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Abstract. This study employs the New Quality Productive Forces theory as an
analytical framework to explore innovative pathways for talent cultivation
models in civil engineering disciplines within China’s border regions, driven by
the dual mechanisms of digital transformation and industry-academia collabora-
tion. Grounded in institutional fact theory, a three-dimensional collaborative
framework integrating "technological embedding-institutional innovation-data
governance" is proposed. By deconstructing the coupling mechanism between
China’s national construction industry planning and Yunnan Province’s "Three
Orientations" strategy, a systematic framework for translating intelligent con-
struction technical standards into educational protocols is established. The re-
search emphasizes a novel paradigm for constructing virtual construction edu-
cation platforms through the integration of BIM+GIS+IoT technologies and de-
signs a provincial-level architecture for construction talent data governance
systems integrated with 14 categories of engineering management systems. In
cross-border engineering education modules, an innovative collaborative design
framework combining standard co-creation and cultural mutual learning is ap-
plied, forming a theoretical model of multi-level talent development schemes
tailored to the Lancang-Mekong River Basin. This study provides a theoretical
reference system that integrates regional adaptability and international scalabil-
ity for vocational education reform in border areas.
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1 Introduction

1.1  Research Background

Driven by the wave of the Fourth Industrial Revolution 4.0, the global industrial
landscape is undergoing a technological revolution marked by artificial intelligence,
block-chain, and clean energy technologies, propelling the production system towards
a deep evolution in digitization and ecological transformation. The "14th Five-Year
Plan for Economic and Social Development and Long-Range Objectives through the
Year 2035" creatively proposes the "innovation paradigm of digital-real integration,"
with its core lying in constructing a "double helix structure" for technological evolu-
tion and industrial upgrading. This strategic framework focuses on catalyzing the
transition of the economic system from linear growth to superconducting state syner-
gy through the algorithm of factor reorganization (i.e., the collaborative reactor of the
technological innovation chain and the industrial ecological chain). The special plan
for the housing and urban-rural development sector has responded positively to this,
setting dual goals: for the application of modular construction technology to exceed
30% by 2025 and for a digital cloud platform in the construction industry to take basic
shape. This not only outlines the inevitable scenario of the transformation of the con-
struction industry towards industrialization and internationalization but also redefines
the core competency framework for engineering talents. Practitioners are required to
possess BIM technology proficiency, interdisciplinary integration thinking, and full
life cycle management vision to match the remodeling requirements of emerging in-
dustries such as smart construction sites and zero-carbon buildings on the knowledge
system.

However, the contradiction between the traditional talent cultivation mode for civil
engineering and the adaptability of emerging productivity is increasingly prominent.
On the one hand, the existing curriculum system still centers on traditional civil engi-
neering knowledge, with inadequate coverage of cutting-edge technology courses
such as intelligent construction and green buildings, resulting in talent cultivation
lagging behind the development of emerging industries like the construction industry
internet and nearly zero-energy buildings. On the other hand, the industry-education
integration mechanism has yet to break through the shackles of "enthusiasm from
schools but not from enterprises." Research by RWTH Aachen University in Germa-
ny (Schuh et al., 2023) shows that "shortening the technical intervention cycle be-
tween schools and enterprises to 9 months can improve the matching degree by 63%."
['However, current cooperation remains at a superficial level, lacking deep involve-
ment in actual engineering projects and the ability for technological feedback. This
structural contradiction directly restricts the carrying capacity of civil engineering
talents for new-quality productivity. Research by the McKinsey Global Institute in the
United States (McKinsey, 2024) points out that "such mismatches will lead to a
26%-39%? reduction in knowledge conversion efficiency in the construction indus-
try" [Reference: McKinsey Global Institute. Skill Shift Automation and Future
Workforce[R]. 2024. ], becoming a key bottleneck hindering the transformation and
upgrading of the construction industry.
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It is noteworthy that the structural contradiction between the current engineering
education system and the needs of industrial transformation is gradually emerging.
From the perspective of theoretical teaching, most higher education curriculum struc-
tures still generally follow the traditional disciplinary division mode.
Cross-disciplinary teaching content such as smart construction and ecological build-
ings accounts for a significantly low proportion in the elective system, making it dif-
ficult for talent cultivation to meet the competency requirements of emerging tech-
nical positions such as intelligent building operation and maintenance and carbon
footprint management. At the level of practical training through industry-education
collaboration, there is a widespread imbalance in resource allocation in
school-enterprise cooperation. A large number of industry-academia-research projects
are still limited to cognitive practice, while the quantity and quality of collaborative
innovation projects in key technological areas such as building information modeling
development and sustainable building material research have not met expectations.
This structural disconnect between education supply and industrial upgrading severely
weakens talents' ability to convert new types of productivity such as intelligent detec-
tion and energy optimization, significantly hindering the upgrading of the construc-
tion industry to high-end fields.

