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Abstract

China's Industry-Education Integration (IEl) system represents a distinctive approach to
university-industry collaboration that transcends conventional cooperative education
models. This study conducts a comprehensive analysis of 24 research papers published
between 2019-2025 in leading Chinese academic journals, particularly Integration of
Industry and Education and Integration of Industry and Education Journal, to examine the
innovation trajectory of China's = # Bl & (industry-education integration) system.
Through systematic content analysis and cross-case comparison, this research identifies
five key innovations that distinguish China's approach: (1) the evolution from
"cooperation" (& {E) to "fusion" (BE&) to "co-creation" (Igl), (2) the emergence of
"Mode 3" knowledge production theory that prioritizes sovereign knowledge creation, (3)
cross-sector boundary dissolution enabling seamless integration across disciplines, (4)
competency-oriented assessment systems replacing traditional knowledge-based
evaluation, and (5) hybrid digital-physical learning environments. The findings reveal
three distinct developmental phases: Foundation Building (2019-2021), Model Innovation
(2022-2024), and Theoretical Maturity (2025-). Case studies from sectors including
finance, engineering, arts, medicine, and rural development demonstrate quantifiable
outcomes such as employment rates exceeding 90% and direct economic benefits
reaching ¥12.54 million in pilot projects. The research contributes to international
discourse by proposing the "Sovereign Knowledge Nexus" (SKN) theoretical framework
(Li, C. 2025), which explains how government-guided, practice-driven knowledge creation
systems operate in non-Western contexts. These innovations have significant implications
for understanding alternative pathways to educational modernization and industrial
transformation in developing economies, offer alternative perspectives and provide
replicable frameworks for countries pursuing indigenous innovation strategies.
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1. Introduction

This study has been prepared in the framework of the research project “University—
Industry Integration Policies and Practices in China — Potential Applications in Hungary”.!
In the contemporary global landscape of higher education and industrial innovation,
China's Industry-Education Integration (IEl) system—known in Chinese as =¥ gl &
(chdnjia rongé)—represents a paradigmatic departure from conventional university-
industry collaboration models (Li, 2025). Unlike the market-driven cooperative education
systems prevalent in Western contexts or the social partnership frameworks
characteristic of German dual education, China's approach embodies a government-
guided, strategically aligned system designed to serve broader modernization and
developmental goals (Yao & Zhuoma, 2025).

This transformation is not merely an educational reform initiative but constitutes a
fundamental reimagining of how knowledge is produced, transmitted, and applied within
a national innovation ecosystem. As Li (2025) argues, China's approach represents the
emergence of a "Mode 3" knowledge production system that transcends the disciplinary
boundaries of Mode 1 and the problem-solving networks of Mode 2, establishing instead
a sovereign knowledge nexus oriented toward national strategic objectives. This system
operates through what Chinese policymakers term the "organic linkage of the education
chain and talent chain with the industrial chain and innovation chain" (B B%. AA &

5Si=lveE, SR AR) (L, 2025).

The significance of understanding this system extends beyond China's borders. As the
world's second-largest economy embarks on a comprehensive educational modernisation
strategy, the innovations emerging from China's IEl experiments offer critical insights into
alternative pathways for developing economies seeking to balance indigenous innovation
with globalisation pressures. The system's emphasis on cross-sector boundary dissolution,
competency-oriented training, and measurable socio-economic outcomes presents a
model that challenges fundamental assumptions about the universality of Western-
centric collaborative education frameworks.

This study addresses a critical gap in international literature by providing the first
systematic analysis of China's IEl innovation trajectory from 2019 to 2025. Through
comprehensive examination of 24 research papers published in leading Chinese academic
journals—particularly Integration of Industry and Education and Integration of Industry
and Education Journal—this research maps the evolutionary phases, identifies key

' This study has been prepared in the framework of the research project “University—
Industry Integration Policies and Practices in China — Potential Applications in Hungary”
implemented by Wekerle International University in cooperation with the Mathias
Corvinus Collegium (see the website of the project here: https://wsne.hu/en/about-
us/uii-research).



innovations, and proposes a new theoretical framework for understanding policy-driven
knowledge production systems. The analysis reveals not only what makes China's
approach distinctive but also how these innovations generate measurable outcomes that
demonstrate the viability of alternative models for educational-industrial integration.

2. Literature Review and Theoretical Framework

2.1 The Evolution of Industry-Education Collaboration Models

Traditional frameworks for understanding university-industry collaboration have been
dominated by Western theoretical constructs that reflect specific historical and
institutional contexts. The Triple Helix model, developed by Etzkowitz and Leydesdorff
(1995), conceptualises innovation as emerging from the dynamic interactions between
university, industry, and government spheres. This model has proven influential in
understanding innovation ecosystems across diverse national contexts, from Silicon
Valley's technology clusters to European research networks.

The Triple Helix framework acknowledges variations in governmental involvement,
ranging from "laissez-faire" configurations where the state provides minimal direct
intervention, to government-led arrangements where government assumes a more
directive role (Etzkowitz & Leydesdorff, 1995). However, even in its recognition of "statist"
variants, the model fundamentally assumes a system of relatively autonomous actors
engaged in reciprocal relationships. The university sphere maintains academic freedom
and research autonomy, the industry sphere operates according to market logics, and the
government sphere provides enabling frameworks without directly determining research
priorities or commercial strategies.

Similarly, Gibbons et al.'s (1994) influential theory of Mode 2 knowledge production
captures the shift toward transdisciplinary, problem-focused research conducted in
contexts of application. Mode 2 systems are characterised by "heterarchical, transient
networks" where diverse actors collaborate temporarily to address specific challenges
before dissolving and reforming around new problems. Quality control in Mode 2 systems
involves "socially distributed" mechanisms that extend beyond traditional peer review to
include broader stakeholder communities (Gibbons et al., 1994).

