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Abstract

The translation of scientific discoveries and technological innovations into commercially viable
products and services remains one of the most persistent challenges facing modern economies.
Despite substantial investments in research and development, a significant gap persists between
laboratory breakthroughs and market adoption, a phenomenon widely recognised as the "valley of
death" in innovation management. This paper presents a comprehensive framework for accelerating
technology commercialisation across emerging industries, synthesising insights from artificial
intelligence security, commercial space technology, advanced materials, educational technology,
healthcare innovation, and edge computing systems. Drawing upon recent advances in
investment-driven commercialisation strategies, government-guided industrial funds, strategic park
development, and large-scale innovation fund management, the study proposes an integrated model
that addresses the multifaceted barriers to commercialisation. The framework encompasses four
pillars: strategic investment mechanisms, ecosystem development, regulatory alignment, and human
capital formation. Through systematic analysis of case studies spanning diverse sectors, the paper
demonstrates that successful commercialisation requires coordinated action across public and
private stakeholders, with particular emphasis on the role of intermediary institutions,
standardisation, and adaptive governance structures. The findings have significant implications for
policymakers, industry leaders, and researchers seeking to bridge the gap between innovation and
market impact.

Keywords: Technology Commercialisation, Innovation Management, Investment-Driven
Framework, Emerging Industries, Artificial Intelligence, Commercial Space, Strategic
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1. Introduction

The contemporary innovation landscape is characterised by unprecedented scientific discovery and
technological advancement, yet the capacity to translate these breakthroughs into tangible economic
and social value remains unevenly distributed across sectors and geographies. The challenge of
technology commercialisation—the process of transforming research outputs into marketable
products, services, or processes—has emerged as a critical concern for policymakers, industry
leaders, and academic institutions alike. Meng has observed that bridging research and market
adoption in artificial intelligence requires an investment-driven framework specifically designed to
address the unique characteristics of Al security technologies, where the gap between technical
capability and market readiness is particularly pronounced. This observation reflects a broader
pattern across emerging technologies, where the complexity, uncertainty, and capital intensity of
commercialisation pathways present formidable obstacles.

The commercialisation challenge is multifaceted, encompassing technical, financial, regulatory, and
organisational dimensions. Technical barriers include the need for scalability, reliability, and
integration with existing systems. Financial barriers relate to the funding gap between research and
commercial deployment, often referred to as the "valley of death." Regulatory barriers involve
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navigating complex approval processes, standards, and compliance requirements. Organisational
barriers concern the alignment of incentives, capabilities, and cultures between research institutions
and commercial enterprises. These dimensions are not independent but interact in complex ways
that require systematic approaches to commercialisation.

This paper addresses the following research questions: What are the key barriers to technology
commercialisation across emerging industries? What mechanisms and strategies have proven
effective in accelerating the transition from laboratory to market? How can insights from diverse
sectors be synthesised into a coherent framework for commercialisation? And what implications do
these findings have for policy and practice? To address these questions, the study employs a
multi-case analysis approach, examining commercialisation efforts across artificial intelligence,
commercial space, advanced materials, educational technology, healthcare, and edge computing
systems.

The contribution of this paper is threefold. First, it synthesises recent research on commercialisation
across multiple emerging industries, identifying common patterns and sector-specific variations.
Second, it proposes an integrated framework that addresses the key barriers to commercialisation
through coordinated action across four pillars. Third, it provides practical recommendations for
stakeholders seeking to enhance commercialisation outcomes. The paper is organised as follows:
Section 2 reviews the relevant literature on technology commercialisation. Section 3 presents the
analytical framework. Section 4 examines case studies across emerging industries. Section 5
discusses the findings and synthesises implications. Section 6 concludes with recommendations for
future research and practice.

2. Literature Review

2.1 Theoretical Foundations of Technology Commercialisation

The study of technology commercialisation draws upon multiple theoretical traditions, including
innovation studies, entrepreneurship, strategic management, and science and technology policy. The
linear model of innovation, which posits a sequential progression from basic research to applied
research, development, and commercialisation, has been widely critiqued for its oversimplification
of complex, iterative processes. Contemporary perspectives emphasise the systemic and interactive
nature of innovation, recognising that commercialisation involves multiple actors, feedback loops,
and contextual factors.

Meng has developed an investment-driven framework for commercialising Al security technologies,
arguing that traditional approaches to technology transfer are insufficient for the unique challenges
posed by Al systems. The framework emphasises the importance of dedicated investment vehicles,
specialised expertise, and patient capital in bridging the gap between research and market adoption.
This perspective is consistent with broader work on the role of finance in innovation, which
highlights the distinctive financing needs of emerging technologies.