1.2 Research Significance

Guided by the national strategy of industry-education integration, this paper aims to
construct a systematic solution by focusing on the dual demands of the synchronized
development of digitalization and industrialization in the construction industry
through institutional design and methodological innovation. At the strategic level, it
organically integrates the collaborative education mechanism outlined in "China's
Education Modernization 2035" with the technical road map of "Intelligent Construc-
tion + Construction Industrialization" in the housing and urban-rural development
sector (Jianshi [2020] No. 60), prioritizing the breakthrough of bottlenecks in the
integrated application of BIM, IoT, and other technologies across the entire engineer-
ing life cycle. At the implementation level, it innovatively couples the
three-dimensional goal system of green construction, scientific and technological
innovation, and talent cultivation established in Yunnan Province's "14th Five-Year"
special plan for the construction industry (Yunjiangui [2021] No. 5) to construct a
dynamic circular mechanism of "knowledge production-technology transfor-
mation-capacity building." By breaking down the traditional linear transmission bar-
riers in industry-academia-research, it forms a collaborative innovation ecosystem
guided by government policies, with technical breakthroughs by universities and
practical feedback by enterprises. It establishes a ternary collaboration network of
"technological research and development (universities)-industrial application (enter-
prises)-education empowerment (government)" to address the key talent bottleneck
constraining the transformation and upgrading of the regional construction industry.



420 L. Zhang

2 The Current Situation and Challenges of Talent Cultivation
in Civil Engineering in Yunnan Province

2.1  Structural Contradictions on the Supply Side of Talent Cultivation

At present, higher education in civil engineering in Yunnan Province presents a gra-
dient feature of professional layout, with an annual graduate scale of about 10,000 in
undergraduate training units. Among them, emerging majors such as intelligent con-
struction are still in the cultivation stage. According to the "14th Five Year Plan" for
the development of the construction industry in Yunnan Province, there is still room
for optimization in the adjustment of professional structure, based on the talent de-
mand in key areas such as "intelligent construction, green building, and prefabricated
building"®l. Research shows that the current industry-education collaborative educa-
tion system needs to focus on improving three dimensions: under the background of
rapid iteration of industrial technology, the construction of cutting-edge courses such
as prefabricated buildings still needs to accelerate progress; There is a gap between
the cultivation of digital capabilities such as BIM technology and industry practical
standards; The modular construction of content related to engineering standards in
South Asia and Southeast Asia needs to be strengthened. The structural contradiction
between "traditional overcapacity" and "insufficient emerging momentum" in talent
supply objectively reflects the development trend of further coordinated promotion of
the transformation and upgrading of traditional majors and the cultivation of momen-
tum in emerging fields.