These frameworks have provided valuable insights into innovation processes across many
national contexts. However, their applicability to state-directed systems where strategic
national priorities guide market mechanisms or academic autonomy remains
questionable. The fundamental assumptions of these models—institutional autonomy,
market-driven problem identification, and emergent network formation—may not
adequately explain systems designed according to different organising principles.

2.2 The Chinese Context: From Cooperation to Integration to Co-creation

In China, the conceptual evolution from "school-enterprise cooperation" (¥ 1> & 1E)
through "industry-education integration" (F=#{Bli&) to "collaborative talent cultivation"
(B B A) signals fundamental shifts in both scope and operational philosophy. Our
analysis of the 24 papers reveals this evolution as more than semantic development; it



represents increasingly sophisticated models of institutional relationship that challenge
traditional boundaries between educational and economic activity.

The "cooperation" phase, predominant through the early 2010s, typically involved
discrete projects with clear boundaries between institutional roles and limited structural
integration. Universities might partner with enterprises to provide internship
opportunities or equipment donations, but the fundamental character of both institutions
remained unchanged. As documented by Dong (2022), this phase achieved important
outcomes in engineering education but was characterised by "extensive exploration" with
limited theoretical coherence.

The "integration" phase, initiated with the 2017 State Council Opinion on Deepening
Industry-Education Integration, marked a qualitative shift toward structural alignment
and shared governance mechanisms. This phase implied deeper institutional coordination
while maintaining organisational distinctiveness. The development of "Industrial
Academies" (=Ml ZB5) during this period created hybrid institutional forms that began
to blur traditional boundaries between academic and commercial spaces (Su et al., 2024).
The current "co-creation" phase represents the dissolution of traditional boundaries,
creating entirely new categories of institutional relationship where "academic" and
"industrial" knowledge become integrated rather than merely coordinated. The cases
documented in our analysis—from rural aesthetics governance (Wang & Hu, 2024) to
international medical education partnerships (Mo et al., 2025)—demonstrate institutions
whose primary identity is neither "academic" nor "commercial" but represents genuinely
hybrid forms oriented toward complex societal outcomes.

2.3 The "Four Chains Doctrine" and Systemic Integration

Chinese policy documents articulate the strategic objective of IElI through the "Four
Chains Doctrine" (PU%%RH&): achieving the "organic linkage of the education chain and
talent chain with the industrial chain and innovation chain" (B EB%. AA S~ .
B EEFE H4732) (Li, 2025). This doctrine reveals the systemic ambition of contemporary
Chinese policy that extends beyond educational reform to encompass comprehensive
reconstruction of the relationship between knowledge production, human capital
development, industrial activity, and technological innovation.

The "education chain" encompasses the full spectrum of learning institutions from basic
education through postgraduate training but reconceptualised as an integrated system
serving national developmental goals rather than individual advancement objectives. The
"talent chain" represents the flow of human capital from educational institutions through
various career pathways, with explicit attention to ensuring talent allocation serves
strategic national priorities. The "industrial chain" incorporates both traditional
manufacturing and emerging sectors, but with emphasis on value-added activities that
enhance national technological capabilities. The "innovation chain" links basic research,
applied development, and commercialisation activities within a unified framework



oriented toward reducing foreign technological dependencies while building indigenous
capabilities (Li, 2025).

The "organic linkage" of these chains represents an ambitious attempt to eliminate
traditional time lags, coordination problems, and resource misallocations that occur when
these domains operate as separate systems. The objective is to create seamless pipelines
from societal need identification through research prioritisation, educational resource
allocation, talent development, and technological implementation. This systemic vision
distinguishes China's approach from incremental reforms within existing institutional
structures toward comprehensive system replacement.

2.4 Theoretical Gaps and the Need for New Frameworks

Existing theoretical frameworks, while offering valuable insights, prove inadequate for
explaining the unique characteristics, operational dynamics, and performance criteria of
China's IEl system. The state's role transcends that of a facilitating partner or even a
directing coordinator to become the system's primary architect, creating what Li (2025)
terms a "state-support, practice-driven, systemically fused mode of knowledge creation."
Three critical gaps emerge from our literature analysis. First, existing frameworks
inadequately theorise state-led knowledge production systems where strategic national
priorities guide market mechanisms or academic autonomy in determining research
priorities and resource allocation. Second, current theories provide insufficient attention
to the role of national development values, cultural sovereignty, and ideological
coherence in shaping innovation strategies and institutional arrangements. Third, limited
theoretical attention has been devoted to understanding how cross-sector boundary
dissolution operates in practice and what governance mechanisms enable such
dissolution while maintaining system coherence (Li, 2025; Yao & Zhuoma, 2025).

The emergence of indigenous Chinese theoretical frameworks represents a significant
development in global innovation studies. Li's (2025) "Sovereign Knowledge Nexus"
theory, Yao and Zhuoma's (2025) three-stage enterprise transition model, and the various
process models developed by other scholars in our dataset demonstrate growing Chinese
theoretical sophistication and confidence in proposing alternatives to Western-
dominated academic discourse. These contributions suggest the emergence of genuinely
multipolar approaches to understanding innovation, education, and development.

3. Methodology

This study employs a mixed-method qualitative research design that combines systematic
content analysis with comparative case study methodology and theoretical synthesis. The
research design was specifically developed to capture both the breadth of innovations
across China's IEl system and the depth of transformation within specific institutional and
sectoral contexts.