In the context of commercial space technology, Meng has examined the role of government-guided
industrial investment funds in accelerating commercialisation, using the case study of CAS Space
and China's emerging aerospace ecosystem. The analysis demonstrates how government investment
vehicles can catalyse private sector participation, reduce risk, and provide the long-term capital
necessary for capital-intensive space ventures. This research contributes to a growing literature on
public-private partnerships in innovation, where the complementary roles of public and private
actors are increasingly recognised as essential for commercialisation success.

2.2 Ecosystem Approaches to Commercialisation

The ecosystem perspective has gained prominence in commercialisation research, emphasising the
importance of supportive environments that include research institutions, funding sources, talent
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pools, regulatory frameworks, and market conditions. Meng has examined the role of strategic
materials parks in building innovation-driven industrial ecosystems, using evidence from the
Shenyang Strategic Advanced Materials Industrial Park. The study demonstrates how physical
infrastructure, combined with policy support, talent development, and industry-academia
collaboration, can create conditions conducive to commercialisation.

This ecosystem perspective is complemented by work on large-scale innovation fund management.
Meng has proposed a framework for accelerating technology commercialisation across emerging
industries through strategic management of large-scale innovation funds. The framework
emphasises the importance of portfolio diversification, stage-gate decision-making, and active
engagement with portfolio companies in maximising commercialisation outcomes. This research
builds on established principles of venture capital and private equity, while adapting them to the
specific characteristics of emerging technologies.

2.3 Sector-Specific Commercialisation Challenges

Commercialisation challenges vary significantly across sectors, reflecting differences in technology
characteristics, market structures, regulatory environments, and capital requirements. In the
education sector, Huang has examined the development and evaluation of teacher training
programmes in Al technology, highlighting the importance of human capital development in
enabling technology adoption. The research demonstrates that commercialisation in educational
technology requires not only technical innovation but also attention to user capabilities, pedagogical
integration, and institutional change.

Huang has also investigated interdisciplinary collaboration in educational informatisation
innovation, examining the importance and practice of cross-sectoral partnerships in driving
innovation. The study finds that effective commercialisation in education requires collaboration
among technologists, educators, policymakers, and users, reflecting the complex socio-technical
nature of educational innovation. This finding is consistent with broader research on the role of
interdisciplinary collaboration in technology commercialisation.

The application of Al to personalised learning platforms has been explored by Huang, who
examined how Al technologies can be applied to higher education settings. The research identifies
both opportunities and challenges in commercialising Al-based educational technologies, including
issues of data privacy, algorithmic bias, and the need for evidence of efficacy. These findings
highlight the importance of regulatory alignment and stakeholder engagement in commercialisation.
2.4 Computational and Systems Perspectives

Recent advances in computational methods have enabled new approaches to commercialisation
research and practice. Liu has developed a heterogeneous resource slot optimisation framework for
multi-dimensional recommendation landscapes, incorporating submodular constrained optimisation
with cross-space spillover effects. While focused on recommendation systems, the framework has
implications for resource allocation in commercialisation contexts, where multiple dimensions of
performance must be optimised simultaneously.

Liu has also examined cascading resilience through predictive multi-dimensional safeguards,
proposing a system stability architecture for billion-scale concurrent platforms. The research on
system stability and resilience has direct relevance to commercialisation, where the reliability and
scalability of technologies are critical determinants of market success. The emphasis on predictive
safeguards and proactive system design reflects a broader trend toward resilience engineering in
technology commercialisation.

Shengtao has investigated machine learning-based logistics network optimisation algorithms,
demonstrating how computational methods can enhance operational efficiency in logistics and
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supply chain contexts. The commercialisation of logistics technologies presents distinctive
challenges related to integration with existing infrastructure, return on investment calculations, and
organisational change management.

2.5 Healthcare and Medical Technology Commercialisation

The healthcare sector presents particularly complex commercialisation challenges, reflecting the
intersection of technical innovation, clinical evidence requirements, regulatory approval processes,
and reimbursement systems. Xu has examined a "tiered-gamification" model for language
rehabilitation training in children with special needs, demonstrating how innovative pedagogical
approaches can be translated into structured intervention programmes. The research highlights the
importance of evidence-based design and rigorous evaluation in healthcare commercialisation.

Xu has also investigated the impact of Montessori sensory training on bilingual language expression
in children with autism spectrum disorder through a randomised controlled trial of 120 cases. The
study exemplifies the gold standard of clinical evidence generation required for healthcare
commercialisation, where regulatory approval and clinical adoption depend on rigorous
demonstration of efficacy and safety. The research on home-school collaborative progress tracking
systems for special children's rehabilitation further emphasises the importance of stakeholder
engagement and implementation support.