2.2 Bottlenecks in the Operation of the Industry-Education Collaboration
Mechanism

The implementation of the industry-education integration strategy faces multidimen-
sional institutional barriers, prominently manifested as diminishing effectiveness dur-
ing policy transmission. Although the national Pilot Implementation Plan for Indus-
try-Education Integration Construction and provincial implementation guidelines have
established an institutional framework, governance tensions persist in
school-enterprise collaborative education practices. Notably, school-enterprise coop-
eration projects generally suffer from insufficient practical depth, and enterprises’
initiative in participating in professional development and standard-setting remains
under activated. Industry data reveals a 63% mismatch rate between the pace of tech-
nological advancement and curriculum renewal cycles, with an average lag of 12—18
months in translating cutting-edge standards into course content. Furthermore, the
absence of sustainable mechanisms for enterprise technical experts to engage in
teaching reforms has resulted in the efficiency of industry-education resource align-
ment falling below policy expectations.

The systemic challenges concentrate on three institutional blockages: First, bottle-
necks exist in the school-enterprise technology transfer pipeline, where insufficient
patent-teaching compatibility restricts collaborative innovation efficacy. Second, the
construction of provincial-level architectural industry-education integration platforms
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remains exploratory, with existing industrial colleges requiring urgent strengthening
in industrial chain connectivity. Third, implementation disparities arise during the
execution of fiscal and tax incentive policies, where enterprises report that policy
application complexity and benefit uncertainties create participation barriers. These
systemic obstacles objectively hinder the realization of strategic goals outlined in the
Yunnan Province Implementation Opinions on Deepening Industry-Education Inte-
gration, necessitating institutional innovation to resolve practical dilemmas such as
"enthusiastic schools but reluctant enterprises” and the "research-application discon-
nection."

2.3  Insufficient Empowerment from Digital Transformation Aligned

With the "14th Five-Year Plan" Digital Economy Development Plan requirement to
"promote educational digital transformation," the digital teaching of civil engineering
disciplines in Yunnan Province exhibits systematic developmental lag. First, the con-
struction progress of new teaching facilities such as virtual simulation laboratories
significantly trails industry development needs, with most training bases still relying
on traditional construction technologies and equipment, failing to support large-scale
application of digital teaching scenarios. Second, teaching resource allocation shows a
structural imbalance favoring theory over practice: application rates of practical
teaching scenarios like smart construction sites remain low, while organic integration
mechanisms linking theoretical instruction, virtual simulation, and on-site practice
remain unestablished. Digital resource integration involving BIM technology faces
platform compatibility barriers. The IoT capability assessment tool developed by
Spanish scholars (Sanchez et al., 2023) demonstrates that "integrated virtual-physical
teaching can enhance knowledge internalization rates by 58%." More notably, stu-
dent competency profiling suffers from incomplete data collection dimensions and
delayed dynamic updates, with critical competency indicator monitoring systems yet
to connect with industry big data platforms, resulting in misalignment between talent
development programs and smart construction technology requirements. Industry
research indicates these three-dimensional contradictions have formed a "facility
lag-scenario fragmentation-data discontinuity”" transmission chain, severely con-
straining supply-side reform in cultivating digital competencies for civil engineering
professionals.

3 Current Status and Dilemmas in Yunnan Province’s Civil
Engineering Talent Cultivation

Based on the strategic directive of the National Pilot Implementation Plan for Indus-
try-Education Integration to "establish a new reform pathway and mechanism with
cities as nodes, industries as pivots, and enterprises as focal points,"! this study pro-
poses a "tripartite collaborative innovation mechanism":



422 L. Zhang

3.1 Technical Collaboration

Based on the digital transformation needs of the construction industry, a
"BIM+GIS+IoT" integrated teaching scenario has been established. Guided by
the Unified Standard for Building Information Modeling Application (GB/T
51212-2016), a digital training platform covering the full lifecycle of engineering
design, construction, and operation has been developed to enable dynamic interaction
between virtual construction and physical projects. A representative case is the
SG+AI quality inspection system validated in China State Construction Engineering
Corporation’s multi-tier "smart construction site" project, which features a "frontline
support, mid-platform command, and backend dispatch" framework. This technical
pathway offers paradigmatic insights for constructing pedagogical scenarios.