3.1 Data Collection and Sampling Strategy

Primary Data Sources: The study's primary data comprises 24 peer-reviewed academic
papers published between 2019 and 2025 in two leading Chinese academic



journals: Integration of Industry and Education (7= 2 gt & #F %8, ISSN 2664-5327)
and Integration of Industry and Education Journal (ISSN 2791-2671). These journals were
selected as they represent the primary platforms for IEl research in China and provide
access to both theoretical contributions and empirical case studies from diverse
institutional contexts.
Integration of Industry and Education serves as the flagship publication for policy analysis,
institutional case studies, and theoretical development in Chinese IEl research. Published
by Creative Publishing Co., Limited and based in Hong Kong, the journal has become the
primary venue for scholars, practitioners, and policymakers to share research on
collaborative  education innovations. Integration of Industry and Education
Journal provides additional coverage of international perspectives and comparative
studies, enabling analysis of how Chinese innovations relate to global trends in
educational-industrial collaboration.
Sampling Strategy: The selection process employed stratified purposive sampling to
ensure representation across multiple critical dimensions:
Disciplinary Coverage: Papers were selected to represent the full spectrum of
disciplines engaged in IEl initiatives, including traditional engineering disciplines
(chemical engineering, agricultural machinery), emerging technology fields
(artificial intelligence, digital finance), professional education sectors (law,
medicine, business), creative industries (art, design, cultural heritage), and
interdisciplinary programs (environmental studies, rural development).
Institutional Diversity: The sample includes research from multiple institutional
types: prestigious research universities (Tsinghua University, Central South
University), regional comprehensive universities (Sichuan Normal University,
Xinjiang Agricultural University), specialised technical institutions (China
Agricultural University, Shandong Second Medical University), vocational colleges
(Guangdong Finance and Trade Vocational College, Urumqi Vocational University),
and international cooperative institutions (Lampang Inter-tech College, Krirk
University).
Geographical Distribution: Studies were selected to represent different regional
development contexts, including economically advanced regions (Greater Bay Area,
Shanghai), developing western regions (Xinjiang, Sichuan), and pilot zones for IEl
innovation (Zhaoging, various county-level initiatives).
Collaborative Models: The sample encompasses the full range of collaborative
arrangements, from industry-initiated partnerships to university-led research
projects, government-mandated pilot programs, and internationally cooperative
initiatives.
3.2 Analytical Framework and Procedures



The analysis employed a multi-stage, iterative framework designed to identify innovation
patterns while maintaining sensitivity to contextual variations and developmental
trajectories.

Stage 1: Systematic Content Analysis - Each paper underwent detailed analysis using a
standardised coding framework developed specifically for this study. The framework
examined: theoretical frameworks and citations, methodological approaches and data
sources, institutional contexts and participant characteristics, innovation mechanisms
and process descriptions, implementation challenges and solutions, measurable
outcomes and assessment criteria, and policy implications and recommendations.

Stage 2: Cross-Case Pattern Identification - Following individual paper analysis,
comparative analysis identified patterns across different cases, sectors, institutions, and
time periods. This stage employed constant comparative methodology to identify
recurring themes, contrasting approaches, and evolutionary trends within the overall IEI
development trajectory.

Stage 3: Theoretical Synthesis and Model Development - Emerging patterns were
synthesised into higher-order theoretical constructs, leading to the identification of five
key innovation categories and the development of new analytical frameworks including
the enhanced understanding of the Sovereign Knowledge Nexus and the
conceptualisation of Mode 3 knowledge production.

3.3 Validation and Reliability Measures

Multiple strategies were employed to ensure analytical rigour and reliability. Theoretical
saturation was achieved through systematic inclusion of papers representing different
contexts and approaches until no new conceptual categories emerged from additional
cases. Triangulation was conducted by comparing findings across different types of
evidence including policy documents, empirical studies, institutional case studies, and
international comparative analyses.

The analytical framework was tested through application to additional cases beyond the
primary dataset to confirm consistency and explanatory power. Member checking was
conducted with Chinese scholars familiar with the IEI system to ensure accurate
interpretation of technical terms and policy nuances. Finally, rival explanation analysis
was employed to consider alternative interpretations of the observed innovations and
their significance.

4. The Evolution of China's IEl System (2019-2025): Three Developmental Phases

4.1 Phase 1: Foundation Building and Policy Experimentation (2019-2021)

The foundation-building phase was characterised by extensive policy experimentation,
institutional infrastructure development, and the establishment of systematic
collaboration frameworks. During this period, the Ministry of Education's University-
Industry Collaborative Education Program underwent dramatic expansion, with
supporting companies like GMT Technology facilitating over 985 collaborative projects
across multiple university partnerships (GMT Technology, 2024). This quantitative



expansion was accompanied by qualitative innovations in collaboration models and
institutional arrangements.

Policy Infrastructure Development: The phase began with comprehensive policy
framework development that established standardised procedures for collaborative
partnerships. The Ministry of Education created systematic application processes,
evaluation criteria, and funding mechanisms that enabled scaled implementation of IEI
initiatives. These frameworks addressed previous challenges of ad-hoc cooperation by
creating predictable, transparent, and accountable collaboration pathways.

Institutional Innovation: Key institutional innovations during this phase included the
popularisation of "dual-instructor systems" (M5 Jfi#l), where industry professionals
were formally integrated into academic curricula alongside traditional faculty members
(Tian et al., 2020). This represented a significant departure from guest lecture models
toward systematic co-teaching arrangements that required coordination of academic and
industry calendars, assessment criteria, and pedagogical approaches.

The development of virtual simulation technologies during this phase addressed
longstanding challenges in practical education, particularly in fields with safety risks or
equipment constraints. The chemical engineering virtual simulation system documented
by Tian et al. (2020) exemplifies this innovation, creating 3D virtual environments that
replicate industrial facilities with "1:1 accuracy" while enabling unlimited student access
without safety concerns or equipment limitations.

Early Outcome Evidence: Even in this foundational phase, substantial outcomes were
achieved. The virtual simulation initiatives alone benefited over 1,000 students annually
while reducing equipment costs and safety risks (Tian et al., 2020). The dual-instructor
programs achieved high levels of student satisfaction while improving industry-relevance
of academic programming. These early successes provided evidence supporting more
ambitious integration efforts in subsequent phases.

4.2 Phase 2: Model Innovation and Deep Integration (2022-2024)

The second phase witnessed the emergence of sophisticated institutional forms that
embodied genuine "fusion" (Ffi &) rather than cooperation. The establishment of
"Industrial Academies" (F= Mk 2 BE) represented a qualitative leap toward hybrid
organisations that dissolved traditional boundaries between educational and industrial
spaces while maintaining the benefits of both institutional types.

