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Abstract 

By constructing a system dynamics (SD) model of how mission-oriented innovation con-

sortia empower the development of future industries, this study reveals the internal 

causal structure and dynamic evolution mechanism of the system in the process of multi-

actor collaborative innovation. The results show that, throughout the simulation period, 

innovation consortia exert a sustained positive enabling effect on the development of fu-

ture industries, mainly reflected in the expansion of industrial market demand, the accu-

mulation of core technology breakthroughs, and the increase in the added value of the 

future industrial chain. Value co-creation intensity, patent resource complementarity, and 

technological adaptability jointly constitute the key mechanisms through which innova-

tion consortia empower future industries. These mechanisms are coupled through multi-

ple feedback paths, thereby maintaining the continuous evolutionary momentum of the 

system. From a system dynamics perspective, this study characterizes the dynamic inter-

action process and nonlinear evolutionary features between innovation consortia and fu-

ture industry development, enriches the relevant theoretical framework, and provides a 

dynamic simulation basis for policy design related to future industries. 

Keywords: innovation consortia; future industries; value co-creation; collaborative  

innovation; patent resource complementarity 

 

1. Introduction 

Against the backdrop of an accelerated transformation in global high-tech para-

digms, innovation has become a fundamental driving force for industrial upgrading, tech-

nological paradigm shifts, and the restructuring of complex industrial ecosystems [1,2]. 

However, as an important carrier of the new round of technological revolution and in-

dustrial transformation, future industries are inherently characterized by high technolog-

ical uncertainty, market volatility, and systemic complexity. It is increasingly difficult for 

a single firm to independently bear the innovation resources, organizational capabilities, 

and trial-and-error costs required for long-term technological breakthroughs [3]. As tech-

nological boundaries become increasingly blurred, collaborative innovation among het-

erogeneous actors has gradually become an important mechanism for addressing sys-

temic uncertainty and promoting the evolution of socio-technical systems [4]. 

Academic Editor: Federico Barnabè 

Received: 22 May 2026 

Revised: 20 June 2026 

Accepted: 27 June 2026 

Published: 1 July 2026 

Copyright: © 2026 by the authors. 

Licensee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license. 

https://doi.org/10.3390/systems14070762
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Systems 2026, 14, 762 2 of 37 
 

https://doi.org/10.3390/systems14070762 

In this context, multi-actor innovation consortia, as a form of cross-organizational 

and cross-domain collaborative innovation, have attracted increasing scholarly attention 

[5]. This study does not focus on market-oriented R&D alliances in a general sense, but 

rather on mission-oriented innovation consortia in the context of major national strategic 

technological tasks. Such consortia are guided by national strategic tasks and aim to 

achieve core technology breakthroughs and cultivate future industries. Through govern-

ment guidance, leading-firm organization, support from universities and research institu-

tions, and collaboration among upstream and downstream actors in the industrial chain, 

they integrate dispersed knowledge, technologies, and innovation resources. Compared 

with traditional R&D alliances, mission-oriented innovation consortia combine strategic 

orientation, organizational coordination, and public risk sharing. They can help bridge 

the transformation gap between technological supply and industrial demand in highly 

uncertain technological contexts [6], thereby promoting core technology breakthroughs 

and upgrading the industrial value chain. 

The research context of this study focuses on future industries driven by the evolu-

tion of general-purpose technologies, including technology-intensive fields such as next-

generation artificial intelligence, large model ecosystems, and humanoid robots [7]. These 

future industries are usually characterized by intensive frontier R&D investment, unstable 

technological trajectories, immature industrial chain support systems, delayed commer-

cialization returns, and sensitivity to external shocks. In particular, during the transition 

from laboratory research to pilot testing and then to large-scale industrial application, fu-

ture industries often face significant technology transfer delays and the “valley of death” 

problem [8]. Therefore, their development cannot rely entirely on spontaneous market 

mechanisms. Instead, mission-oriented innovation consortia are needed at critical points 

to conduct strategic resource orchestration, cross-domain knowledge recombination, and 

collaborative technology transfer [9]. 

Although existing studies have examined multi-actor collaborative innovation and 

its organizational governance, there remains insufficient explanation of how mission-ori-

ented innovation consortia dynamically empower the evolution of future industries. Most 

existing studies adopt static analytical frameworks, case narratives, or partial governance 

perspectives, focusing on the formation motives, governance structures, or collaboration 

modes of innovation consortia [10–12]. Traditional strategic management and alliance the-

ories can effectively explain the initial motivations for why innovation consortia are 

formed [10,13,14], but they provide limited explanations of the long-term dynamic feed-

back mechanisms among internal value co-creation intensity, resource allocation, techno-

logical collaboration, collaborative resistance, and external shocks. Therefore, the causal 

feedback structure, multi-loop nonlinear interactions, and cumulative delay effects 

through which innovation consortia empower future industry development remain to be 

further characterized. 

From the perspective of socio-technical system transition, future industries are not 

simply an aggregation of isolated industrial categories. Rather, they should be understood 

as complex adaptive systems jointly shaped by policy guidance, knowledge circulation, 

technological adaptability, market diffusion, and organizational learning [15]. Their evo-

lutionary process features strong nonlinearity, path dependence, and reinforcing feedback. 

Traditional linear regression models or static game frameworks are insufficient for cap-

turing system-level interactions among heterogeneous actors under long-cycle delays and 

multiple feedback effects. To address these limitations, this study introduces the system 

dynamics (SD) method and constructs a dynamic simulation model of how mission-ori-

ented innovation consortia empower future industry development. The model incorpo-

rates national strategic support, value co-creation intensity, patent resource complemen-

tarity, collaborative innovation efficiency, and collaborative resistance into a unified ana-
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lytical framework, so as to reveal the dynamic mechanism through which innovation con-

sortia drive the evolutionary transition of future industries. 