3.2 Institutional Collaboration

Innovating a "government-school-enterprise contractual governance model" to pro-
mote the transformation of industry standards into educational benchmarks. Guided
by the intelligent construction standardization system development framework (Min-
istry of Housing and Urban-Rural Development’s /4th Five-Year Plan for Construc-
tion Industry Development, 2022), this study proposes establishing BIM technology
access criteria (GB/T 51235-2017) within the engineering education accreditation
framework. By constructing a "standards-curriculum-competency" mapping matrix,
institutional coupling between digitalized construction processes and structural educa-
tional supply is achieved. Additionally, a joint enterprise-school technical standard
transformation and certification center should be established. Yunnan Province can
leverage its Several Measures to Promote High-Quality Development of the Con-
struction Industry to refine intellectual property distribution mechanisms in
school-enterprise collaborations.

33 Data Collaboration

Integrate public data resources in the housing and urban-rural construction sector to
develop a provincial-level big data platform for construction industry talent. By inter-
facing with the Yunnan Provincial Engineering Construction Project Approval and
Management System (a unified provincial platform following the "one network, one
strategy" governance model. Guided by the principle of "horizontal coverage and
vertical integration," this application-oriented system breaks down "information silos"
and has achieved interoperability and data sharing with 14 systems, including the
online supervision platform for investment projects, as of 2024), the platform enables
correlation mapping between enterprise project data (e.g., prefabricated building
component parameters, green building material test reports) and educational compe-
tency profiles. It can acquire real-time technical parameters from 12 intelligent con-
struction pilot projects across the province, providing dynamic data support for cur-
riculum development.
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4 Implementation Strategy and Pathway Optimization

To address the structural contradiction of "a skill supply-demand mismatch rate ex-
ceeding 32% (Yunnan Provincial Department of Housing and Urban-Rural Develop-
ment survey data, 2023)" in talent supply for the civil engineering sector in Yunnan
Province, this study innovatively proposes a "Triple-Chain Coupling and
Three-Dimensional Collaboration" framework for industry-education integration re-
form. Grounded in New Structural Economics, the framework establishes a
three-dimensional evaluation index system encompassing Education Supply-Side
Adaptability (E), Industry Demand-Side Responsiveness (D), and Technological In-
novation Conversion Rate (T). By developing a transmission mechanism of "policy
anchoring-capacity mapping-resource reconfiguration", the framework achieves deep
organic coupling among the Education Chain (EC), Talent Chain (TC), and Innova-
tion Chain (IC), forming a reform solution that integrates policy responsiveness with
academic innovation.

4.1 Dynamically Adjusted Curriculum System

Modular Integration of Cutting-Edge Technologies: Based on the Guiding Opinions
on the Coordinated Development of Intelligent Construction and Building Industrial-
ization, a "technology-to-curriculum" conversion mechanism is established. This
mechanism deconstructs the policy framework for intelligent construction (MO-
HURD's 2020 Coordinated Development Guiding Opinions) into six dynamic curric-
ulum clusters, such as "BIM Full-Lifecycle Application." By developing an ISO
19650 standard converter (incorporating 12 national standards, including GB/T
51235), a three-dimensional mapping matrix (X-axis: Standard System, Y-axis:
Technology Modules, Z-axis: Competency Dimensions) is created to link "industry
technology capabilities — educational supply quality." This forms a "standards —
technologies — curricula" mapping mechanism, bridging theoretical gaps in the edu-
cational translation of technical standards.

Interdisciplinary Integration Cross-Disciplinary Convergence: Establish interdisci-
plinary courses such as "Smart Construction + Big Data Analytics" to break down
disciplinary barriers and construct a "knowledge symbiont" integrating civil engi-
neering with emerging disciplines. This design aligns with the reform mandate of
"breaking disciplinary boundaries and deepening New Engineering Education”, while
implementing the technical roadmap of "promoting deep integration between con-
struction and digital economy" outlined in Yunnan Province's 14th Five-Year Plan for
Construction Industry Development. The "n-shaped competency framework"[®! formed
through curriculum cross-selection mechanisms demonstrates stronger adaptability to
the compound competency requirements of the intelligent construction era compared
to traditional T-shaped talent models.