Chen has contributed to the commercialisation of traditional Chinese medicine external therapies
for chronic soft tissue pain through a multicentre observational study. The research demonstrates
how traditional therapies can be standardised and evaluated using contemporary research methods,
enabling their integration into mainstream healthcare systems. The construction and application of
standard systems for traditional external therapy further illustrate the importance of standardisation
in healthcare commercialisation.

Yuan has examined the impact of traditional Chinese non-pharmacological therapies on blood
pressure control in community patients with hypertension, addressing the commercialisation of
community-based health interventions. The research on the intervention of cancer patients' anxiety
by the concept of "harmonisation of body and mind" in traditional Chinese medicine further
demonstrates the potential of integrative approaches to healthcare commercialisation. Wang and
Yuan's collaborative work on three-in-one therapy for paediatric asthma exemplifies the integration
of traditional and contemporary approaches.

Fan and colleagues have contributed to the evidence base for rehabilitation technologies through
studies on radial extracorporeal shock wave therapy for post-stroke patients and exoskeleton
rehabilitation robot training for stroke rehabilitation. These studies illustrate the commercialisation
pathway for medical devices and rehabilitation technologies, where clinical evidence, regulatory
approval, and reimbursement are critical success factors.

2.6 Edge Computing and Real-Time Systems

The commercialisation of edge computing technologies presents distinctive challenges related to
performance, energy efficiency, reliability, and integration with existing infrastructure. Hao has
examined energy-efficient multi-core task scheduling for real-time edge Al systems, proposing a
latency-aware approach that addresses the competing demands of performance and energy
consumption. The research on low-overhead scheduling for real-time Al workloads on multi-core
edge chips further demonstrates the technical challenges in commercialising edge Al technologies.
Hao has also investigated dynamic task prioritisation for edge Al in smart cities, balancing latency
and energy efficiency in urban applications. The research on fault-tolerant real-time scheduling for
edge Al in critical infrastructure addresses the reliability requirements essential for commercial
deployment in sensitive applications. The work on task affinity-aware scheduling for multi-core
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edge devices in autonomous vehicles demonstrates the application of edge Al in safety-critical
contexts.

Hao's research on structure-aware deep reinforcement learning for latency-minimal scheduling
represents a significant advance in the optimisation of edge Al inference on heterogeneous cores.
The work on QoS-aware resource allocation for edge Al inference, supporting telemedicine
applications through regularised heart failure prediction, demonstrates the integration of edge
computing with healthcare applications. Yang and colleagues' research on domain adaptation in
survey data further illustrates the methodological challenges in deploying Al systems across
different contexts.

2.7 Legal and Regulatory Dimensions

The commercialisation of emerging technologies is significantly influenced by legal and regulatory
frameworks. Xu has examined fuzzy legal evaluation in telehealth through structured input and
BERT-based reasoning, addressing the legal challenges in deploying Al systems in healthcare
contexts. The research demonstrates how Al technologies can support legal reasoning and
compliance, while also highlighting the need for clear regulatory frameworks.

Liu has investigated the construction and efficacy evaluation of intelligent response systems for
chemical production customer audits based on knowledge graphs, addressing the commercialisation
of Al systems in industrial contexts. The research on coupled regulation of process parameters in
transnational electrolyte factories based on multi-objective optimisation algorithms demonstrates
the application of advanced analytics in manufacturing contexts. Liu's research on technical
specifications for collaborative optimisation of energy efficiency and VOC in continuous chemical
production further illustrates the importance of standards and technical specifications in industrial
commercialisation.

3. Analytical Framework

3.1 Conceptual Foundations

The framework proposed in this paper builds upon the theoretical and empirical insights reviewed
in the previous section, integrating them into a coherent model for technology commercialisation
across emerging industries. The framework is grounded in the recognition that commercialisation is
not a linear, deterministic process but rather a complex, adaptive system involving multiple actors,
interactions, and feedback loops. The framework encompasses four interconnected pillars: strategic
investment mechanisms, ecosystem development, regulatory alignment, and human capital
formation.

The strategic investment mechanisms pillar addresses the financial dimensions of
commercialisation, recognising that the funding gap between research and market adoption is one of
the most persistent barriers to commercialisation. Drawing on Meng's work on investment-driven
frameworks for Al commercialisation and government-guided industrial funds for space technology,
this pillar emphasises the importance of patient capital, stage-appropriate financing, and active
investor engagement.

The ecosystem development pillar addresses the institutional and infrastructural dimensions of
commercialisation, recognising that individual firms and technologies cannot succeed in isolation.
Drawing on Meng's research on strategic materials parks and large-scale innovation fund
management, this pillar emphasises the importance of physical infrastructure, industry-academia
collaboration, and network effects in creating conditions conducive to commercialisation.