Industrial Academy Development: The Smart Finance Industrial Academy established by
Guangdong Finance and Trade Vocational College represents the most sophisticated
example of deep institutional integration documented in our analysis (Su et al., 2024).
This academy operates through shared physical infrastructure including "Financial Cloud
Sharing Centers," "Smart Integration Virtual Simulation Centers," and "Big Data Financial
Analysis Centers" that serve simultaneously as educational facilities and commercial
operation centres.



The academy's "dual-subject education model" assigns enterprises co-responsibility for
curriculum development, student supervision, and performance evaluation. Enterprise
mentors from companies including Beijing Dongda Zhengbao Technology and Kingdee
assume permanent teaching responsibilities rather than occasional guest contributions.
Students work with actual corporate data and business processes under joint supervision,
creating what practitioners term "real accounts, real practice" (EME i) methodology
(Su et al., 2024).

Competency Integration Frameworks: This phase saw the development of
comprehensive "position-course-competition-certification integration" (R iEZRIIRLS)
frameworks that unified job requirement analysis, academic curriculum design, skills
competition preparation, and professional certification acquisition into seamless
pathways (Su et al., 2024). These frameworks addressed traditional disconnections
between academic learning and workplace competency development by creating direct
alignment mechanisms.

The implementation of "1+X certificate" systems exemplifies this integration, where
academic courses are designed to simultaneously prepare students for traditional
examinations and industry-recognised professional certifications. The Smart Finance
Academy achieved 98% pass rates on professional certifications while maintaining high
academic standards, demonstrating the viability of integrated competency development
(Su et al., 2024).

Cross-Sector Expansion: Phase 2 also witnessed dramatic expansion of IEl models beyond
traditional engineering and technology fields into areas traditionally considered resistant
to industry collaboration. The environmental design projects documented by Wang and
Chen (2022) demonstrate how aesthetic education can be mobilised for rural
development objectives. The art and cultural heritage initiatives described by Fang et al.
(2024) show how creative disciplines can generate both educational and commercial
value through competitive platforms and cultural industry development.

4.3 Phase 3: Theoretical Maturity and Global Expansion (2025-present)

The current phase is characterised by the emergence of indigenous theoretical
frameworks, sophisticated empirical research methodologies, and increasing
international application of Chinese-developed IEI models. This phase represents a shift
from adapting international best practices toward exporting Chinese innovations to
international contexts.

Theoretical Innovation: Li's (2025) development of the "Sovereign Knowledge Nexus"
theory and conceptualisation of "Mode 3" knowledge production represents the most
significant theoretical contribution of this phase. These frameworks provide alternative
perspectives to propose constructive alternatives grounded in different philosophical and
organisational assumptions. The theory provides analytical tools for understanding how
state-support systems can generate innovation while maintaining national strategic
objectives.



Complementing Li's macro-theoretical contribution, Xiong et al.'s (2024) grounded theory
analysis of graduate student academic aspiration provides sophisticated micro-level
understanding of how industry-education integration affects individual learning and
career development. Based on in-depth interviews with 28 graduate students across six
universities, this research reveals the complex psychological and social mechanisms
through which IE| participation influences academic motivation and career choices.
International Expansion: The medical education partnership between Sun Yat-sen
University and institutions in Equatorial Guinea demonstrates how Chinese IEl
innovations are being adapted for international contexts (Mo et al., 2025). This initiative
develops competency-based surgical training curricula specifically designed for resource-
constrained environments, showing how Chinese educational methodologies can address
global development challenges.

The project employs multiple knowledge transfer mechanisms including mentor-
apprentice relationships adapted from Chinese traditions, simulation-based training to
overcome equipment limitations, and continuous feedback loops to ensure curriculum
relevance to local healthcare needs. These mechanisms demonstrate how Chinese IEI
methodologies can be successfully internationalised while maintaining core effectiveness
principles (Mo et al., 2025).

Methodological Sophistication: This phase is also characterised by increasingly
sophisticated research methodologies that enhance the credibility and international
applicability of Chinese IEl research. Xiong et al.'s (2024) application of grounded theory
techniques, Dong's (2022) employment of bibliometric analysis software, and Wang and
Li's (2022) systematic evaluation of online-offline integration demonstrate
methodological capabilities that meet international academic standards while addressing
distinctly Chinese research questions.

5. Five Key Innovations in China's Ull Model

5.1 Innovation 1: Institutional Evolution from Cooperation to Co-creation

The progression from traditional cooperation models to co-creative institutional
arrangements represents the most fundamental innovation in China's IElI system. This
evolution involves qualitative changes in how institutions relate to each other, how
knowledge is produced and validated, and how success is measured and sustained.
Traditional Cooperation Models: Early phases of school-enterprise cooperation typically
involved discrete, project-based partnerships where institutions maintained clear
boundaries and separate identities. Universities would seek industry sponsors for
equipment or internship opportunities, while enterprises would occasionally provide
guest lectures or hiring preferences. These arrangements, while beneficial, maintained
traditional institutional hierarchies and role divisions.

Integration Phase Developments: The shift to industry-education integration involved
deeper structural alignment while preserving institutional distinctiveness. Industrial
Academies created during this phase represented shared physical spaces and coordinated



programming, but universities and enterprises maintained separate governance
structures and evaluation criteria. Integration involved coordination rather than genuine
institutional fusion.

Co-creation Model Characteristics: Current co-creation models dissolve traditional
institutional boundaries to create hybrid entities with entirely new characteristics. The
Smart Finance Industrial Academy exemplifies this transformation through several
specific mechanisms (Su et al., 2024):

Shared Governance Structures: Enterprise representatives and university administrators
jointly constitute governing boards with equal decision-making authority over curriculum
design, resource allocation, and performance evaluation. Traditional distinctions between
"academic" and "commercial" decision-making criteria become meaningless in favor of
integrated success metrics.

