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ARTICLE INFO ABSTRACT

Indian universities are increasingly recognized not just as educational
institutions, but as dynamic engines of innovation and socio-economic progress.
However, the journey from lab-based research to market-ready technology
remains hindered by fragmented systems, limited commercialization pathways,
and weak industry linkages. This study develops and validates a contextualized
conceptual framework that enhances technology transfer in Indian universities,
focusing on the successful incubation of university spin-offs and start-ups.
Drawing on a mix of secondary literature and primary data from 289
institutions—including central, state, and private universities—this research
identifies six critical drivers of incubation support: national policy initiatives,
resource availability, financial assistance, awareness programs, industrial
linkages, and intellectual property rights (IPR) management. Statistical analysis
through ANOVA confirms the significant influence of these enablers on
incubation success and the broader technology transfer landscape. The proposed
framework not only unifies these strategic components but also offers a scalable,
actionable roadmap for stakeholders—including government bodies, academic
leaders, and industry collaborators—to foster entrepreneurial growth and
innovation. Ultimately, this research contributes to positioning India as a global
leader in academic entrepreneurship, offering empirical insights that bridge the
gap between knowledge creation and commercialization.

Keywords:  Technology  transfer, University spin-offs, = Academic
entrepreneurship, Innovation ecosystem, Incubation support, Intellectual
property management

1. Introduction

Universities and Academic Research Institutions (ARIs) are at the epicenter of innovation ecosystems
worldwide, with India being no exception. These institutions not only serve as generators of scientific
knowledge but are increasingly seen as agents of socio-economic development through research
commercialization and entrepreneurial activity (Pu et al., 2024). With the rise of knowledge economies, the
role of Indian universities has evolved from education providers to strategic partners in national innovation
systems (Caputo et al., 2022).

However, the translation of academic research into tangible products and services remains fraught with
institutional, policy, and executional challenges. Technology Transfer (TT)—defined as the systematic process
of moving research outputs from the academic domain to industry or society—acts as the critical bridge
between invention and innovation (Miranda et al., 2018). In India, despite several initiatives, the technology
transfer landscape remains fragmented, often characterized by weak university—industry linkages,
underutilized intellectual property, and limited entrepreneurial capacity (Kuriakose, 2016; Sheth et al., 2019).
International literature offers extensive frameworks on how universities, particularly in developed
economies, have successfully nurtured spin-offs and start-ups to drive regional growth (Hayter et al., 2017;
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Holgersson & Aaboen, 2019). However, there remains a significant gap in contextualized models tailored to
India's unique socio-economic and institutional environment (Ravi & Janodia, 2022). Furthermore, the
ecosystem faces persistent barriers including unclear IP policies, lack of funding channels, and minimal
awareness of commercialization pathways among academic researchers (Kashyap & Agrawal, 2019;
Burhanuddin et al., 2009).

Given this background, the present study aims to conceptualize a framework for the effective implementation
of technology transfer within Indian universities. By integrating insights from secondary research and
empirical findings, this paper seeks to identify enablers and inhibitors of successful technology
commercialization while proposing a scalable, context-driven model that can bridge the gap between lab-
based innovation and market impact.

2. Literature Review

Universities have transformed from traditional education centers into key actors in national innovation
systems, contributing to socio-economic development through the generation and commercialization of
scientific knowledge (Pu et al., 2024; Caputo et al., 2022). This transformation has catalyzed the growth of
university spin-offs (USOs), which operate as entrepreneurial ventures derived from academic research.
Caputo et al. (2022) argue that USOs have become essential tools for fostering regional development and
economic growth.

Academic entrepreneurship plays a critical role in bridging the gap between research and commercialization.
Wood (2011) presents a process-based model explaining how faculty and students contribute to
entrepreneurial outcomes within universities. Similarly, Boh et al. (2016) and Hayter et al. (2017) emphasize
that both faculty and graduate students significantly influence spin-off formation and success. Sieg,
Posadznska, and Jo6zwiak (2023) further highlight that academic entrepreneurship drives sustainable
development by enabling universities to act as innovation engines.