Regional Characteristic Enhancement Region-Specific Content Intensification:
Anchored in Yunnan's "Three Positioning Strategy", this initiative transforms regional
ecological resources into new drivers for green construction. Leveraging the prov-
ince's "Plant Kingdom" advantage, we systematically develop curriculum modules on
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biomass building materials (e.g., sisal-based composites) and innovate teaching units
for "Digital Regeneration of Intangible Cultural Heritage Construction Techniques",
achieving paradigm shifts in 26 traditional ethnic architectural practices through
modern ecological engineering methods. Through collaborative establishment of the
China-ASEAN Green Building Materials Joint Laboratory, we have constructed a
whole-life-cycle carbon accounting system for buildings and developed a
"Lancang-Mekong Standard Mutual Recognition + Multilingual BIM Technology"
pedagogical resource package. The "Cross-border Engineering Scenario-based
Teaching Workshops" convert 12 signature projects (e.g., China-Laos Railway) into
competency-building platforms, creating a novel cultivation chain: "Ethnic Architec-
tural Gene Decoding — Green Technology R&D — International Standard Export".
This approach ensures talent development aligns with eco-construction demands
along the Belt and Road Initiative, establishing a bidirectional empowerment model
that synergizes ethnic cultural preservation and global industrial collaboration.

4.2 Multi-Stakeholder Collaborative Education Mechanism

Contractual Governance Model: A collaborative governance committee structured as
"government-guided, enterprise-driven, and university-supported" has been estab-
lished, with the innovative implementation of a Four-Dimensional Incentive Compat-
ibility Mechanism (policy incentives, economic incentives, career development incen-
tives, and innovation incentives). This mechanism implements the reform require-
ments to "improve vocational education and training systems and optimize policy
environments for enterprise participation". Through institutional innovations such as
R&D tax deductions for corporate mentor compensation, it forms a governance para-
digm for industry-education integration with distinct Chinese characteristics.

Full-Cycle Practical Training System: A progressive learning chain of "virtual
simulation — field internship — collaborative R&D" has been established, imple-
menting the mandate of China’s National 14th Five-Year Plan for Construction In-
dustry Development to "build new-type industrialized construction training bases".
Provincial-level industry-education integrated training bases incorporate immersive
instructional technologies such as BIM modeling, while their cognitive progression
pathway of "embodied cognition — situated cognition — distributed cognition" rein-
forces the novel applications of experiential learning theory in engineering educa-
tion’s digital transformation.

International Talent Development Pathway: The cross-border training base lever-
aging the China-Laos Railway Economic Belt serves as a practical extension of the
initiative to "advance high-quality development of the Belt and Road Initiative". The
"Chinese Language + Vocational Skills" international certification program, propelled
through a tripartite framework of "standard co-creation — credit reciprocity — cul-
tural integration", effectively resolves institutional friction in the global dissemination
of technical standards. This initiative provides a strategic talent anchor for Yunnan
Province’s goal of establishing a "regional radiation center" under its 14th Five-Year
Plan.
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4.3 Digital-Empowered Teaching Model

Reengineered Pedagogical Scenarios: The development of an "Integrated
BIM-GIS-IoT Virtual Construction Platform" responds to the critical mandate of
"expediting digital transformation in the construction sector" specified in Chi-
na's National 14th Five-Year Plan for Construction Industry Development. By con-
structing a "Digital Twin-Powered Educational Ecosystem", this platform enables
risk-immune trial-and-error pedagogy through visualized simulation of construction
timelines, thereby materializing the national digital strategy to "revolutionize educa-
tional philosophies and reinvent pedagogical paradigms via information technolo-
gies".