The marginal contributions of this study are mainly reflected in three aspects. First, 

at the theoretical level, this study defines mission-oriented innovation consortia as com-

plex adaptive collaborative systems that support the evolution of future industries. It em-

phasizes the dynamic coupling among national strategic support, micro-level collabora-

tive resistance, and uncertainty in future industries, thereby extending the explanatory 

boundary of mission-oriented innovation governance research. Second, at the methodo-

logical level, this study introduces an SD simulation framework to characterize multiple 

feedback loops, structural delays, and nonlinear cumulative mechanisms in the process 

through which innovation consortia empower future industry development, thus ad-

dressing the limitations of existing static analytical methods in explaining long-term dy-

namic evolution. Third, at the practical level, this study provides systematic implications 

for government departments and industry-leading enterprises to optimize the governance 

of future industries. It helps identify key policy levers, improve cross-organizational co-

ordination mechanisms, and enhance the adaptability and resilience of future industry 

innovation systems. 

2. Literature Review and Theoretical Framework 

2.1. Conceptual Definition and Review of Related Studies 

Mission-oriented innovation consortia are important organizational carriers in mi-

cro-level industrial innovation practices [13]. To clarify the boundary of the research ob-

ject, this study distinguishes mission-oriented innovation consortia from ordinary mar-

ket-oriented R&D alliances and traditional industry–university–research alliances. Alt-

hough all three types of organizations involve cross-actor collaborative innovation, they 

differ significantly in driving logic, value orientation, organizational boundaries, risk 

sharing, and modes of achievement transformation (see Table 1). Compared with ordinary 

market-oriented R&D alliances, mission-oriented innovation consortia are not driven 

solely by short-term commercial returns, but also carry national strategic objectives, in-

dustrial chain security objectives, and future technological competition objectives. Com-

pared with traditional industry–university–research alliances, their organizational 

boundaries are more open, their coordination levels are more complex, and fiscal support, 

institutional coordination, and technology transfer mechanisms are more prominent. 

Table 1. Comparison of heterogeneous innovation alliances. 

Dimension 
Ordinary Market-Oriented 

R&D Alliance 

Traditional Industry–University–

Research Alliance 

Mission-Oriented Innovation Con-

sortia 

Driving core 
market interests and techno-

logical complementarity 

staged project cooperation and 

university achievement transfor-

matio 

dual drive of national strategic objec-

tives and market mechanisms 

Value orienta-

tion 

short-term commercial re-

turns and partial competitive 

advantage 

knowledge spillover, talent culti-

vation, and paper or patent out-

puts 

core technology breakthroughs, in-

dustrial chain value, and future in-

dustry cultivation 

Organiza-

tional bound-

ary 

relatively clear boundaries, 

mainly based on contractual 

alliances 

relatively loose boundaries, mostly 

point-to-point horizontal coopera-

tion 

dynamic embedding across actors, 

fields, and stages, with strong vertical 

coordination 

Risk sharing 

mainly borne by alliance 

members, with relatively low 

risk preference 

mainly borne by universities or re-

search actors, with high uncer-

tainty in achievement transfor-

mation 

shared by public finance, leading en-

terprises, and research actors, ori-

ented toward highly uncertain fron-

tier technologies 
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Transfor-

mation char-

acteristics 

mainly incremental techno-

logical improvement, with a 

relatively short commerciali-

zation cycle 

transformation gaps easily arise 

between laboratory achievements 

and production lines 

crossing the “valley of death” through 

full-life-cycle collaboration and pilot-

scale transformation mechanisms 

Applicable 

context 

technological improvement 

and product development in 

mature industries 

university achievement transfor-

mation and general industry–uni-

versity–research cooperation 

core technology breakthroughs, stra-

tegic emerging industries, and future 

industry cultivation 

Therefore, the mission-oriented innovation consortia examined in this study refer to 

cross-organizational, cross-domain, and cross-stage collaborative innovation networks 

guided by national strategic tasks. They are usually led by leading enterprises, chain-lead-

ing enterprises, or key platform organizations, and involve universities, research institu-

tions, government departments, technology intermediary agencies, and upstream and 

downstream enterprises in the industrial chain. These actors collaborate around core tech-

nology breakthroughs, major industrial bottlenecks, and the cultivation of future indus-

tries. The process through which they empower future industry development is essen-

tially a dynamic evolutionary process jointly shaped by national strategic support, market 

incentives, organizational coordination, technological adaptability, and industrial value 

creation. 

Specifically, the uniqueness of mission-oriented innovation consortia is mainly re-

flected in three aspects. First, their objective function is strategic. They not only pursue 

economic returns, but also undertake tasks such as catching up in key technologies, main-

taining industrial chain security, and cultivating future industries. Second, their organi-

zational structure is complex. They need to form a network structure that combines verti-

cal coordination and horizontal collaboration among government, enterprises, universi-

ties, research institutions, and technology intermediary agencies. Third, their evolution-

ary process is nonlinear. It is driven by positive mechanisms such as fiscal expenditure, 

knowledge sharing, and patent resource complementarity, while also being constrained 

by negative mechanisms such as interest conflict, collaborative resistance, and external 

technological shocks. 