Technology Transfer Offices (TTOs) facilitate the movement of knowledge and inventions from university
labs to the marketplace. Holgersson and Aaboen (2019) offer a comprehensive review of intellectual property
(IP) management practices in TTOs, noting a shift from merely appropriating IP to strategically utilizing it for
broader impact. Miranda et al. (2018) reaffirm this by arguing that effective technology transfer mechanisms
ensure the commercialization of research that might otherwise remain dormant.

Despite policy advancements such as the National Innovation and Startup Policy (NISP), India faces
significant challenges in university—industry collaboration. Kuriakose (2016) identifies structural gaps in
Indian technology transfer models, while Sheth et al. (2019) stress the need for streamlined regulatory
processes to encourage commercialization. Ravi and Janodia (2022) present a comparative model based on
global success stories, underscoring the need for context-specific frameworks tailored to India’s unique
institutional and socio-economic environment.

Kashyap and Agrawal (2019) identify trust deficits, lack of shared objectives, and bureaucratic inertia as
major obstacles to academia—industry collaboration. Complementing this, Burhanuddin et al. (2009)
examine similar barriers in Malaysian Small and Medium Entreprise (SMEs) —offering parallels that
reinforce the need for robust support structures in India. Meanwhile, Kumar and Jain (2002) trace the
historical evolution of India’s innovation policy and advocate for increased alignment between research
output and industrial needs.

Investment mechanisms such as venture capital, angel funding, and Public Private Partnership (PPP) models
are vital for scaling university spin-offs. Fu, Harrison, and Li (2022) provide empirical evidence that venture
capital significantly boosts spin-off success in emerging economies. Equally important is the strategic
management of intellectual property (IP); Aggarwal (2021) and Shahidan et al. (2023) highlight how
proactive IP commerecialization can attract investment and support technology sustainability.

While substantial literature discusses the potential of technology transfer, few studies offer empirically
validated frameworks specific to Indian universities. Bejarano et al. (2023) conduct a systematic review on
open innovation, yet the applicability to Indian contexts remains limited. So the objective of this study was to
develop and validate a contextualized conceptual framework for the successful implementation of technology
transfer in Indian universities by identifying and analyzing the key institutional, strategic, and operational
factors—such as funding mechanisms, IPR management, industrial linkages, and resource availability—that
influence the growth of university spin-offs and commercialization outcomes.

3. Research Methodology

This study adopts a descriptive and exploratory research design integrating both secondary and primary data
sources. Secondary data was drawn from a systematic review of scholarly literature related to university spin-
offs, technology transfer, intellectual property management, and academic entrepreneurship in India and
globally. These insights informed the development of the primary research instrument. Primary data was
collected through a structured questionnaire aimed at identifying the key enablers, challenges, and
institutional practices influencing spin-off development and commercialization activities at Indian
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universities. The questionnaire was critically reviewed and vetted by academic experts to ensure clarity,
relevance, and alignment with research objectives.

A convenience sampling technique was used to targeting respondents working in Technology Transfer Offices
(TTOs) and Incubation Centres of Indian universities. Out of the target sample size of 303, 289 valid
responses were received during the survey period from April 2023 to May 2024, yielding an impressive
response rate of 95.75%, which, as per Fincham (2008), is adequate for generalizing findings to the larger
population. To determine the appropriate sample size for this study, Yamane’s (1967) formula—as revisited
by Ahmed (2024)—was utilized, ensuring both statistical precision and practical feasibility. Given the finite
population of 1,239 universities in India (as reported by the University Grants Commission as of January 25,
2023), the formula was applied using a 5% margin of error at a 95% confidence level. The formula used was:

N

"TI1v NG

Where:

n = required sample size

N = total population (1,239)
e = margin of error (0.05)

This method provided a statistically reliable estimate of the minimum sample size necessary for drawing
generalizable insights from the surveyed universities involved in technology transfer and commercialization.
The Table 1 and Graph 1 represented the participants of the survey for collecting the primary data from a
range of Indian academic research institutions (ARIs)—central universities, institutes of national importance,
state universities, deemed universities, and private universities—actively engaged in technology transfer
activities.