Joint Faculty Development: Enterprise professionals and university instructors participate
in unified professional development programs, creating hybrid identities where
individuals function simultaneously as educators and practitioners. The "dual-instructor"
model evolves into genuine "dual-identity" professional roles.

Integrated Assessment Systems: Student evaluation incorporates academic achievement,
industry performance metrics, and contribution to actual business outcomes. The "real
accounts, real practice" methodology enables students to generate value for partner
enterprises while completing academic requirements, creating win-win dynamics that
sustain collaborative relationships (Su et al., 2024).

International Comparative Significance: This evolution toward co-creation models
represents a distinctively Chinese contribution to global collaborative education practice.
While other national systems have developed sophisticated partnership models, the
systematic dissolution of institutional boundaries while maintaining system coherence
appears unique to the Chinese context and reflects deeper Chinese philosophical
approaches to organisational design and social coordination.

5.2 Innovation 2: The Emergence of "Mode 3" Knowledge Production Theory

Li's (2025) theoretical conceptualisation of "Mode 3" knowledge production represents
perhaps the most significant intellectual contribution emerging from China's IEl
experience. This theory moves beyond critique of existing Western frameworks to
propose an original analytical model grounded in Chinese practice but with broader
theoretical implications for understanding knowledge production in state-directed
systems globally.

Theoretical Genesis and Development: Mode 3 theory emerged from Li's systematic
analysis of Chinese |El practices that revealed characteristics not adequately explained by
existing theoretical frameworks. Unlike Mode 1's disciplinary focus or Mode 2's network-
based problem-solving, Mode 3 prioritises strategic alignment with state-defined
sovereignty objectives while maintaining high standards for knowledge quality and
practical effectiveness.



Core Theoretical Propositions: Mode 3 knowledge production operates through four
distinctive characteristics that differentiate it from existing models:

State Orchestration over Heterarchy: Unlike Mode 2's self-organising networks, Mode 3
systems feature deliberate design, central coordination, and continuous management by
state institutions. The carbon sequestration tourism project illustrates this orchestration,
where local governments, universities, and enterprises collaborate within state-defined
frameworks while generating economic returns, educational outcomes, and policy
innovation simultaneously (Luo, 2025).

Strategic Validation over Peer Review: While maintaining academic standards, Mode 3
prioritises strategic alignment as the ultimate criterion for knowledge validation. Projects
are evaluated primarily on their contribution to national strategic objectives rather than
traditional academic metrics or immediate commercial success. The medical education
partnerships with Equatorial Guinea demonstrate this principle, where success is
measured by capacity building outcomes and strategic relationship development rather
than conventional academic publication metrics (Mo et al., 2025).

Systemic Fusion over Cooperation: Mode 3 creates permanent institutional arrangements
that embed collaborative relationships within organisational structures rather than
relying on project-based partnerships. Industrial Academies represent this fusion
approach, where universities and enterprises share governance, facilities, and
performance accountability rather than maintaining separate institutional identities (Su
et al., 2024).

Dual Circulation of Knowledge: Mode 3 systems actively manage both "international
circulation" (absorbing and adapting global knowledge) and "domestic circulation"
(generating original knowledge for potential

export). This dual approach aims to achieve self-reliance while maintaining global
connectivity, as demonstrated by projects that combine international educational
standards with indigenous innovation priorities (Li, 2025).

Theoretical Implications: Mode 3 theory challenges fundamental assumptions about the
relationship between state direction and innovation capacity. Conventional innovation
theory often assumes tensions between central planning and creative discovery,
suggesting that excessive state involvement inhibits innovation through bureaucratic
interference and resource misallocation. Mode 3 theory proposes that appropriately
designed state orchestration can enhance innovation by providing strategic focus,
resource coordination, and sustained commitment to long-term objectives that market
mechanisms alone cannot achieve.

The theory also contributes to broader debates about knowledge governance in an
increasingly multipolar world. By demonstrating that effective innovation systems can be
organised according to different principles than those predominant in Western contexts,
Mode 3 theory supports arguments for epistemological diversity and challenges claims
about the universal applicability of market-driven innovation models.



5.3 Innovation 3: Cross-Sector Boundary Dissolution and Interdisciplinary Integration
Traditional academic and industry boundaries have become increasingly permeable
within China's IEl system, enabling innovative combinations that generate novel solutions
to complex societal challenges. This boundary dissolution operates simultaneously across
multiple dimensions: academic disciplines, industry sectors, government levels,
geographical regions, and temporal frameworks.

Mechanisms of Boundary Dissolution: The environmental design program documented
by Wang and Chen (2022) provides detailed insight into how boundary dissolution
operates in practice. Students pursuing environmental design degrees engage
simultaneously with aesthetic theory, rural sociology, economic development theory,
policy implementation processes, and community engagement techniques. Their
coursework includes traditional design studio activities, field research in village settings,
economic impact assessment, policy analysis, and collaborative work with local
governments and community organisations.

This integration would be challenging to achieve within systems that maintain strict
boundaries between academic study, professional practice, and policy implementation.
The Chinese system enables such integration through several specific mechanisms:
Institutional Flexibility: Chinese universities possess greater flexibility to create
interdisciplinary programs and modify traditional academic structures than their Western
counterparts. This flexibility enables rapid response to emerging societal needs and policy
priorities.

Government Coordination: Local and provincial governments actively facilitate boundary
dissolution by providing policy frameworks, funding mechanisms, and coordination
platforms that enable academic institutions to engage directly in policy implementation
and economic development activities.

Enterprise Partnership Models: Chinese enterprises, particularly state-owned enterprises,
operate under broader social responsibility mandates that facilitate engagement in
educational and social development activities beyond immediate commercial interests.
Sectoral Innovation Examples: The medical education partnerships with Equatorial
Guinea demonstrate boundary dissolution across national and institutional contexts (Mo
et al., 2025). Chinese medical educators develop competency-based curricula that
simultaneously serve Chinese domestic medical education innovation objectives,
international development cooperation goals, African healthcare capacity building needs,
and diplomatic relationship enhancement purposes. This multi-objective integration
would be difficult to achieve within systems that compartmentalise international
cooperation, domestic education policy, healthcare development, and diplomatic
relations.