Therefore, mission-oriented innovation consortia are not merely an extension of gen-

eral innovation alliances. Rather, they are a new type of innovation organization charac-

terized by embedded strategic objectives, complex organizational networks, significant 

technology transfer delays, and multiple feedback mechanisms. If the theoretical frame-

works of ordinary market-oriented R&D alliances or traditional industry–university–re-

search alliances are directly applied, the distinctive features of mission-oriented innova-

tion consortia, such as strong strategic guidance, long technological delays, high organi-

zational complexity, and public risk sharing, may be overlooked, resulting in insufficient 

explanation of the evolution of future industries. This constitutes the entry point of this 

study: under the high uncertainty of future industries, how mission-oriented innovation 

consortia generate enabling effects through mechanisms such as national strategic sup-

port, value co-creation intensity, patent resource complementarity, collaborative innova-

tion efficiency, and technological adaptability. 

On the other hand, the future industries examined in this study are emerging indus-

trial forms driven by frontier technological breakthroughs, located in the incubation stage 

or the early stage of industrialization, and characterized by high technological uncertainty, 

market uncertainty, and paradigm-disrupting potential. Their development usually in-

volves long R&D cycles, unstable technological trajectories, incomplete industrial chain 

support, and delayed commercialization returns. Therefore, such industries are not 

merely extensions of mature industries in a general sense, but strategic industrial forms 

that rely more heavily on original innovation, interdisciplinary knowledge integration, 
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and organized technological breakthroughs. Accordingly, the relationship between mis-

sion-oriented innovation consortia and future industries is not a simple input–output re-

lationship, but rather involves multiple mechanisms such as multi-actor collaboration, 

knowledge flows, technology diffusion, market traction, and reinforcing feedback. 

Existing studies on the above issues mainly focus on the following three aspects: 

First, studies on mission-oriented innovation policy and innovation alliance govern-

ance. As mission-oriented innovation policy has received increasing attention, related re-

search has gradually shifted from the analysis of traditional industrial policy tools to the 

organizational mechanism through which national strategic objectives are transformed 

into cross-actor collaborative actions [16]. Existing literature emphasizes that mission-ori-

ented innovation policy can promote collaborative innovation among governments, en-

terprises, universities, and research institutions around major technological objectives 

through strategic task setting, public resource allocation, and risk-sharing mechanisms 

[17]. These studies provide an important theoretical basis for understanding national stra-

tegic support, fiscal expenditure, and organizational coordination. However, existing 

studies focus more on macro-level policy design, the role of the public sector, or the selec-

tion of strategic missions [18], while paying insufficient attention to the micro-level oper-

ating mechanisms within mission-oriented innovation consortia. In particular, mission-

oriented innovation consortia are characterized by strong actor heterogeneity, large dif-

ferences in objective functions, complex intellectual property allocation, and high coordi-

nation costs, which may easily give rise to interest conflict, opportunistic behavior, and 

free-riding behavior [19,20]. Existing literature still provides limited dynamic characteri-

zation of how these internal frictions affect collaborative innovation efficiency, core tech-

nology breakthroughs, and long-term industrial evolution. 

Second, studies on the formation mechanisms and evolutionary paths of future in-

dustries. Future industries are characterized by high frontier orientation, high uncer-

tainty, high investment intensity, and high growth potential. Their formation usually de-

pends on original technological breakthroughs, technical standards setting, application 

scenario expansion, and the cultivation of industrial market demand [21]. Existing studies 

often explain the formation logic of such industries from the perspectives of industrial 

policy, technology roadmaps, innovation ecosystem construction, and industrial chain 

layout [22]. The development of future industries is not a linear expansion process [23], 

but is jointly affected by technological maturity, market acceptance, capital investment, 

standards competition, and industrial collaboration. Although related studies have recog-

nized the uncertainty and nonlinearity of future industry development, they still provide 

insufficient explanation of how mission-oriented innovation consortia cross transfor-

mation gaps through resource integration, patent resource complementarity, technology 

transfer, and value co-creation intensity. A dynamic analytical framework capable of cap-

turing delays, feedback, and cumulative effects remains lacking. 

Third, studies on the application of system dynamics in innovation governance and 

industrial evolution. The system dynamics method is well suited for dealing with complex 

system problems such as multi-actor interaction, multiple feedback loops, structural de-

lays, and nonlinear accumulation, and has been widely applied to research contexts such 

as technology diffusion, R&D input–output, industry–university–research collaboration, 

industrial ecosystem evolution, and innovation system resilience [24]. Existing studies 

show that system dynamics can reveal the dynamic relationships among R&D investment, 

knowledge accumulation, technology transfer, and market diffusion through causal loop 

diagrams, stock–flow diagrams, and integral equations [25]. Compared with traditional 

static models, system dynamics is therefore more suitable for analyzing evolutionary fea-

tures such as long-term accumulation, stage transition, and reinforcing feedback in indus-

trial development [26]. However, existing system dynamics studies mostly focus on gen-

https://doi.org/10.3390/systems14070762


Systems 2026, 14, 762 6 of 37 
 

https://doi.org/10.3390/systems14070762 

eral innovation systems or market-oriented R&D alliances [27], and rarely incorporate 

mission-oriented innovation consortia into the analytical framework. At the same time, 

existing models usually emphasize the positive effect of innovation input on output 

growth, while paying relatively insufficient attention to the dynamic trade-offs among 

national strategic support, internal collaborative resistance, external technological shocks, 

and system resilience. 

