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1. Introduction

Abstract

Digital-intelligent transformation constitutes a core driver for disruptive innovation
in manufacturing. On the basis of clarifying the connotation of disruptive innova-
tion in the digital-intelligent era, this paper reviews research progress on disruptive
innovation and innovation ecosystems, and thoroughly examines the policy envi-
ronment for manufacturing in Hunan Province. The study identifies a prominent
“innovation paradox” embedded in existing policies: widespread digital adoption
has failed to effectively generate disruptive breakthroughs. The root cause lies in
the bias of policy supply toward equipment technological transformation rather than
digital-intelligent public goods, and toward stabilizing established applications ra-
ther than supporting trial-and-error under tolerance mechanisms. Accordingly, this
paper constructs a policy analytical framework of “technology supply — demand
traction — ecological optimization”. It further proposes countermeasures including
launching special programs for “non-consensus” disruptive technologies, establish-
ing a traction mechanism oriented toward “future scenarios”, deploying industrial
data federated nodes, and rebuilding the training system for “digital-intelligent
skilled workers”. The research aims to deliver a policy path for asymmetric catch-
up as Hunan endeavors to build a national hub of advanced manufacturing.
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With the deep integration of new-generation information technologies such as big data, artificial intelligence and
industrial internet into the real economy, global manufacturing is undergoing a paradigm shift from “automation” to
“digital intelligence”. This represents far more than a linear iteration of production tools; it entails disruptive recon-
struction of product definition, R&D models and value networks. As a pivotal manufacturing hub in Central China,
Hunan is pursuing the blueprint of the “Three Highs and Four New” strategy and striving to build a nationally im-
portant advanced manufacturing highland. Nevertheless, leading sectors represented by construction machinery and
rail transit equipment rank among the nation’s front runners in intelligent retrofitting, yet remain trapped by bottle-
necks in “root technologies” such as underlying industrial software and high-end hydraulic component modeling.
Christensen (1997) argued in his classic theory that disruptive innovation often emerges from fringe markets or
non-mainstream users and ultimately reshapes competitive landscapes. The advent of the digital-intelligent era has
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drastically shortened the timespan of this process. For Hunan, a critical theoretical and practical challenge emerges:
how to advance policy innovation to shift growth drivers relying on scale expansion of leading enterprises toward
stimulating disruptive breakthroughs across the whole industrial chain. Existing literature mostly focuses on digitally
native economic regions including the Yangtze River Delta and the Guangdong—Hong Kong—Macao Greater Bay
Area, while discussions on policies enabling inland manufacturing hubs to realize asymmetric catch-up amid digital-
intelligent waves remain insufficient. Grounded in Hunan’s realities, this paper identifies structural defects within
the current policy toolkit and seeks to construct a policy supply system for disruptive innovation adaptable to the
characteristics of the digital-intelligent era.

2. Theoretical Framework of Disruptive Innovation in the Digital-intelligent Era
2.1 Evolution of the Connotation of Disruptive Innovation

Innovation in traditional manufacturing follows a unidirectional linear process: basic research — applied develop-
ment — pilot test and mass production. Enabled by virtual simulation, data-driven decision-making and networked
collaborative platforms, digital-intelligent technologies deconstruct this linear workflow into a parallel, iterative and
self-organized complex network. Drawing on research ideas of ambidexterity theory, resource bricolage theory and
dynamic capability theory in innovation studies, disruptive innovation theory witnesses interdisciplinary integration
across macro-meso economic growth, innovation and industrial policies, as well as micro-level innovation practices.
Macro and meso driving mechanisms of disruptive innovation mainly include innovation-driven, vision-driven, par-
adigm-driven, and value chain-driven pathways. Triggering mechanisms of micro-level disruptive innovation prac-
tices fall into positive triggers represented by technology and market drivers, and reverse triggers stemming from
institutional and resource constraints. Positive triggers demonstrate relatively static features. For instance, technol-
ogy-driven upstream value chain links relying on new technologies and new products generally facilitate high-end
disruption, which can take shape in both mainstream and segmented markets. Market-driven midstream and down-
stream value chain links adopting new models and emerging markets usually generate low-end disruption, concen-
trated in low-end or emerging markets. However, positive triggers may evolve dynamically under the influence of
reverse triggers. Typical cases include segmented markets evolving into mainstream markets and low-end disruption
upgrading into high-end disruption (Yang & Luo, 2024).