Similarly, the rural tourism and carbon sequestration projects combine environmental
science, business education, tourism management, agricultural development, cultural
preservation, and policy innovation into unified initiatives that serve multiple



constituencies simultaneously (Luo, 2025). Students participating in these projects
receive education across all these domains while generating measurable economic and
environmental benefits for rural communities.

Critical Success Factors: The analysis reveals several factors that enable successful
boundary dissolution:

Strategic Coherence: All boundary-crossing activities must ultimately serve coherent
strategic objectives, preventing fragmentation that might occur in less directed systems.
Institutional Support: Universities, governments, and enterprises must possess sufficient
institutional capacity to operate effectively across multiple domains without
compromising their core competencies.

Cultural Compatibility: Chinese cultural traditions of holistic thinking and system
integration facilitate boundary dissolution in ways that might encounter greater
resistance in more individualistically oriented cultural contexts.

5.4 Innovation 4: Competency-Oriented Assessment and Validation Systems

China's IEl system has pioneered comprehensive assessment frameworks that evaluate
learning outcomes across multiple dimensions rather than traditional knowledge-based
testing. This innovation reflects broader Chinese educational philosophy that emphasises
practical capability development alongside theoretical knowledge acquisition.

The "Position-Course-Competition-Certification Integration” Framework: The most
sophisticated expression of competency-oriented assessment is the K iE R WF Bl &
(position-course-competition-certification  integration) framework  documented
extensively by Su et al. (2024). This framework represents a systematic attempt to align
four traditionally separate domains:

& (Position/Job Requirements): Detailed analysis of actual job responsibilities and
competency requirements in target industries provides the foundation for all other
assessment dimensions. This ensures that educational programs develop capabilities that
directly translate to workplace effectiveness.

& (Academic Courses): Course content and assessment criteria are designed to develop
competencies identified through job analysis rather than following traditional disciplinary
structures. This ensures academic rigor while maintaining practical relevance.

3E (Skills Competitions): Students participate in skills competitions that test competencies
under conditions that simulate actual workplace challenges. Competition performance
provides external validation of competency development while motivating excellence in
skill acquisition.

yiE (Professional Certifications): Academic programs prepare students to achieve industry-
recognised professional certifications that provide independent verification of
competency achievement. The integration of certification preparation into academic
curricula ensures that graduates possess credentials valued by employers.
Implementation Evidence: The Smart Finance Industrial Academy's implementation of
this framework achieved remarkable outcomes: 98% pass rates on professional



certifications, 95% employment rates within six months of graduation, and high levels of
employer satisfaction with graduate performance (Su et al., 2024). These results
demonstrate the effectiveness of competency-oriented approaches while providing
evidence for their replication in other contexts.

Medical Education Applications: The medical education reforms described by Zhao et al.
(2025) illustrate how competency-oriented assessment translates to professional
education contexts with high stakes and regulatory requirements. Traditional
examination-based assessment is supplemented with comprehensive evaluation
including "medical humanities, ethics, and professional conduct" alongside technical
competencies. This holistic approach reflects the system's emphasis on producing
graduates capable of functioning effectively across multiple professional contexts while
maintaining high ethical and technical standards.

The medical program achieved significant improvements in student satisfaction
(increasing from 86.5% to 100%), physical fitness improvement rates (from 48.1% to
87.7%), international course participation (from 48.1% to 100%), and research publication
output (increasing 38.9% annually) (Zhao et al., 2025). These improvements demonstrate
the multifaceted benefits of competency-oriented approaches.

Assessment Innovation Mechanisms: Several specific mechanisms enable effective
competency-oriented assessment:

Multi-Stakeholder Evaluation: Assessment involves university faculty, industry mentors,
government supervisors, and peer evaluation, providing diverse perspectives on
competency development and performance quality.

Continuous Feedback Systems: Rather than relying on terminal examinations,
competency-oriented systems employ continuous feedback mechanisms that enable
real-time adjustment of learning strategies and performance improvement.

Authentic Performance Evaluation: Assessment occurs within actual or simulated work
environments rather than artificial testing contexts, ensuring that evaluated
competencies translate effectively to real-world performance.

5.5 Innovation 5: Hybrid Digital-Physical Learning Environments

China's |IEI system has pioneered the creation of sophisticated hybrid learning
environments that seamlessly integrate virtual simulation technologies, physical
educational spaces, and authentic workplace experiences. This innovation addresses
traditional limitations in practical education while enabling scaled, safe, and cost-effective
training across diverse disciplines and contexts.

Virtual Simulation Innovation: The chemical engineering virtual simulation system
developed by Tian et al. (2020) represents a paradigmatic example of digital innovation
in practical education. The system creates immersive 3D environments that replicate
actual industrial facilities including "equipment appearance standards. This is particularly
significant for China's massive higher education system, which serves over 44 million
students and requires efficient delivery mechanisms for practical skill development.



6. Empirical Evidence and Measurable Outcomes

6.1 Educational Quality and Student Development Indicators

The analysis reveals consistent evidence of improved educational outcomes across
diverse IEl initiatives, measured through multiple indicators that provide comprehensive
assessment of system effectiveness. These indicators extend beyond traditional academic
metrics to encompass practical competency development, career preparation, and
contributions to social and economic development.

Employment and Career Development Outcomes: Multiple case studies document
substantial improvements in graduate employment rates and career progression
indicators. The Smart Finance Industrial Academy achieved employment rates exceeding
95% within six months of graduation, with most graduates securing positions directly
relevant to their training (Su et al., 2024). The rural aesthetics and environmental design
programs achieved employment rates above 90% while creating entirely new career
pathways in rural development and cultural heritage management (Wang & Hu, 2024).
More significantly, these employment outcomes represent qualitative improvements in
career preparation rather than merely quantitative improvements in job placement.
Graduates report high levels of confidence in their ability to perform professional
responsibilities, rapid advancement within their organizations, and expanded career
opportunities resulting from their integrated competency development.