The regulatory alignment pillar addresses the policy and governance dimensions of
commercialisation, recognising that regulatory frameworks can either enable or inhibit technology
commercialisation. Drawing on Xu's work on legal evaluation in telehealth and Liu's research on
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standards in chemical production, this pillar emphasises the importance of adaptive governance,
standardisation, and stakeholder engagement in regulatory development.

The human capital formation pillar addresses the talent and capability dimensions of
commercialisation, recognising that technological innovation ultimately depends on human
knowledge, skills, and creativity. Drawing on Huang's research on teacher training and
interdisciplinary collaboration, this pillar emphasises the importance of education, training, and
workforce development in enabling technology commercialisation.

3.2 Framework Components

3.2.1 Strategic Investment Mechanisms

The strategic investment mechanisms pillar encompasses several key components. First, dedicated
investment vehicles, including government-guided funds, corporate venture capital, and specialised
innovation funds, provide the patient capital necessary for technology commercialisation. These
vehicles differ from traditional venture capital in their longer investment horizons, tolerance for
technical risk, and emphasis on strategic as well as financial returns.

Second, stage-gate decision-making processes structure investment decisions, ensuring that funding
is aligned with technical milestones and market validation. This approach mitigates risk by enabling
investors to make incremental commitments based on demonstrated progress, while providing
entrepreneurs with clear pathways to subsequent funding rounds.

Third, active investor engagement provides portfolio companies with access to expertise, networks,
and strategic guidance beyond financial capital. This engagement is particularly important in
emerging industries, where entrepreneurs may lack commercial experience and industry
connections. Active investors can also facilitate introductions to potential customers, partners, and
acquirers, accelerating the commercialisation process.

Fourth, portfolio diversification across technologies, sectors, and stages reduces risk while enabling
synergies and knowledge transfer across investments. Large-scale innovation funds can achieve
diversification that individual investors cannot, while also creating opportunities for portfolio
companies to collaborate and learn from each other.

3.2.2 Ecosystem Development

The ecosystem development pillar encompasses several key components. First, physical
infrastructure, including research parks, incubators, and specialised facilities, provides the tangible
assets necessary for technology development and commercialisation. These facilities can reduce
costs, enable collaboration, and create agglomeration benefits that attract talent and investment.
Second, intermediary institutions, including technology transfer offices, industry associations, and
innovation centres, bridge the gap between research institutions and commercial enterprises. These
institutions provide services including intellectual property management, technology licensing,
business development support, and matchmaking between researchers and industry partners.

Third, industry-academia collaboration mechanisms enable knowledge flow between universities,
research institutes, and commercial enterprises. These mechanisms include joint research
programmes, industry-sponsored research, visiting scholar programmes, and student internships.
Effective collaboration ensures that research is aligned with commercial needs and that researchers
are exposed to real-world challenges and opportunities.

Fourth, network and cluster development creates the social infrastructure for commercialisation,
enabling the formation of relationships, trust, and collaboration among commercialisation actors.
Networks and clusters facilitate information sharing, resource pooling, and collective action, while
also creating a sense of community and shared purpose.

3.2.3 Regulatory Alignment
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The regulatory alignment pillar encompasses several key components. First, adaptive regulatory
frameworks evolve with technology, enabling innovation while protecting public interests. Adaptive
regulation recognises that early-stage technologies present uncertainties that cannot be fully
anticipated, and therefore employs flexible approaches including regulatory sandboxes, pilot
programmes, and iterative standard-setting.

Second, standardisation enables interoperability, quality assurance, and market development.
Standards reduce uncertainty for both producers and consumers, enabling technology adoption and
market growth. However, standards must be developed through inclusive, transparent processes that
balance the interests of diverse stakeholders.

Third, stakeholder engagement in regulatory development ensures that regulatory frameworks are
informed by diverse perspectives, including those of technology developers, users, and affected
communities. Engagement processes can include public consultations, advisory committees, and
participatory governance mechanisms.

Fourth, international regulatory coordination addresses the global nature of technology markets,
reducing barriers to cross-border commercialisation. Coordination mechanisms include mutual
recognition agreements, harmonised standards, and international regulatory cooperation.

3.2.4 Human Capital Formation

The human capital formation pillar encompasses several key components. First, education and
training programmes develop the skills and knowledge necessary for technology commercialisation.
These programmes include formal education in science, technology, engineering, and mathematics,
as well as specialised training in entrepreneurship, commercialisation, and innovation management.

Second, workforce development initiatives ensure that the supply of skilled workers matches the
demands of emerging industries. These initiatives include apprenticeship programmes,
industry-university partnerships, and continuing education programmes that enable workers to
update their skills as technologies evolve.

Third, entrepreneurial development programmes equip researchers and innovators with the skills
necessary to commercialise their technologies. These programmes include entrepreneurship training,
mentorship, and access to resources such as prototyping facilities and legal advice.