2.2 Dimensions for Identifying Disruptive Innovation in Hunan’s Manufacturing Industry

Combined with Hunan’s industrial context, disruptive innovation manifests itself along three dimensions. First, tech-
nological trajectory disruption: for example, the transition of construction machinery from fuel hydraulic drive to
pure electric, hydrogen energy, and embodied intelligence. Second, value network disruption: industrial internet plat-
forms enable businesses to shift from “selling equipment” to “selling services and data”, and intelligent maintenance
fundamentally replaces the traditional spare parts aftermarket. Third, manufacturing model disruption: generative Al-
enabled integrated forming of non-standard components challenges traditional casting, forging, and welding process
systems. Breakthroughs along all three dimensions hinge heavily on in-depth penetration and indigenous innovation
of digital-intelligent technologies.

3. Literature Review
3.1 Innovation Ecosystem and Government Policies

Moore (1993) first proposed the concept of the innovation ecosystem. Since then, scholars have conducted in-depth
research from perspectives such as ecological niches and biological metaphors, including population competition;
meanwhile, they expanded the research scope to refine network relationships within systems (Bacon et al., 2020).
Relevant studies have extended into technological innovation, organizational management, and value reconstruction.
With growing openness of industrial innovation activities and the evolution of knowledge production modes, the
innovation ecosystem has developed from the triple helix of “government—industry—university—research institute” to
the quadruple helix of “government—industry—university—research institute—end user”. As industrial innovation eco-
systems evolve dynamically, modes and intensity of government intervention change synchronously. Policy instru-
ments provide fundamental guarantees for system operation (Wu et al., 2020). Governments cultivate a sound inno-
vation ecosystem via fostering innovation environments and nurturing scientific talents. In parallel, demand-side
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policies strengthen the role of users to boost the development of innovation ecosystems. From the perspective of
niche fitness, scholars select panel data of 41 prefecture-level cities in the Yangtze River Delta during 2010-2023,
construct a disruptive innovation ecosystem covering “technology — application — ecology”, and empirically investi-
gate the impact mechanism of disruptive innovation ecosystem fitness on new quality productive forces (Wang &
Wu, 2026).

3.2 Disruptive Innovation and Innovation Ecosystems

Christensen (1995) categorized disruptive innovation into low-end disruption and new-market disruption. Low-end
disruption refers to enterprises at the lower end of value chains gaining competitive advantages by improving the
added value of products and services; new-market disruption denotes developing new products to trigger entirely
new market demand. Disruptive innovation has thereafter become a prominent research topic covering technological
disruption and business model disruption. Disruptive technological innovation can be divided into two types: one
realizes new technological application domains through technological trajectory transition and features originality
and frontier nature; the other achieves disruptive outcomes via scenario innovation and application with cross-cutting
and breakthrough characteristics. Disruptive business model innovation creates tremendous customer value by re-
structuring transaction modes and architectures (Li et al., 2021).

Innovation paradigms have evolved from closed Innovation 1.0 and open Innovation 2.0 to symbiotic Innovation
3.0. In the Innovation 1.0 and 2.0 eras, technological innovation by knowledge-intensive enterprises drives iterative
upgrading of business models, while business model innovation of service-oriented enterprises guides technological
progress. In the Innovation 3.0 era, successful disruptive innovation relies more on dynamically open innovation
ecosystems, wherein disruptive technological innovation and business model innovation demonstrate co-evolution
mechanisms. Based on the matching between the dual-track technological structure and business model innovation,
Zhang et al. (2021) constructed a disruptive innovation ecological model for the integrated circuit industry. Nthubu
et al. (2019) depicted the role of innovation ecosystems in enabling enterprises such as Amazon to accomplish dis-
ruptive innovation. Some scholars built an innovation ecosystem model incorporating quantum metaphors. Through
overlapping “demand-environment-supply” policy instruments and coordinated “government-market-society” incen-
tive networks, a full-cycle path covering technology identification, iterative upgrading, industrial adjustment, and
globalization is formed, offering theoretical support for relevant practice promotion (Luo et al., 2026).

3.3 Research Commentary

Reviewing domestic and international academic literature reveals abundant existing achievements that lay critical
theoretical and methodological foundations for this research. Nevertheless, research gaps remain to be addressed:

1) Insufficient depth: A unified theoretical framework for disruptive innovation theory has not taken shape, limiting
its explanatory power toward systematic integration demands in manufacturing.

2) Weak synergy research: Studies exploring policy synergies are scarce. Policy evaluation mostly focuses on
supply-side and environmental instruments, whereas mechanisms of demand-side instruments and combined policy
effects receive limited attention.