In summary, previous studies provide an important foundation for understanding 

mission-oriented innovation consortia, future industry evolution, and system dynamics 

modeling, but three limitations remain. First, in terms of research objects, existing litera-

ture mainly discusses ordinary market-oriented R&D alliances or loose industry–univer-

sity–research cooperation, and has not sufficiently revealed the unique attributes of mis-

sion-oriented innovation consortia in national strategic guidance, public risk sharing, and 

core technology breakthroughs. Second, in terms of mechanisms, existing studies empha-

size the positive effects of resource input, knowledge sharing, and technology diffusion, 

but pay insufficient attention to constraining mechanisms such as interest conflict, free-

riding behavior, and collaborative resistance. Third, in terms of research methods, most 

studies remain at the level of static mechanism analysis or partial empirical testing, and 

lack dynamic simulation that places national strategic support, micro-level organizational 

frictions, technology transfer delays, and future industry evolution within a unified feed-

back system. Based on these gaps, this study introduces the system dynamics method and 

constructs a dynamic simulation model of how mission-oriented innovation consortia em-

power future industry development, so as to reveal their endogenous feedback structure, 

key mechanisms, and nonlinear evolutionary patterns. 

2.2. Integrated Multi-Theoretical Framework 

The process through which mission-oriented innovation consortia empower future 

industry development is not determined by a single factor, but is jointly shaped by organ-

izational structure, factor flows, actor behavior, and system evolution [28]. Triple helix 

theory can explain the organizational coordination structure among government, enter-

prises, universities, and research institutions. Innovation ecosystem theory can explain 

the circulation and complementarity of knowledge, technology, capital, and patent re-

sources in multi-actor networks. Dynamic capability theory can explain how alliance 

members sense, absorb, and reconfigure external technological and market changes. Com-

plex adaptive system theory can explain nonlinear feedback, delay effects, and system 

transitions in the evolution of future industries. Therefore, this study integrates these the-

ories into a four-level analytical framework (see Figure 1) to support the subsequent de-

sign of variables and feedback loops. 

 

Figure 1. Integrated multi-theoretical framework. 
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2.2.1. Triple Helix Theory 

Triple helix theory holds that interactions among government, industry, and univer-

sities constitute a collaborative network centered on knowledge production and innova-

tion diffusion. The overlap and nesting among the three spheres can generate new “hybrid 

organizations”, thereby forming new innovation modes [29]. This theory breaks through 

the assumption of fixed divisions of labor among government, enterprises, and universi-

ties in traditional linear innovation models, and emphasizes role overlap, functional com-

plementarity, and organizational embedding among the three types of actors. According 

to this theory, enterprises, universities and research institutions, and governments are no 

longer isolated actors. Instead, they jointly promote knowledge production, achievement 

transformation, and industrial upgrading [30]. 

For mission-oriented innovation consortia, enterprises promote technology transfer 

based on market demand, application scenarios, and industrialization capabilities [31]; 

universities and research institutions support core technology breakthroughs through 

basic research, talent supply, and original innovation capabilities [32]; and governments 

provide directional guidance through national strategic task setting, policy supply, and 

fiscal expenditure [33]. The coordination among these three types of actors constitutes the 

organizational foundation of mission-oriented innovation consortia. Triple helix theory 

mainly explains the organizational boundary and initial structure of mission-oriented in-

novation consortia. Specifically, the government helix provides strategic guidance and in-

stitutional resources, the enterprise helix provides market demand and industrialization 

capabilities, and the university and research institution helix provides knowledge pro-

duction and technological sources. Their collaboration provides the basic driving force for 

subsequent core technology breakthroughs and the increase in added value of the future 

industrial chain. The system dynamics variables derived from this theory include national 

strategic support, government support, fiscal expenditure, university investment, scien-

tific talent, original research outputs, technology transfer, and demand for industry–uni-

versity–research collaboration. 

2.2.2. Dynamic Capabilities Theory 

Dynamic capability theory emphasizes that, in uncertain environments, organiza-

tions need to sense opportunities, integrate resources, and reconfigure capabilities to 

maintain competitive advantage [34]. Unlike the static resource-based view, dynamic ca-

pability theory focuses on adaptive behavior when organizations face technological 

change, market change, and external shocks [35,36]. The future industry context faced by 

mission-oriented innovation consortia is highly uncertain. Technological trajectories have 

not yet stabilized, market demand has not yet matured, and industrial chain support sys-

tems are still undergoing dynamic adjustment. Therefore, resource input alone cannot 

guarantee the development of future industries. The key lies in whether alliance actors 

can effectively absorb external knowledge, reconfigure R&D resources, improve collabo-

rative innovation efficiency, and enhance technological adaptability [37]. 

Within mission-oriented innovation consortia, enterprises improve enterprise R&D 

efficiency through value co-creation intensity and collaborative R&D; universities and re-

search institutions enhance technological sources through knowledge spillover and tech-

nological outcome supply; and governments and intermediary agencies reduce coordina-

tion costs through institutional coordination and transformation platforms. This process 

reflects the mechanism through which multiple actors jointly form dynamic capabilities. 

The stronger the dynamic capabilities are, the better the alliance can transform frontier 

technologies into core technology breakthroughs, and further form product differentia-

tion, technological leadership, and market expansion capabilities. Based on this theory, 

system dynamics variables such as enterprise R&D efficiency, collaborative innovation 
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efficiency, value co-creation intensity, technological adaptability, technological leader-

ship, product differentiation, and system resilience can be proposed. These variables 

jointly constitute the behavioral mechanisms in the system. 

2.2.3. Innovation Ecosystem Theory 

Innovation consortia can be regarded as open, self-organizing, and nonlinear “biol-

ogy-like systems” [38]. According to innovation ecosystem theory, innovation is realized 

in open, complementary, and dynamically evolving ecosystems. Different innovation ac-

tors form collaborative networks around common value goals through the exchange of 

knowledge, capital, data, patents, and technologies [39]. In such systems, enterprises, uni-

versities, research institutions, technology intermediaries, and government departments 

are not isolated nodes. Rather, they form interdependent ecological structures through 

resource complementarity, knowledge sharing, and value co-creation. 