Competency Development Evidence: The implementation of competency-oriented
assessment systems provides detailed evidence of skill and knowledge development
across multiple domains. The Smart Finance Academy's 98% pass rate on "1+X"
professional certifications demonstrates effective integration of academic learning with
industry-standard competency requirements (Su et al.,, 2024). Students achieve
certifications in Financial Shared Services, Government Finance and Accounting Robot
Applications, and related professional credentials while completing traditional academic
degree requirements.

The medical education program documented by Zhao et al. (2025) achieved remarkable
improvements across multiple competency indicators: student satisfaction increased
from 86.5% to 100%, physical fitness improvement rates increased from 48.1% to 87.7%,
and international course participation increased from 48.1% to 100%. These
improvements demonstrate the multifaceted benefits of competency-oriented
educational approaches.

Research and Innovation Outcomes: |[El programs consistently generate substantial
research and innovation outputs that benefit both educational institutions and industry
partners. The Smart Finance Academy produced 6 software copyrights, multiple teaching
material publications, and ¥600,000 in technical service revenue (Su et al., 2024). The
medical program achieved a 38.9% increase in SCI publication output while improving
educational quality indicators (Zhao et al., 2025).

6.2 Economic and Social Impact Documentation



IEI initiatives generate substantial economic and social benefits that extend beyond
immediate educational outcomes to create broader developmental impacts. These
benefits provide crucial evidence supporting the sustainability and scalability of Chinese
IEl innovations.

Direct Economic Contributions: The carbon sequestration rural tourism project
documented by Luo (2025) represents the most comprehensive example of measurable
economic impact generation. The project created ¥12.54 million in direct economic
benefits for participating rural communities through multiple revenue streams including
tourism services, specialty agricultural product sales, and carbon sequestration credit
programes.

The economic impact extends beyond immediate project duration through sustainable
economic activity generation. Participating villages report continued tourism revenue
growth, expanded agricultural production, and new business development that builds
upon project-initiated activities. The project demonstrates how IEl initiatives can catalyse
long-term economic development rather than providing temporary economic stimulus.
Employment Creation and Workforce Development: IEI projects create substantial
employment opportunities both for participating students and community members. The
rural tourism initiatives created approximately 150 stable employment positions while
attracting over 50% return rates among young adults who had previously migrated to
urban areas for employment (Wang & Hu, 2024). This employment creation addresses
critical challenges of rural population decline and economic stagnation while providing
meaningful career opportunities for educated young people.

The Smart Finance Industrial Academy created employment opportunities for 250+
graduates across partner enterprises while also developing local financial services
capacity that supports regional economic development (Su et al.,, 2024). These
employment outcomes demonstrate both direct benefits for participating students and
indirect benefits for broader economic development.

Social and Cultural Impact: Beyond economic contributions, IEl initiatives generate
significant social and cultural benefits that enhance community development and cultural
preservation. The rural aesthetics projects have improved living environments, preserved
traditional cultural practices, and strengthened community social cohesion through
collaborative development activities (Wang & Hu, 2024).

The cultural heritage and sports tradition preservation initiatives documented by GMT
Technology (2024) demonstrate how IEl programs can serve cultural preservation
objectives while providing practical education experiences. Students participating in
these programs develop professional competencies while contributing to cultural
heritage documentation, preservation, and transmission activities.

6.3 International Recognition and Replication Evidence

The international recognition and replication of Chinese IElI innovations provides
important validation of their effectiveness and broader applicability. This evidence



demonstrates that Chinese innovations address universal challenges in educational-
industrial integration while offering solutions that can be adapted to diverse national
contexts.

International Partnership Development: The medical education partnership with
Equatorial Guinea represents the most extensively documented example of Chinese IEI
model export (Mo et al., 2025). Chinese educators successfully adapted competency-
based training methodologies to resource-constrained African healthcare environments
while maintaining high educational standards and achieving meaningful capacity building
outcomes.

The partnership employs multiple knowledge transfer mechanisms including mentor-
apprentice relationships adapted from Chinese educational traditions, simulation-based
training technologies that overcome equipment limitations, and continuous feedback
systems that ensure curriculum relevance to local healthcare needs. These adaptations
demonstrate the flexibility and transferability of Chinese IEI methodologies while
providing evidence for their effectiveness across diverse cultural and institutional
contexts.

Policy Influence and Recognition: Several Chinese IEl innovations have received national
and international recognition that supports their broader replication and policy influence.
The Smart Finance Industrial Academy was recognised as a national demonstration
project and has informed vocational education policy development across China (Su et al.,
2024). The rural development initiatives have influenced rural revitalisation policy
implementation and have been featured as best practice examples in government policy
documents.

International development organisations and foreign educational institutions have
expressed interest in adapting Chinese IEI methodologies for application in their own
contexts. This international attention demonstrates growing recognition of Chinese
educational innovation leadership and suggests potential for broader global influence.
Academic Impact and Citation: The theoretical frameworks developed by Chinese
scholars, particularly Li's Mode 3 theory and related analytical models, are beginning to
receive international academic attention and citation. These theoretical contributions
represent significant Chinese intellectual exports that enhance global understanding of
innovation processes while establishing Chinese academic leadership in relevant research
domains.

7. Critical Challenges and Implementation Difficulties

7.1 Structural and Systemic Challenges

Despite documented successes, China's IEl system faces significant structural challenges
that affect sustainability, scalability, and long-term effectiveness. These challenges
emerge from tensions between the system's ambitious objectives and the practical
constraints of implementing complex institutional arrangements across diverse contexts.