3) Lack of systematic analysis: Few existing studies systematically explore ecological construction for manufac-
turing disruptive innovation driven by digital-intelligent integration in Central China from holistic and operable per-
spectives.

4. Current Status and Policy Bottlenecks of Digital-intelligent Innovation in Hunan’s Manufac-
turing Industry

4.1 Foundational Advantages and Phased Achievements

Hunan’s manufacturing sector possesses solid foundations for digital-intelligent transformation. In infrastructure, the
National Supercomputing Center in Changsha, Furong Cloud Valley, and extensively covered 5G networks constitute
a robust computing power base. On the scenario front, as China’s largest manufacturing base for construction ma-
chinery and a hub for rail transit equipment R&D, massive industrial data and complex operating conditions provide
unique materials for technological iteration. In recent years, policies including the Regulations on Promoting Ad-
vanced Manufacturing in Hunan Province have been successively issued by the Hunan Provincial Department of
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Industry and Information Technology (2022). Factories such as Sany Heavy Industry No.18 Plant and Bosch Chang-
sha have been certified as global Lighthouse Factories, demonstrating Hunan’s leading position in applied intelligent
manufacturing.

4.2 The “Innovation Paradox” and Policy Bottlenecks in the Digital-intelligent Era

Despite remarkable progress, Hunan’s manufacturing industry faces a notable “innovation paradox”: higher digitali-
zation does not translate into stronger momentum for disruptive innovation. Underlying this paradox are three struc-
tural bottlenecks embedded in current policy instruments.

(1) Supply-side policies: Prioritizing hardware investment over public goods: An overview of capital allocation
under Hunan’s provincial special manufacturing funds reveals that funding mainly targets equipment subsidies, tech-
nological transformation interest discounts, and platform rewards. Such equipment-oriented supply policies effec-
tively popularize mature technologies yet hardly foster disruptive breakthroughs. Genuine disruptive innovation re-
quires digital public goods such as industrial mechanism models, open-source datasets, and testing and verification
platforms. At present, Hunan lacks specialized new R&D institutions and supporting funds dedicated to tackling
underlying technologies in the digital-intelligent era.

(2) Demand-side policies: Insufficient openness of innovation scenarios: Disruptive technologies frequently strug-
gle to access initial application scenarios. Hunan’s current “first set of equipment” policy generates positive effects
yet mainly offers product subsidies without systematic scenario-based procurement. For example, pilot risk tolerance
thresholds remain high for forward-looking products including unmanned mining vehicles and robots for major un-
derground engineering. No detailed liability exemption rules for trials of disruptive technologies have been formu-
lated across audit, disciplinary inspection and safety supervision procedures.

(3) Environmental policies: Mismatches between data rights and talent structure: In terms of data factors, Hunan
released measures governing registration of data intellectual property rights in 2023. However, ambiguous ownership
definition and trading rules for unstructured data such as industrial time-series data and machine vibration data dis-
courage enterprises from sharing core process data for joint AI modeling. Regarding talent, although Hunan hosts
prestigious universities including National University of Defense Technology and Central South University, it suffers
brain drain of digital-intelligent talents and difficulties retaining traditional skilled workers. Compound “digital-in-
telligent skilled workers” proficient in both mechanical manufacturing and algorithm modeling are in extreme short-
age, while existing talent policies contain blank spaces concerning identification and subsidies for such “grey-collar”
professionals.

5. Multi-dimensional Pathways for Optimizing the Policy System

To address the above bottlenecks, Hunan must build an asymmetric catch-up-oriented policy toolkit and shift from
selective support to functional empowerment. Optimized pathways concentrate on four dimensions as follows.

5.1 Explore “Non-consensus” Screening Mechanisms to Restructure Technology Supply Policies

Disruptive innovation often faces “non-consensus” judgments at early stages and cannot be identified through con-
ventional peer review. Hunan should set up a dedicated track for disruptive technologies within provincial major
science and technology special projects. Drawing on the experience of DARPA in the United States, a program man-
ager responsibility system shall be implemented, where strategic scientists with profound industrial insights and for-
ward-looking technological vision enjoy full authority in selecting and dynamically adjusting projects. Priority sup-
port shall be directed toward root technologies likely to rewrite competition rules, such as bionic intelligent design
software for special equipment and additive manufacturing control algorithms for advanced composite materials.
Meanwhile, the existing “expert-defined problems” open bidding system shall be upgraded into “frontline-defined
problems”: collect “impossible triangle” pain points encountered by workshop engineers across Hunan and invite
global Al algorithm teams to deliver solutions, enabling digital-intelligent technologies to reconstruct the underlying
physical logic of manufacturing.