Table 1:
S.No. | Type of ARI Total
1 Central University 10
2 Deemed to be Universities 48
Institutions of National
3 Importance 37
4 Private University 135
5 State University 59
Grand Total 289
Graph 1:
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While the response rate was high and the sample size robust, convenience sampling may limit the external
generalizability of results. The study also relies on self-reported data, which may be subject to response bias.
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Additionally, the cross-sectional nature of the survey restricts analysis to a specific timeframe without
accounting for longitudinal changes in policy or institutional practices. These were the limitation of the study.

4. Conceptual Framework Development

The proposed framework emerged from a comprehensive review of scholarly and policy literature, followed
by validation through survey data gathered from Technology Transfer Offices, Incubators, and IP Facilitation
Centres across India’s Academic Research Institutions (ARIs). Based on this posit the hypotheses (H;-H,),
which were empirically tested through survey responses and regression analysis drawing on best practices
and empirical insights, which in turn catalyzes effective technology transfer and spin-off formation.

H.: National policy and initiatives exert a positive influence on incubation support.

H.: Resource availability positively affects incubation support.

H;: Funding support positively affects incubation support.

H,: Awareness programs and activities positively affect incubation support.

H;: Industrial linkages positively affect incubation support.

He: Effective IPR policies and management positively affect incubation support.

H,: Incubation support has a positive impact on technology transfer outcomes, including spin-off and start-
up creation.

5. Results and Discussion

All the drivers demonstrated statistically significant contributions to incubation support (p < 0.05) (Tobias,
S., & Carlson, J. E. 1969), as represented in Analysis of Variances (ANOVA) results for our seven hypotheses
in Table 2 and incubation support itself was a strong predictor of technology transfer success after the
analysis of the data using the ANOVA as the Table 2 shows that the National policy and initiatives exert a
positive influence on incubation support, F(3, 286) = 107.621, p < .005. Resource availability positively
affects incubation support, F(4, 285) = 37.817, p < .005. Funding support positively affects incubation
support, F(4, 285) = 7.294, p < .005. Awareness programs and activities positively affect incubation support,
F(4, 285) = 17.271, p < .005. Industrial linkages positively affect incubation support, F(4, 285) = 20.771, p <
.005. Effective IPR policies and management positively affect incubation support, F(4, 285) = 37.303, p <
.005 and Incubation support has a positive impact on technology transfer outcomes, including spin-off and
start-up creation, F(4, 285) = 9.255, p < .005.

Table 2:
Hypothesis ANOVA g:;::lres()f df g{f‘iﬁ‘e F Sig. Result
National policy | Between
and initiatives | Groups 102.844 3 34.281 107.621 .000
exert a positive | Within
Hi | i fluence on | Groups 91.101 286 .319 Accepted
incubation
support. Total 193.945 289
Respurgg Between 24.787 4 6.197 37.817 .000
availability Groups
positively  affects | Within
H. incubation Groups 46.701 285 .164 Accepted
support. Total 71.488 289
Funding support | Between
positively  affects | Groups 2.498 4 624 7-294 000
Hs; | incubation Within Accepted
support. Groups 24-399 285 086
Total 26.897 289
Awareness Between
programs and | Groups 13.273 4 3.318 17.271 .000
H, | activities positively | Within 3 28 102 Accepted
affect incubation | Groups 5475 5 19
support. Total 68.031 289
Industrial linkages (B;izﬁezn 13.656 4 3.414 20.771 .000
H positively  affect Wi thir; Accepted
5 | incubation 46.841 285 164
support. Groups
Total 60.497 289
Effective IPR | Between
He | policies and | Groups 24.648 4 6.162 37:304 000 Accepted
management Within 47.077 285 .165
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positively  affect | Groups
incubation

support. Total 71.724 289
Incubation Between
support has a | Groups 3-079 4 770 9-255 -000
H; | positive impact on | Within Accepted
technology Groups 23.701 285 083
transfer Total 26.779 289