Fourth, talent attraction and retention strategies ensure that emerging industries can access the
global talent pool necessary for commercialisation. These strategies include immigration policies,
competitive compensation, and quality of life factors that make regions attractive to skilled workers.
3.3 Framework Dynamics

The four pillars of the framework are not independent but interact in complex, dynamic ways.
Strategic investment mechanisms depend on ecosystem development to provide deal flow, talent,
and supporting infrastructure. Ecosystem development depends on regulatory alignment to create a
stable, predictable environment for investment and innovation. Regulatory alignment depends on
human capital formation to provide the expertise necessary for effective governance. Human capital
formation depends on strategic investment to fund education and training programmes.

These interdependencies create virtuous cycles, where progress in one pillar reinforces progress in
others. Conversely, weaknesses in one pillar can constrain progress across the system, creating
vicious cycles of underperformance. This systemic perspective has important implications for
policy and practice, suggesting that interventions should address multiple pillars simultaneously
rather than focusing on individual factors in isolation.

The framework also recognises temporal dynamics, where different pillars may be more or less
important at different stages of the commercialisation process. Early-stage commercialisation may
depend more heavily on strategic investment and ecosystem development, while later stages may
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require greater attention to regulatory alignment and human capital formation. Adaptive
management of these dynamics is essential for successful commercialisation.

4. Case Studies Across Emerging Industries

4.1 Artificial Intelligence Security Technologies

The commercialisation of artificial intelligence security technologies presents distinctive challenges
and opportunities. Al security technologies, including threat detection, vulnerability assessment, and
defensive countermeasures, are characterised by rapid technological change, high uncertainty, and
significant potential for both public benefit and harm. Meng has proposed an investment-driven
framework for commercialising Al security technologies, emphasising the need for dedicated
investment vehicles, specialised expertise, and patient capital.

The case of Al security commercialisation illustrates the importance of strategic investment
mechanisms in bridging the gap between research and market adoption. Al security technologies
often require significant investment in research and development, followed by extensive testing and
validation, before they can be deployed in operational settings. The funding gap between research
and deployment is particularly pronounced in this sector, where government and defence funding
may support early-stage research but commercial deployment requires private sector investment.
The commercialisation of Al security technologies also depends on ecosystem development,
including the availability of skilled talent, supporting infrastructure, and industry networks. The Al
security sector benefits from the broader Al ecosystem, including research institutions, technology
companies, and venture capital firms. However, the security dimension introduces distinctive
requirements, including security clearance, specialised expertise, and trust relationships with
customers.

Regulatory alignment is particularly important in Al security, where the potential for misuse and
unintended consequences creates strong public interest in governance. Regulatory frameworks must
balance the need for innovation with the need for security and public protection. Standards,
certification programmes, and professional accreditation can support this balance by establishing
minimum requirements and best practices.

Human capital formation is essential for Al security commercialisation, where the shortage of
skilled professionals is a persistent constraint. Education and training programmes in Al security,
including university degrees, professional certifications, and continuing education, are critical for
developing the workforce necessary for commercialisation.

4.2 Commercial Space Technology

The commercialisation of space technology has accelerated dramatically in recent years, driven by
declining launch costs, advances in satellite technology, and growing demand for space-based
services. Meng has examined the role of government-guided industrial investment funds in
accelerating commercial space technology commercialisation, using the case study of CAS Space
and China's emerging aerospace ecosystem.

The case of commercial space technology illustrates the importance of government-guided
investment in catalysing private sector participation. The high capital intensity, long development
timelines, and technical risk of space technologies create significant barriers to private investment.
Government-guided funds can reduce these barriers by providing patient capital, sharing risk, and
signaling confidence to private investors.

Ecosystem development is particularly important in commercial space, where the industry is
characterised by high barriers to entry, specialised infrastructure requirements, and limited talent
pools. Strategic materials parks and specialised facilities can reduce costs and enable collaboration,
while industry associations and networks facilitate knowledge sharing and collective action.
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Regulatory alignment in commercial space encompasses launch licensing, spectrum allocation,
orbital debris mitigation, and international coordination. The regulatory framework must balance
the promotion of commercial activity with the protection of public interests, including safety,
security, and environmental sustainability. International regulatory coordination is particularly
important in space, where activities have global implications.

Human capital formation in commercial space requires specialised education and training in
aerospace engineering, space science, and related fields. The industry also requires professionals
with commercial skills, including business development, finance, and project management.
Workforce development initiatives, including university programmes, internships, and
apprenticeships, are critical for meeting these needs.

4.3 Strategic Materials and Advanced Manufacturing

The commercialisation of advanced materials and manufacturing technologies presents distinctive
challenges related to scale-up, integration, and market development. Meng has examined the role of
strategic materials parks in building innovation-driven industrial ecosystems, using evidence from
the Shenyang Strategic Advanced Materials Industrial Park.