Faculty Development and Capacity Constraints: The research reveals consistent
challenges in developing faculty capacity to operate effectively within integrated
educational-industrial environments. Wang's (2024) comprehensive analysis of internet
marketing faculty development identifies structural problems including age distribution
imbalances (68.3% of teachers under 40 years old), limited academic diversity (85.6%
from single institutional backgrounds), and insufficient industry experience (only 38.2%
with enterprise work experience).

These faculty development challenges reflect deeper tensions between traditional
academic career structures and the hybrid competencies required for effective IEI
implementation. Universities struggle to attract and retain faculty with both academic
credentials and industry experience, while traditional promotion and evaluation criteria
may not adequately recognise industry engagement activities.

The medical education reform initiatives documented by Zhao et al. (2025) identify similar
challenges, noting that curriculum transformation requires significant faculty retraining
and development of new pedagogical competencies. Traditional lecture-based
instruction must be replaced with simulation-based learning, competency assessment,
and interdisciplinary collaboration approaches that require substantial faculty skill
development.

Resource Allocation and Sustainability Concerns: The implementation of sophisticated
IEl programs requires substantial resource investments that may exceed the capacity of
many institutions. The Smart Finance Industrial Academy required ¥2.5 million in initial
infrastructure investment to create the shared facilities necessary for effective
programming (Su et al.,, 2024). While this investment has generated positive returns
through improved educational outcomes and industry partnerships, similar resource
requirements may pose barriers to replication across institutions with limited financial
capacity.

Moreover, the sustainability of enterprise engagement depends upon continued business
benefits that may fluctuate with economic conditions and corporate priorities. The
analysis reveals concerns about maintaining enterprise commitment during economic
downturns or when initial collaboration enthusiasm diminishes.

Coordination Complexity: The management of multi-stakeholder collaborative
arrangements creates substantial coordination challenges that increase administrative
burden and require sophisticated management capabilities. The carbon sequestration
tourism projects involve coordination among universities, local governments, tourism
enterprises, environmental agencies, cultural heritage organisations, and community
groups (Luo, 2025). This coordination complexity can inhibit project implementation and
may limit scalability to contexts with sufficient administrative capacity.

7.2 Pedagogical and Academic Challenges



The transformation of traditional educational approaches to support IEI objectives
creates substantial pedagogical challenges that affect both teaching effectiveness and
academic quality maintenance.

Balance Between Academic Rigor and Practical Application: IEl programs must maintain
academic standards while emphasising practical competency development, creating
tensions between theoretical depth and applied skill focus. The international commercial
law program documented by Wang and Li (2022) illustrates these challenges, noting that
traditional content-heavy curricula conflict with experiential learning approaches that
require substantial time allocation for practical skill development.

The solution involves fundamental curriculum restructuring that integrates theoretical
and practical learning rather than treating them as separate domains. However, this
restructuring requires sophisticated pedagogical design capabilities that many institutions
may lack. Faculty must develop new competencies in experiential learning design,
industry partnership management, and integrated assessment approaches.

Student Adaptation and Learning Experience: The transition to integrated learning
environments creates adjustment challenges for students accustomed to traditional
educational approaches. Zhang and Zhang's (2024) analysis of English-as-a-medium-of-
instruction practices reveal that students experience anxiety and confidence challenges
when transitioning to integrated learning environments that require active participation
and practical application rather than passive knowledge absorption.

However, the research also documents that students adapt successfully when provided
appropriate support systems and gradual transition processes. The key factors enabling
successful student adaptation include clear expectation communication, structured
support systems, and progressive competency development pathways that build
confidence through incremental skill acquisition.

Assessment Validity and Reliability: The development of integrated assessment systems
that evaluate both academic learning and practical competency requires sophisticated
measurement approaches that ensure both validity and reliability. Traditional academic
assessment methods may inadequately capture practical competency development,
while workplace-based evaluation may lack the standardisation necessary for fair and
consistent assessment.

The research documents various approaches to addressing these challenges, including
multi-stakeholder assessment systems, portfolio-based evaluation approaches, and
authentic assessment methods that simulate actual workplace requirements. However,
the implementation of these sophisticated assessment approaches requires substantial
faculty training and institutional capacity development.

7.3 Policy and Institutional Challenges

The implementation of IEl initiatives occurs within complex policy and institutional
environments that create both opportunities and constraints for successful program
development and sustainability.



Policy Fragmentation and Coordination: The integration of education policy, industrial
policy, and regional development policy requires coordination across multiple
government agencies and policy domains that traditionally operate independently. Local
governments must coordinate education departments, economic development agencies,
environmental protection bureaus, and cultural heritage offices to support
comprehensive IEl initiatives like the rural tourism projects (Luo, 2025).

This policy coordination challenge is compounded by differences in policy timelines,
evaluation criteria, and resource allocation processes across different government
agencies. Educational institutions may operate on academic calendar timelines while
industrial partners require more flexible scheduling, creating coordination complexities
that require careful management.

Regulatory and Quality Assurance Frameworks: The development of hybrid educational-
industrial institutions requires regulatory frameworks that can accommodate institutional
forms that do not fit traditional categories. Industrial Academies that combine
educational and commercial activities must navigate both educational regulations and
business licensing requirements while maintaining compliance with quality assurance
standards in both domains (Su et al., 2024).

The creation of appropriate regulatory frameworks requires policy innovation that
balances quality assurance objectives with institutional flexibility needs. This balance is
particularly challenging in highly regulated fields like medical education, where patient
safety requirements must be maintained while enabling innovative educational
approaches.

Long-term Institutional Sustainability: The sustainability of IEl innovations depends upon
continued alignment between institutional incentives, government priorities, and market
conditions. Changes in government policy priorities, economic conditions, or institutional
leadership can affect the viability of collaborative arrangements that require sustained
commitment across multiple stakeholder groups.

The research documents various approaches to enhancing sustainability including
contractual frameworks that specify long-term commitments, institutional governance
structures that embed collaborative relationships within organisational structure, and
performance measurement systems that demonstrate ongoing value creation for all
stakeholders.
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