This theory can explain the relationships among patent resource complementarity, 

technical standards setting, and industrial chain value creation. Through the establish-

ment of innovation consortia, differentiated knowledge, patents, and technological capa-

bilities held by different actors can be integrated into shared technology platforms and 

patent pools. The complementarity of patents and technological elements supports mate-

rial circulation, while the coupling between enterprise capabilities and industrial demand 

promotes niche matching and stimulates technological adaptability [40]. At the same time, 

the improvement of patent resource complementarity and the expansion of the scale of 

patent pool size further promote innovation ecosystem coordination and core technology 

breakthroughs [41]. Technology intermediary agencies and intellectual property protec-

tion mechanisms can reduce uncertainty in the technology transfer process and promote 

the diffusion of technological achievements from laboratories to the industrial chain. Ac-

cordingly, system dynamics variables such as value co-creation intensity, patent resource 

complementarity, scale of patent pool size, technology intermediary policy, intellectual 

property protection, technology transfer, product competitive advantage, and added 

value of the future industrial chain can be proposed. These variables jointly constitute the 

factor circulation mechanism within the system and help explain how innovation consor-

tia transform dispersed knowledge resources, technological resources, and patent re-

sources into driving forces for future industry development. 

2.2.4. Complex Adaptive Systems Theory 

Complex adaptive system theory argues that a system consists of multiple adaptive 

actors [42], and that continuous interaction, learning, and feedback among actors generate 

nonlinear evolutionary processes. In complex systems, local actor behaviors may accumu-

late through feedback mechanisms into system-level emergent outcomes. System evolu-

tion often exhibits path dependence, delay effects, stage transitions, and nonlinear growth 

[43]. The development of future industries has precisely such complex adaptive system 

attributes. In the early stage, it requires long-term R&D accumulation and trial and error; 

in the middle stage, it depends on core technology breakthroughs and scenario diffusion; 

and in the later stage, it may experience rapid expansion of industrial market demand and 

leaps in industrial chain value. 

Therefore, the process through which mission-oriented innovation consortia em-

power future industry development is not a linear input–output process. On the one hand, 

national strategic support, value co-creation intensity, patent resource complementarity, 

and collaborative innovation efficiency can promote core technology breakthroughs, mar-

ket demand expansion, and the increase in added value of the future industrial chain 

through reinforcing feedback. On the other hand, interest conflict, free-riding behavior, 

and collaborative resistance can form negative feedback or disturbance mechanisms, sup-
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pressing system growth and altering evolutionary paths. In this sense, complex adaptive 

system theory provides the basis for introducing the system dynamics method in this 

study. 

In summary, the above theories provide theoretical support for this study from four 

levels: organizational structure, resource factors, actor behavior, and system evolution. 

These theories are not simply parallel to one another, but jointly constitute the logical 

chain through which mission-oriented innovation consortia empower future industry de-

velopment. National strategic tasks form the organizational foundation through the triple 

helix coordination structure; alliance actors realize resource reconfiguration, technological 

adaptability, and collaborative response through dynamic capabilities; and knowledge, 

technology, patents, and market resources circulate and complement one another within 

the innovation ecosystem. Ultimately, multiple reinforcing feedback and negative regu-

lating mechanisms jointly shape the nonlinear evolutionary path of future industry devel-

opment, laying a solid theoretical foundation for multi-scenario comparative simulation. 

3. System Dynamics Model Construction 

Future industry development is affected by multiple factors such as national strategic 

support and knowledge transfer, and these factors are coupled with one another. Tradi-

tional analytical methods based on a single causal chain or static equilibrium assumptions 

are insufficient for revealing the dynamic evolutionary patterns through which mission-

oriented innovation consortia empower future industry development. The system dy-

namics method emphasizes system structure, feedback loops, stock accumulation, and 

delay effects, and is therefore suitable for characterizing nonlinear evolutionary mecha-

nisms involving multiple actors. 

3.1. System Boundaries and Basic Assumptions 

Mission-oriented innovation consortia are regarded as complex adaptive systems 

composed of multiple actors, including leading enterprises, universities and research in-

stitutions, government departments, technology intermediary agencies, and upstream 

and downstream enterprises in the industrial chain. These actors interact through mech-

anisms such as strategic task guidance, fiscal support, technology transfer, and patent re-

source complementarity. Therefore, this study defines the system boundary as a semi-

open system. It not only focuses on endogenous feedback processes such as strategic mis-

sion driving, value co-creation, knowledge transfer, market expansion, and industrial 

value creation, but also considers the constraining effects of collaborative resistance and 

technological shocks on system evolution. Based on this boundary, the following basic 

assumptions are proposed. 

Assumption 1. Mission-oriented innovation consortia are characterized by national strategic 

guidance. Driven by national strategic objectives, government departments provide directional 

guidance through strategic task setting, policy supply, and fiscal support. Leading enterprises or 

chain-leading enterprises act as core organizers that integrate heterogeneous resources from uni-

versities, research institutions, technology intermediary agencies, and upstream and downstream 

enterprises in the industrial chain. Unlike market-oriented alliances that mainly pursue short-term 

profits, mission-oriented innovation consortia prioritize resource allocation toward core technology 

breakthroughs, industrial chain security, and the cultivation of future industries. 

Assumption 2. The system boundary is semi-open. Future industry development does not take 

place in a closed environment. External shocks such as international technological decoupling, 

shortages of key components, abrupt changes in policy environments, and contraction of market 

capital may affect technological adaptability, technology transfer, and industrial value creation. 
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This study summarizes external shocks as effective technological shock impact and introduces them 

into the model through scenario variables, so as to examine system resilience and shock mitigation 

capability. 