These findings confirmed that each of the six drivers—national policy, resources, funding, awareness,
industry linkages, and IPR management—exerts a statistically meaningful effect on incubation support,
which in turn robustly predicts successful technology transfer and spin-off growth. Based on these results the
Figure 1 illustrates the Conceptual Framework for Effective Technology Transfer in Indian Universities. Each
of the six drivers feeds into the central Incubation Support node. An outbound arrow links Incubation
Support to Technology Transfer & Spin-off Growth. Icons around the perimeter denote the key stakeholders
aligned with each component.

The strong effect of national policy and initiatives underscores the government frameworks such as the
National Innovation and Startup Policy which creates the enabling environment for incubation support
(Sheth et al., 2019). Adequate infrastructure and human capital (resource availability) emerged as equally
critical, echoing earlier calls for enhanced university research facilities (Kuriakose, 2016).

Funding support’s significance aligns with evidence that seed grants, venture capital, and Public-Private
Partnership (PPP) models accelerate spin-off development by bridging the “valley of death” (Fu, Harrison, &
Li, 2022). Meanwhile, targeted awareness programs and entrepreneurship training cultivate an innovation
mind-set among faculty and students, in line with findings on academic entrepreneurship’s role in
sustainable development (Sieg, Posadzhska, & J6Zwiak, 2023).

Industrial linkages reinforce these effects by opening channels for joint R&D, pilot testing, and market
feedback—mechanisms that are central to effective university—industry partnerships (Miranda, Chamorro, &
Rubio, 2018). The outsized impact of IPR management highlights the necessity of proactive patenting,
licensing strategies, and IP valuation in translating inventions into commercial ventures (Holgersson &
Aaboen, 2019).

Finally, the positive association between incubation support and technology transfer outcomes validates our
framework’s core premise: a well-resourced, policy-backed, and industry-connected incubation ecosystem is
the linchpin for converting academic research into marketable spin-offs (Wood, 2011). Collectively, these
results offer empirical grounding for the proposed conceptual model and point to clear levers for
policymakers, university leaders, and industry partners aiming to strengthen India’s innovation pipeline.

This discussion underscores the multifaceted nature of successful technology transfer and provides evidence-
based direction for policy makers, university leaders, and industry collaborators aiming to strengthen India’s
innovation pipeline.

Figure 1:
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6. Conclusion

This conceptual framework presents a structured and forward-thinking blueprint to enhance technology
transfer within Indian universities. Its core aim is to foster the development of spin-off enterprises and start-
ups emerging from academic innovation. Grounded in empirical findings, the model incorporates six critical
pillars: strategic policy formulation, sufficient resource allocation, dedicated financial mechanisms,
awareness and capacity-building initiatives, industry engagement, and effective intellectual property
management. Together, these components form a cohesive system that supports academic entrepreneurship
and facilitates the transformation of pioneering ideas into market-ready ventures. The model proposes:

Ensuring access to cutting-edge research infrastructure and skilled mentors.

Providing targeted financial schemes through public and private investment.

Promoting entrepreneurial literacy and showcasing successful academic ventures.

Establishing strong university-industry collaborations through joint initiatives and networking.
Enhancing Technology Transfer Offices (TTOs) to guide commercialization efforts.
Strengthening IP support frameworks and increasing stakeholder awareness.

The proposed framework serves as an integrative and actionable guide to empower Indian universities in
driving innovation-led economic growth. By strategically aligning institutional capabilities with national
policy imperatives and industry needs, it bridges the divide between academic research and entrepreneurial
success. This model not only lays the groundwork for a thriving ecosystem of university spin-offs and start-
ups but also positions India to emerge as a prominent global player in knowledge commercialization and
academic innovation. The study contributes a vital tool for stakeholders—including academia, policymakers,
and industry leaders—to harness the transformative potential of research-driven entrepreneurship.
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