Data-Driven Competency Assessment: A dynamic competency profiling system
integrated with provincial engineering approval systems has been developed, incor-
porating 32 evaluation metrics derived from real-world project data. This innovation
implements the mandate of China's National Vocational Education Reform Imple-
mentation Plan to "establish a vocational education quality evaluation system". The
Practice Trace Analysis (PTA) methodology demonstrates 37% higher ecological
validity than traditional standardized testing, establishing a new paradigm for intelli-
gent construction talent evaluation.

Cloud-Based Pedagogical Resource Platform: Integrating authoritative datasets
from the Ministry of Housing and Urban-Rural Development (MOHURD), this prov-
ince-wide digital repository achieves real-time alignment between educational re-
sources and industry advancements through its knowledge acquisition-intelligent fil-
tering-targeted delivery workflow. Leveraging data crawling and semantic parsing
technologies, the platform dynamically generates domain-specific construction
knowledge graphs and enables precision resource allocation via Al-driven learner
profiles, effectively addressing the chronic lag in traditional textbook updates. Its
operational architecture embodies the strategic imperatives of "establishing net-
worked, digitized, and personalized educational systems" (State Council, 2022), of-
fering a replicable framework for designing digitally transformed vocational learning
environments.

4.4  Closed-Loop Feedback Quality Assurance

Dynamic Monitoring Mechanism: The implemented "Employment Quality — Talent
Demand — Curriculum Optimization" feedback ecosystem institutionalizes the re-
form mandate for demand-driven talent cultivation adjustment. Employing big data
analytics for competency gap identification, this methodology demonstrates 23.6%
higher prediction accuracy compared to conventional survey models, providing tech-
nical substantiation for China's /4th Five-Year Plan initiative to "establish construc-
tion industry talent supply-demand early-warning systems".

Certification Assessment System: The implemented "Academic Credentials +
Technical Competency"” dual certification framework synergistically integrates inter-
national standards with corporate technical specifications. This co-embedded stand-
ards  architecture = operationalizes = China's "Standards  Internationalization
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2035" strategy while ensuring precision alignment between talent development and
industrial demands through a 70% corporate technical weight in certification crite-
ria—validated by 2023 MOHURD npilot data showing 31% reduction in enterprise
retraining costs.

Policy Synergy Innovation: The developed legislative coherence framework ena-
bles institutional synergy between China's revised Vocational Education Law (2022)
and regional development policies (e.g., National New-Type Urbanization Plan
2021-2035). Through smart incentive engineering combining tax credit incentives (up
to 15% R&D expenditure offset) with PPP-based talent retention mechanisms, this
model transforms central directives on technical skills assurance into prov-
ince-specific implementation blueprints, achieving 83% policy adoption rate across
17 pilot provinces (2023 MoHRSS data). The resultant policy leverage matrix
demonstrates replicable governance patterns compliant with OECD's Skills Strategy
Dashboard 2024 indicators.

5 Conclusion

This study demonstrates that establishing digitalized pedagogical scenarios coupled
with standard conversion-certification mechanisms can effectively mitigate structural
imbalances in talent supply and demand. The Digital Twin Educational Ecosystem
achieved a 47% efficiency enhancement in transforming construction entity data into
pedagogical resources, catalyzing the transition from traditional training models to a
dual-driven paradigm integrating "technical standard translation" and "digital capabil-
ity cultivation."The cross-border engineering scenario-based teaching modules vali-
dated an innovative "global standard export + cultural adaptability training”" frame-
work. The resultant collaborative network exhibited 92% topological alignment with
the Dynamic Coupling Theory of German Dual Vocational Education!”!. Specifically,
this system provides scalable industry-education integration solutions for southwest-
ern border provinces in China.

Funded Project

The project outcome of "Construction of Integrated Curriculum and Textbook System
for Emerging Engineering Disciplines" from the Undergraduate Education and
Teaching Reform Research Project of Oxbridge College of Kunming University of
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