Assumption 3. The collaborative innovation process is constrained by internal friction. Although 

mission-oriented innovation consortia share common goals such as value co-creation, resource com-

plementarity, and technological breakthroughs, different actors may still differ in objective func-

tions and face problems such as information asymmetry, conflicts over intellectual property alloca-

tion, and unequal benefit sharing. The resulting interest conflict, opportunistic behavior, and free-

riding behavior may further generate collaborative resistance and weaken collaborative innovation 

efficiency. 

Assumption 4. System evolution involves structural delays. In mission-oriented innovation con-

sortia, there are obvious time delays from strategic task setting and R&D resource input to core 

technology breakthroughs, and further to market demand expansion and the increase in added value 

of the industrial chain. Therefore, this study introduces two delay parameters into the model: the 

delay in R&D achievement transformation and the delay in technical standards and market diffu-

sion. These parameters are used to characterize the lag effects in the transformation of scientific and 

technological input into core technology breakthroughs, and in the transformation of core technol-

ogy breakthroughs into market diffusion and industrial chain value creation. 

3.2. Causal Relationship Construction 

Considering the flow of knowledge, technology, and innovation resources among 

multiple actors, mission-oriented innovation consortia form a complex collaborative net-

work. Taking mission-oriented innovation consortia as the core organizational carrier, this 

study incorporates national strategic support, value co-creation, patent resource comple-

mentarity, collaborative innovation efficiency, technological adaptability, internal friction, 

and external shocks into a unified analytical framework. The causal structure constructed 

on this basis reveals the endogenous feedback mechanisms through which mission-ori-

ented innovation consortia empower future industry development. 

The model contains the following major feedback loops: 

(1) Strategic Mission–Technology Breakthrough Loop (R1) 

National Strategic Support → Government Support (+) → Fiscal Expenditure (+) → 

Technology Investment from Universities and Research Institutions (+) → Scientific Talent 

(+) → Original Research Outputs (+) → Patent Resource Complementarity (+) → Scale of 

Patent Pool Size (+) → Core Technology Breakthroughs (+) → Added Value of the Future 

Industrial Chain (+) → Regional Economic Growth (+) → Demand for Industry–Univer-

sity–Research Collaboration (+) → Mission-Oriented Innovation Consortia (+) → National 

Strategic Support. 

(2) Value Co-creation–Enterprise Innovation Loop (R2) 

Mission-Oriented Innovation Consortia → Value Co-creation Intensity (+) → Enter-

prise R&D Efficiency (+) → Enterprise Innovation Output (+) → Patent Resource Comple-

mentarity (+) → Core Technology Breakthroughs (+) → Added Value of the Future Indus-

trial Chain (+) → Regional Economic Growth (+) → Demand for Industry–University–Re-

search Collaboration (+) → Mission-Oriented Innovation Consortia. 

(3) Knowledge Transfer–Collaborative Innovation Loop (R3) 

Mission-Oriented Innovation Consortia → University Investment (+) → University 

Innovation Vitality (+) → University Technological Outcomes (+) → Technology Interme-

diary Policy (+) → Intellectual Property Protection (+) → Technology Transfer (+) → Col-

laborative Innovation Efficiency (+) → Patent Resource Complementarity (+) → Core 
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Technology Breakthroughs (+) → Added Value of the Future Industrial Chain (+) → Re-

gional Economic Growth (+) → Demand for Industry–University–Research Collaboration 

(+) → Mission-Oriented Innovation Consortia. 

(4) Standardization–Industrial Upgrading Loop (R4) 

Mission-Oriented Innovation Consortia → University Investment (+) → University 

Innovation Vitality (+) → University Technological Outcomes (+) → Technology Transfer 

(+) → Collaborative Innovation Efficiency (+) → Technical Standards Setting (+) → Product 

Competitive Advantage (+) → Added Value of the Future Industrial Chain (+) → Regional 

Economic Growth (+) → Demand for Industry–University–Research Collaboration (+) → 

Mission-Oriented Innovation Consortia. 

(5) Technology Adaptation–Market Expansion Loop (R5) 

Mission-Oriented Innovation Consortia → University Investment (+) → University 

Innovation Vitality (+) → Value Co-creation Intensity (+) → University Technological Out-

comes (+) → Technology Transfer (+) → Technological Adaptability (+) → Technological 

Leadership (+) → Product Differentiation (+) → Industrial Market Demand (+) → Added 

Value of the Future Industrial Chain (+) → Regional Economic Growth (+) → Demand for 

Industry–University–Research Collaboration (+) → Mission-Oriented Innovation Consor-

tia. 

(6) Internal Friction Loop (B1) 

Mission-Oriented Innovation Consortia → Free-riding Behavior (+) → Interest Con-

flict (+) → Collaborative Resistance (+) → Collaborative Innovation Efficiency (−) → Core 

Technology Breakthroughs (+) → Added Value of the Future Industrial Chain (+) → Re-

gional Economic Growth (+) → Demand for Industry–University–Research Collaboration 

(+) → Mission-Oriented Innovation Consortia. 

(7) Adaptive Resilience–Shock Mitigation Loop (B2) 

Effective Technological Shock Impact → Adaptive Governance Response (+) → Mis-

sion-Oriented Innovation Consortia (+) → System Resilience (+) → Technological Adapt-

ability (+) → Effective Technological Shock Impact (−). 