5.2 Launch a “Future Scenario” Traction Program to Innovate Demand-side Policies

Demand serves as the most effective catalyst for disruptive innovation, requiring policies to shift from subsidizing

DOI: 10.26855/jhass.2026.07.011 809 Journal of Humanities, Arts and Social Science



Zhongping Shen

finished products toward purchasing early-stage verification services. Building on the successful experience of the
Changsha Intelligent Connected Vehicle Test Zone, a special unmanned operation test zone for underground space
digital intelligence shall be established. Within this zone, the government funds and builds a high-fidelity digital twin
environment open to global innovators for free testing. The core breakthrough lies in establishing mechanisms for
safety liability exemption and shared innovation risks: losses arising from equipment malfunctions caused by imma-
ture technologies rather than intentional negligence during tests of unmanned mining trucks and rescue robots shall
be covered by a provincial innovation risk compensation fund and excluded from routine work safety assessments.
Additionally, provincial industrial funds shall partner with original equipment manufacturers such as Zoomlion and
Sunward Intelligent Equipment to conduct joint initial procurement of promising start-ups, bridging the “valley of
death” via tangible orders.

5.3 Build a Digital-intelligent “Industrial Commons” to Strengthen Ecological Environmental Policies

The deep competitiveness of manufacturing is rooted in shared “industrial commons”. To this end, Hunan shall ini-
tiate the establishment of the Hunan Academy of Digital-Intelligent Manufacturing. As a statutory institution con-
trolled by state-owned capital with multi-party shareholding and market-oriented operation, it specializes in “mun-
dane yet essential work™ such as constructing general industrial algorithm libraries, industrial knowledge graphs, and
data cleansing and labeling. The academy shall formalize and code tacit craftsmanship knowledge within Hunan’s
competitive industries (e.g., vibration and noise reduction in rail transit, micro-control of cemented carbides). For
data circulation, addressing enterprises’ reluctance to share core data, the Department of Industry and Information
Technology shall promote the construction of industrial data federated learning nodes. Powered by privacy-preserv-
ing computing technologies, competitors can jointly train vertical industrial large models without disclosing confi-
dential business information. Data remains within factory premises, yet intelligence spreads beyond individual equip-
ment.

5.4 Cultivate a Cohort of “Digital-intelligent Skilled Workers” and Improve Factory Support Policies

Disruptive innovation originates not only from academicians but also from frontline welders proficient in coding and
programmers mastering manufacturing craftsmanship. Breaking the overemphasis on academic credentials, Hunan
shall launch special allowances for digital-intelligent skilled workers under the “new eight-grade worker” system.
Achievements including industrial APP development and predictive maintenance model tuning shall be incorporated
into talent evaluation criteria for direct recognition as “Hunan Craftsmen” with corresponding housing subsidies.
Furthermore, a dual-affiliate and dual-hire system for cross-border talents shall be rolled out to build a revolving door
between universities and enterprises: allowing computer professors from Central South University and Hunan Uni-
versity to retain university appointments while serving as chief data scientists in manufacturing enterprises. A special
program shall recruit algorithm engineers retired from National University of Defense Technology into manufactur-
ing firms as civil-military integration digital-intelligent transformation specialists, establishing critical talent links
connecting cutting-edge military digital technologies with profound industrial scenarios.

6. Conclusion

The digital-intelligent era unlocks an asymmetric catch-up pathway for Hunan’s manufacturing industry distinct from
that of pioneering regions. It demands a profound transformation of policy philosophy from “certainty-oriented gov-
ernance” to “uncertainty tolerance”. Future policy design must properly handle three sets of relationships. First, the
relationship between “large trees” and “grass”: constructing industrial data commons supports chain-leading enter-
prises while preventing digital feudalism and preserving ecological niches for emerging disruptive forces. Second,
the relationship between compliance and tolerance: special policy sandboxes covering audit, disciplinary inspection
and fiscal performance evaluation shall be tailored for disruptive innovation, replacing rigid procedural compliance
assessment with evaluation based on innovation outcomes. Third, the relationship between hardware equipment and
soft capabilities: fiscal subsidies shall steadily shift focus from physical machinery toward industrial software, algo-
rithm models and compound talent. Only in this way can Hunan foster globally influential digital-intelligent native
manufacturing clusters across the province.
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