiple governance styles and the importance of adapting collaborative
frameworks to specific policy and market contexts (Fiandrino et al., 2023).

Hybrid hubs, such as SynbiCITE and Bio Innovation Hub, demonstrate how blending public and
private funding reduces risks in early R&D and accelerates commercialization. This finding
supports prior studies showing that mixed funding enhances innovation efficiency (Yaghmaie &
Vanhaverbeke, 2019). The adaptability of these hubs illustrates that innovation ecosystems thrive
when resources can be reallocated flexibly in response to shifting technological priorities.

Intellectual Property Models and Revenue Sharing

Revenue sharing IP frameworks, as exemplified by Panjab University, can effectively align
academic and industry incentives by encouraging applied research, enabling both sectors to share
risks and rewards, and providing clearer pathways to commercialization. Such arrangements can
unlock additional resources for both partners, enhancing long term sustainability by ensuring that
revenue streams support reinvestment into research infrastructure, staff development, and market
expansion. They can also foster a sense of joint ownership over innovation outcomes, which in
turn strengthens trust and collaborative momentum between parties. However, challenges arise
when revenue distribution terms are perceived as inequitable, overly restrictive, or insufficiently
flexible to respond to evolving market conditions. These issues can lead to protracted disputes,
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reduced morale among academic researchers, and diminished willingness to engage in future
projects, particularly if revenue caps or licensing restrictions limit the perceived benefits of
participation (Katimertzopoulos et al., 2023). Furthermore, inadequate communication about the
rationale for distribution models can exacerbate tensions, especially in cross border collaborations
where legal and cultural perspectives on IP differ. For maximum impact, IP frameworks must be
transparent, fair, and clearly documented, with mechanisms for periodic review and adaptation to
changing biotechnology market dynamics, evolving regulatory landscapes, and emerging
collaborative opportunities.

University Linked Venture Capital and Strategic Support

University-linked venture capital, such as OSE, plays a bridging role in overcoming the “valley of
death” between research and market adoption. Unlike conventional VC, patient capital models
enable high-risk projects to survive longer, which aligns with theories of entrepreneurial finance
emphasizing long-term value creation (Koch-Orvad et al., 2019). This shows that financial
instruments embedded within universities can act as institutional innovations in their own right.

Performance Metrics and Collaborative Outputs

The performance metrics derived from the case studies reinforce the qualitative analysis.
SynbiCITE achieved time to market reductions of approximately two years, while Bio Innovation
Hub reduced timelines by around one and a half years evidence of the efficiency gains possible
through integrated governance and coordinated funding. Start-up survival rates exceeding 65% in
three of the four cases highlight the importance of sustained institutional support and risk sharing
mechanisms. High levels of joint patent activity further underscore the role of collaborative R&D
in producing commercially relevant innovations. The observed correlation between joint patent
counts and subsequent product innovations, documented by Raposo et al. (2021) and Sotirofski
(2024), suggests that active IP collaboration fosters more dynamic and productive innovation
ecosystems.

Policy Incentives as Innovation Drivers

Policy incentives play a critical role in amplifying institutional strengths. Mission based R&D
policies, particularly in Australia and Singapore, have been shown to focus resources on high
priority national objectives, thus accelerating commercialization timelines and increasing patent
outputs (J. Huang et al., 2020). Balanced IP reforms can encourage patent activity while avoiding
deterrence of potential innovators (Santos et al., 2021). Furthermore, university linked VC
incentives often prioritize long term growth and sectoral development over immediate returns,
enabling a strategic approach to technological advancement that aligns with the long life cycles of
biotechnology products (Oliver & Rittblat, 2023).
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Economic and Regional Implications

The economic impacts of coherent national biotech policies are substantial, contributing to GDP
growth, job creation, and increased international competitiveness (Bittencourt et al., 2021). The
case studies demonstrate that when national policies are integrated with institutional strategies,
they create a reinforcing cycle that boosts innovation capacity and commercial success. However,
regional disparities persist: developed economies generally outperform emerging ones in
commercialization efficiency due to stronger institutional capacity, well established funding
ecosystems, and more predictable regulatory environments (Peter, 2021). For emerging economies,
successful adoption of these models requires significant adaptation, including targeted regulatory
reforms, investment in innovation infrastructure, and skill development initiatives.

CONCLUSION

This study highlights that successful biotechnology innovation depends on the strategic alignment
of institutional capacity with supportive national policies. Evidence from four cases SynbiCITE,
Bio Innovation Hub, Panjab University, and Oxford Science Enterprises demonstrates that hybrid
governance, diversified funding, transparent intellectual property (IP) frameworks, and targeted
policy incentives are consistently associated with improved commercialization, higher start-up

survival, and stronger innovation ecosystems.

The findings contribute to theory by reinforcing the relevance of metagovernance and helix models
in biotechnology, showing that institutional innovations such as hybrid hubs and university-linked
venture capital can reduce systemic risks and accelerate knowledge translation. Practically, the
study suggests that emerging economies should adapt these models by strengthening regulatory
capacity, investing in human capital, and ensuring transparent IP governance. Such localized
adaptation provides a pathway for building resilient and competitive biotechnology sectors that
generate not only economic growth but also long-term societal benefits.
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