3.3. Visualization of the Stock-Flow Diagram 

The causal loop diagram can reveal the direction of relationships and feedback 

among system variables, but it is difficult to clearly distinguish state variables, rate varia-

bles, and auxiliary variables. To characterize the dynamic accumulation process through 

which mission-oriented innovation consortia empower future industry development, this 

study constructs a stock–flow diagram based on the causal relationship analysis, as shown 

in Figure 2. 
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Figure 2. System dynamics stock-flow diagram. Note: To ensure the clarity of the diagram, the 

stock–flow diagram mainly presents the core state variables, major rate variables, and key feedback 

relationships. Some auxiliary variables are moderately aggregated in the diagram, but retained in 

the simulation equations to ensure the completeness of model calculation and the accuracy of dy-

namic behavior interpretation. 

3.4. Multi-Source Parameter Identification 

To improve the credibility of parameter settings and reduce the subjective bias that 

may arise from relying solely on expert judgment, this study identifies multi-source pa-

rameters by combining literature evidence, statistical data, large language model (LLM)-

assisted text analysis, and expert consultation. 

In the stage of model structure construction, the causal relationships and directions 

of influence among variables are mainly determined based on innovation ecosystem the-

ory, dynamic capability theory, complex adaptive system theory, and literature on inno-

vation consortia governance, so as to ensure that the model structure has a theoretical 

foundation. Second, for the initial values of key state variables, this study refers to the 

China Science and Technology Statistical Yearbook, the China Strategic Emerging Indus-

tries Development Report, and policy documents related to national-level innovation con-

sortia, and conducts standardized processing based on the development characteristics of 

future industries to enhance the consistency between the model and the real-world con-

text. 

For qualitative behavioral parameters that are difficult to obtain directly from statis-

tical data, such as collaborative resistance, free-riding behavior, interest conflict, and sys-

tem resilience, this study adopts a method combining LLM-assisted text analysis and ex-

pert calibration, together with the analytic hierarchy process (AHP) and fuzzy compre-

hensive evaluation for parameter identification. Specifically, the LLM is mainly used to 

conduct semantic organization of policy texts, typical cases, and academic literature, and 

to summarize variable relationships. This forms a preliminary variable interpretation 

framework and provides a unified cognitive basis for expert evaluation. Subsequently, an 

evaluation panel consisting of 12 experts is formed, including five scholars in innovation 

management and industrial economics from universities, four researchers from research 

institutions, and three industry experts. The experts use the 1–9 scale to construct judg-

ment matrices, and the weights are calculated using the AHP method. The consistency 
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ratio (CR) of all judgment matrices is below 0.10, indicating good consistency in expert 

judgment. 

In the fuzzy comprehensive evaluation process, the LLM is used only as an auxiliary 

tool for text information organization and initial evaluation semantics. The final member-

ship matrix is determined by the expert panel after multiple rounds of revision and cali-

bration, and parameter values are formed through fuzzy synthesis operations. This 

method combines, to some extent, the breadth of text mining with the domain depth of 

expert judgment, which helps improve the interpretability and consistency of qualitative 

parameter settings. 

It should be noted that the purpose of constructing the system dynamics model in 

this study is not to make precise numerical predictions, but to reveal the internal feedback 

structure and dynamic evolutionary mechanism through which mission-oriented innova-

tion consortia empower future industry development. 

During model calibration, some key parameters are fine-tuned by combining the it-

erative calibration method of system dynamics, so that the model can reasonably charac-

terize innovation input delays, the accumulation effect of technological breakthroughs, 

the constraint of collaborative resistance, and nonlinear growth in the process of industrial 

upgrading. Overall, the model can reveal, to a certain extent, how system factors such as 

national strategic support, value co-creation intensity, patent resource complementarity, 

collaborative innovation efficiency, technological adaptability, and internal friction jointly 

shape the dynamic evolution of future industries. 

4. Simulation and Analysis 

To characterize the long-term evolutionary trajectory through which mission-ori-

ented innovation consortia empower future industry development, this study sets the to-

tal simulation period to 120 months, namely 10 years. The initial time is set as T0 = 0, the 

end time as Tend = 120, and the time step is set on a monthly basis. The setting of this 

simulation period is mainly based on two considerations: the real-world policy cycle and 

the evolutionary patterns of future industries. 

First, from the perspective of the policy cycle, future industry development is usually 

embedded in national medium- and long-term science and technology innovation plans 

and industrial strategic deployments. The formation, operation, and performance release 

of mission-oriented innovation consortia are not short-term processes, but involve multi-

ple stages, including strategic task setting, resource allocation, collaborative R&D, 

achievement transformation, and industrial diffusion. A 10-year observation window can 

better cover organizational evolution and industry cultivation under the sustained influ-

ence of medium- and long-term science and technology innovation policies, and helps 

identify feedback reinforcement, delayed responses, and nonlinear changes at different 

stages of the system. 

Second, from the perspective of technological innovation and industry cultivation, 

future industries generally involve long R&D cycles, high technological uncertainty, in-

complete industrial chain support, and significant commercialization delays. From basic 

research investment to core technology breakthroughs, and then to the formation of stable 

added value of the future industrial chain and industrial market demand, a relatively long 

process of knowledge accumulation, technology verification, and market diffusion is usu-

ally required. Therefore, the 120-month simulation interval can relatively comprehen-

sively present the full-process evolutionary features through which mission-oriented in-

novation consortia promote future industry development. 