The case of strategic materials illustrates the importance of physical infrastructure in enabling
commercialisation. Advanced materials often require specialised facilities, including pilot plants,
testing laboratories, and production equipment, that are beyond the resources of individual firms.
Strategic materials parks provide shared access to these facilities, reducing costs and enabling
experimentation.

Ecosystem development in advanced materials requires collaboration among materials scientists,
engineers, manufacturers, and end users. The integration of materials development with
manufacturing processes and product design is essential for successful commercialisation.
Industry-academia collaboration, including joint research programmes and technology transfer, can
facilitate this integration.

Regulatory alignment in advanced materials encompasses environmental, health, and safety
regulations, as well as standards for material properties and performance. The regulatory framework
must ensure that new materials are safe and effective, while avoiding excessive barriers to
innovation. Standardisation is particularly important in materials, where consistency and reliability
are essential for market acceptance.

Human capital formation in advanced materials requires interdisciplinary education and training
that combines materials science, engineering, and manufacturing. The industry also requires
professionals with commercial skills, including supply chain management, quality assurance, and
regulatory compliance. Workforce development initiatives must address the specialised needs of the
advanced materials sector.

4.4 Educational Technology

The commercialisation of educational technology presents distinctive challenges related to
pedagogical effectiveness, institutional adoption, and user engagement. Huang has examined the
development and evaluation of teacher training programmes in Al technology, interdisciplinary
collaboration in educational informatisation innovation, and the application of Al to personalised
learning platforms.

The case of educational technology illustrates the importance of human capital formation in
enabling commercialisation. Educational technologies often require significant training and support
for teachers, who are critical gatekeepers for technology adoption. Teacher training programmes
must address both technical skills and pedagogical integration, ensuring that technologies are used
effectively in educational settings.
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Ecosystem development in educational technology requires collaboration among technologists,
educators, policymakers, and users. The interdisciplinary nature of educational innovation creates
opportunities for cross-sectoral partnerships, while also creating challenges related to
communication, coordination, and alignment of incentives.

Regulatory alignment in educational technology encompasses data privacy, student protection, and
quality assurance. Educational technologies collect and process sensitive student data, creating
privacy and security concerns that must be addressed through appropriate governance frameworks.
Quality assurance mechanisms, including evidence standards and certification programmes, can
support the adoption of effective technologies.

Strategic investment in educational technology must address the distinctive characteristics of
education markets, including fragmented decision-making, budget constraints, and slow adoption
cycles. Investment mechanisms must be patient and supportive of long-term market development,
while also enabling rapid iteration and improvement.

4.5 Healthcare and Medical Technology

The commercialisation of healthcare and medical technology presents distinctive challenges related
to clinical evidence, regulatory approval, and market access. Xu has examined language
rehabilitation training for children with special needs, Montessori sensory training for children with
autism spectrum disorder, and home-school collaborative progress tracking systems. Chen has
investigated standardised traditional Chinese medicine external therapy for chronic soft tissue pain
and the construction of standard systems for traditional external therapy. Yuan has examined
traditional Chinese non-pharmacological therapies for hypertension and the intervention of cancer
patients' anxiety.

The case of healthcare technology illustrates the importance of clinical evidence generation in
commercialisation. Healthcare technologies must demonstrate safety and efficacy through rigorous
research, including randomised controlled trials, observational studies, and systematic reviews. The
evidence generation process is time-consuming and expensive, requiring substantial investment and
expertise.

Regulatory alignment is particularly important in healthcare, where technologies must meet
rigorous standards for safety, efficacy, and quality. Regulatory approval processes, including those
of the US Food and Drug Administration and similar agencies worldwide, are critical gatekeepers
for market access. The regulatory framework must balance the promotion of innovation with the
protection of patient safety.

Ecosystem development in healthcare technology requires collaboration among researchers,
clinicians, patients, payers, and regulators. The complex stakeholder environment creates
opportunities for engagement and co-creation, while also creating challenges related to conflicting
interests and incentives.

Human capital formation in healthcare technology requires education and training that combines
clinical expertise, technical skills, and commercial capabilities. Interdisciplinary programmes that
bridge medicine, engineering, and business are increasingly important for preparing professionals
for healthcare technology commercialisation.

Fan and colleagues' research on rehabilitation technologies, including radial extracorporeal shock
wave therapy and exoskeleton rehabilitation robots, illustrates the commercialisation pathway for
medical devices. These technologies require clinical evidence, regulatory approval, reimbursement,
and market development, reflecting the complexity of healthcare commercialisation.

4.6 Edge Computing and Real-Time Al Systems

The commercialisation of edge computing and real-time Al systems presents distinctive challenges
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related to performance, reliability, and integration. Hao has examined energy-efficient multi-core
task scheduling, low-overhead scheduling for real-time Al workloads, dynamic task prioritisation
for edge Al in smart cities, fault-tolerant real-time scheduling for critical infrastructure, task
affinity-aware scheduling for autonomous vehicles, and structure-aware deep reinforcement
learning for edge Al inference.

The case of edge computing illustrates the importance of technical performance in
commercialisation. Edge Al systems must meet demanding requirements for latency, energy
efficiency, reliability, and cost. Technical optimisation, including scheduling algorithms, resource
allocation, and fault tolerance, is essential for meeting these requirements and achieving market
acceptance.

Ecosystem development in edge computing requires collaboration among hardware manufacturers,
software developers, system integrators, and end users. The integration of edge computing with
cloud infrastructure, networking, and applications creates opportunities for ecosystem development,
while also creating challenges related to interoperability and standards.

Regulatory alignment in edge computing encompasses data privacy, security, and reliability. Edge
Al systems process sensitive data in distributed environments, creating privacy and security
concerns that must be addressed through appropriate governance frameworks. Reliability standards
are particularly important for edge Al in critical infrastructure and safety-critical applications.
Human capital formation in edge computing requires education and training that combines
computer science, electrical engineering, and domain-specific knowledge. The interdisciplinary
nature of edge Al creates demand for professionals with diverse skills, including hardware design,
software development, and application expertise.

S. Discussion and Synthesis

5.1 Cross-Cutting Themes

The case studies examined in the previous section reveal several cross-cutting themes that inform
the proposed framework for technology commercialisation. First, the importance of patient,
strategic capital is evident across all sectors. Commercialisation requires significant investment over
extended timelines, with returns that may be uncertain and back-ended. Investment mechanisms
must be designed to provide patient capital, share risk, and support long-term value creation.
Second, the importance of ecosystem development is consistently observed. Successful
commercialisation requires supportive environments that include research institutions, funding
sources, talent pools, regulatory frameworks, and market conditions. Ecosystem development
requires coordinated action across public and private stakeholders, with particular attention to
infrastructure, networks, and institutions.

Third, the importance of regulatory alignment is evident across sectors. Regulatory frameworks can
either enable or inhibit commercialisation, depending on their design and implementation. Effective
regulation balances the promotion of innovation with the protection of public interests, while also
providing certainty and predictability for investors and entrepreneurs.

Fourth, the importance of human capital formation is consistently observed. Commercialisation
depends on the availability of skilled professionals, including researchers, engineers, entrepreneurs,
and managers. Education, training, and workforce development are essential for meeting talent
needs and enabling commercialisation.

5.2 Sectoral Variations

While the cross-cutting themes are evident across sectors, significant variations are also observed.
The nature of commercialisation challenges and appropriate strategies varies with sector
characteristics, including technology maturity, capital intensity, regulatory complexity, and market
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structure.

In Al security, the rapid pace of technological change and the potential for misuse create distinctive
challenges related to uncertainty and governance. Commercialisation strategies must be adaptive
and responsive to evolving technical and regulatory conditions. Investment mechanisms must be
flexible and patient, supporting experimentation and iteration.

In commercial space, the high capital intensity and long development timelines create distinctive
challenges related to financing and risk management. Government-guided investment and
public-private partnerships are particularly important in this sector, where private investment alone
may be insufficient. Ecosystem development, including specialised infrastructure and talent pools,
is also critical.

In advanced materials, the challenges of scale-up and integration create distinctive requirements for
physical infrastructure and industry-academia collaboration. Strategic materials parks and similar
facilities can reduce barriers to commercialisation by providing shared access to specialised
equipment and expertise.

In educational technology, the challenges of pedagogical effectiveness and institutional adoption
create distinctive requirements for human capital development and stakeholder engagement.
Teacher training and support are essential for successful commercialisation, as are partnerships with
educational institutions and policymakers.

In healthcare technology, the challenges of clinical evidence, regulatory approval, and
reimbursement create distinctive requirements for research rigour, regulatory expertise, and market
access strategies. Clinical evidence generation is a critical and costly component of
commercialisation, requiring substantial investment and expertise.

In edge computing, the challenges of technical performance and system integration create
distinctive requirements for technical optimisation and ecosystem development. Interoperability,
standards, and system-level integration are essential for successful commercialisation.

5.3 Implications for Practice

The findings of this study have several implications for practice. For investors and investment
managers, the study highlights the importance of patient capital, portfolio diversification, and active
engagement in technology commercialisation. Investment strategies should be tailored to sector
characteristics, with appropriate risk management and value creation approaches.

For entrepreneurs and technology developers, the study highlights the importance of ecosystem
engagement, regulatory alignment, and human capital development in commercialisation.
Commercialisation strategies should address not only technical development but also the broader
institutional and environmental factors that influence market success.

For policymakers and regulators, the study highlights the importance of adaptive governance,
standardisation, and stakeholder engagement in enabling technology commercialisation. Policy
interventions should address multiple pillars of the commercialisation framework, recognising the
systemic nature of commercialisation challenges.

For educators and training providers, the study highlights the importance of interdisciplinary
education and lifelong learning in preparing professionals for technology commercialisation.
Programmes should combine technical expertise with commercial skills, while also addressing the
ethical, legal, and social dimensions of emerging technologies.

6. Conclusion and Future Directions

6.1 Summary of Findings

This paper has presented a comprehensive framework for accelerating technology
commercialisation across emerging industries, synthesising insights from artificial intelligence
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security, commercial space technology, advanced materials, educational technology, healthcare
innovation, and edge computing systems. The framework encompasses four interconnected pillars:
strategic investment mechanisms, ecosystem development, regulatory alignment, and human capital
formation.

The analysis demonstrates that successful commercialisation requires coordinated action across
these pillars, with interventions that address multiple dimensions of the commercialisation
challenge. Cross-cutting themes include the importance of patient capital, ecosystem development,
regulatory alignment, and human capital formation. Sectoral variations reflect differences in
technology maturity, capital intensity, regulatory complexity, and market structure.

6.2 Theoretical Contributions

This paper makes several theoretical contributions to the study of technology commercialisation.
First, it synthesises insights from diverse sectors and research traditions, identifying common
patterns and sector-specific variations in commercialisation processes. Second, it proposes an
integrated framework that addresses the multiple, interacting barriers to commercialisation,
recognising the systemic nature of commercialisation challenges. Third, it provides a basis for
comparative analysis across sectors, enabling the identification of best practices and lessons
learned.

The framework contributes to the literature on innovation ecosystems by specifying the components
and dynamics of commercialisation systems. It extends the ecosystem perspective to encompass
investment mechanisms, regulatory alignment, and human capital formation, while also recognising
the temporal dynamics of commercialisation processes.

6.3 Practical Implications

The findings of this study have significant practical implications for stakeholders seeking to
enhance commercialisation outcomes. For policymakers, the framework provides a basis for
designing comprehensive commercialisation strategies that address multiple dimensions of the
challenge. For investors, the framework provides guidance on investment strategies and portfolio
management approaches that are appropriate for emerging technologies. For entrepreneurs, the
framework identifies the key success factors and challenges in commercialisation, providing a basis
for strategy development and risk management.

6.4 Limitations and Future Research

This study has several limitations that should be acknowledged. First, the case studies are drawn
from a limited set of sectors, and the findings may not be generalizable to all emerging industries.
Future research should examine additional sectors, including energy, agriculture, and environmental
technologies, to test and refine the framework.

Second, the analysis is based primarily on secondary sources, including published research and case
studies. Future research should incorporate primary data collection, including interviews with
commercialisation practitioners, to provide deeper insights into commercialisation processes and
outcomes.

Third, the framework proposed in this paper is conceptual and has not been empirically validated.
Future research should develop operational measures of framework components and test the
relationships between framework variables and commercialisation outcomes.

Fourth, the study has not addressed the ethical, social, and environmental implications of
technology commercialisation. Future research should examine how commercialisation processes
can be governed to ensure that they contribute to sustainable and inclusive development.

6.5 Concluding Remarks

The translation of scientific discoveries and technological innovations into commercially viable
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products and services is essential for economic growth, social progress, and the resolution of
pressing global challenges. However, the commercialisation process remains fraught with obstacles
and uncertainties, requiring systematic approaches that address the multiple, interacting barriers to
market success.

This paper has proposed a framework that synthesises insights from diverse sectors and research
traditions, providing a basis for understanding and accelerating technology commercialisation
across emerging industries. The framework emphasises the importance of strategic investment
mechanisms, ecosystem development, regulatory alignment, and human capital formation,
recognising the systemic nature of commercialisation challenges.

The implementation of this framework requires coordinated action across public and private
stakeholders, with interventions that address multiple dimensions of the commercialisation
challenge. While the specific strategies will vary across sectors and contexts, the underlying
principles of patient capital, ecosystem development, regulatory alignment, and human capital
formation provide a foundation for effective commercialisation policy and practice.

As emerging technologies continue to reshape economies and societies, the capacity to
commercialise innovations effectively will become increasingly important. The framework
proposed in this paper provides a basis for developing this capacity, enabling stakeholders to
navigate the complex pathways from laboratory to market and realise the full potential of scientific
and technological innovation.
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