Considering that time delays have an important influence on system behavior in sys-

tem dynamics models, this study further introduces structural delay mechanisms into the 

model to enhance its ability to represent real innovation processes. Specifically, two major 
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delay parameters are set. First, the delay in R&D achievement transformation is set as D1 

= 18 months. Innovation activities in future industries involve knowledge accumulation 

and achievement transformation cycles. From national special project investment and fis-

cal support to the formation of transferable original research outputs by universities and 

research institutions, multiple stages are usually required, including project initiation, re-

search organization, technological problem solving, prototype development, and achieve-

ment verification. Therefore, this study sets the R&D achievement transformation delay 

to 18 months and embeds it into the formation process of core technology breakthroughs 

through the DELAY function, so as to reflect the objective lag in the transformation of 

science and technology input into core technology breakthroughs. 

Second, the delay in technical standards and market diffusion is set as D2 = 12 months. 

Core technology breakthroughs in future industries do not immediately translate into 

product competitive advantage and added value of the future industrial chain. Relevant 

technologies usually need to go through processes such as technical standards setting, 

industrial testing and verification, industrial chain adaptation, and market acceptance. 

Therefore, a 12-month delay in technical standards and market diffusion is introduced to 

characterize the time delay in the transformation of core technology breakthroughs into 

industrial value creation and market demand expansion. In the equation design, the above 

delay mechanisms are embedded into the formation process of core technology break-

throughs and the industrial chain value creation process through the DELAY function, so 

as to more realistically simulate the dynamic evolutionary patterns through which mis-

sion-oriented innovation consortia empower future industry development. 

On this basis, the model is solved using Vensim PLE 7.3.5, and the simulation results 

are visualized using Python 3.10 (64-bit). 

4.1. Baseline Analysis: Macro-Level Effects of Innovation Consortia in Empowering Future 

Industry Development 

4.1.1. Innovation Consortia and Industrial Market Demand in Future Industries 

Figure 3 shows the dynamic evolution of mission-oriented innovation consortia and 

industrial market demand under the baseline scenario. The results indicate that, during 

the 120-month simulation period, both variables generally show a continuous upward 

trend, but their growth rhythms and stage characteristics differ. Mission-oriented innova-

tion consortia grow relatively slowly in the early stage of the simulation, then enter a rapid 

expansion stage around months 40–80, and gradually stabilize in the later stage. This sug-

gests that, under the sustained influence of national strategic support, fiscal expenditure, 

and cross-actor coordination mechanisms, the development level of innovation consortia 

follows an evolutionary pattern from slow accumulation to accelerated expansion and 

then to relative stabilization. 

By contrast, industrial market demand exhibits a certain delayed growth pattern. In 

the early stage of the simulation, industrial market demand grows relatively slowly. As 

the development level of innovation consortia increases, core technology breakthroughs 

gradually accumulate, and technical standards and product differentiation advantages 

are progressively formed, industrial market demand begins to rise more markedly in the 

middle and later stages, showing a relatively strong cumulative reinforcement trend. This 

indicates that the driving effect of mission-oriented innovation consortia on industrial 

market demand does not occur immediately, but gradually emerges after stages such as 

resource integration, technological R&D, achievement transformation, and market diffu-

sion. 

In terms of the underlying mechanism, mission-oriented innovation consortia are 

guided by national strategic objectives and promote the formation of relatively stable col-

laborative innovation networks among enterprises, universities, research institutions, and 
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technology intermediary agencies through government support, fiscal expenditure, and 

cross-actor resource integration. In this process, value co-creation intensity, patent re-

source complementarity, and technological adaptability continue to improve, thereby 

promoting core technology breakthroughs, product differentiation, and technical stand-

ards setting. As technological leadership and product application scenarios gradually ex-

pand, industrial market demand is continuously stimulated, which further reinforces de-

mand for industry–university–research collaboration and the development level of mis-

sion-oriented innovation consortia. 

Overall, the baseline simulation results show that mission-oriented innovation con-

sortia can continuously empower future industry development through long-term collab-

orative innovation and technology transfer mechanisms, and can promote the transfor-

mation of industrial market demand from slow incubation to accelerated expansion. 

 

Figure 3. The dynamic trend of innovation consortium and industrial market demand. Note: The 

figure uses dual vertical axes to show the evolutionary trends of the two variables, and the variable 

values are relative values. Therefore, the numerical magnitudes of the two curves in the figure 

should not be directly compared. The focus is on revealing the dynamic association and staged lag 

relationship between the development of mission-oriented innovation consortia and industrial mar-

ket demand. The same applies to the following figures. 

4.1.2. Innovation Consortia and Core Technology Breakthroughs 

Figure 4 reflects the dynamic relationship between mission-oriented innovation con-

sortia and core technology breakthroughs. Overall, as the development level of mission-

oriented innovation consortia continues to improve, the level of core technology break-

throughs shows a sustained upward trend, with a relatively clear cumulative growth pat-

tern in the middle and later stages. This is because mission-oriented innovation consortia 

can effectively integrate heterogeneous innovation resources from enterprises, universi-

ties, and research institutions under the joint influence of national strategic support and 

fiscal expenditure, thereby promoting the accumulation of original research outputs and 

cross-actor knowledge flows. 

Further, the deepening of value co-creation intensity, the improvement of patent re-

source complementarity, and the expansion of the scale of patent pool size help improve 

collaborative innovation efficiency and promote knowledge spillover, technological inte-

gration, and key technology problem solving. Core technology breakthroughs are not the 
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direct result of innovation input by a single actor, but the outcome of the long-term oper-

ation of multi-actor collaborative innovation networks and the continuous accumulation 

of resources. As technology transfer continues to advance, patent resources accumulate, 

and collaborative innovation efficiency gradually improves, mission-oriented innovation 

consortia can form a positive feedback mechanism involving knowledge sharing, techno-

logical integration, and innovation diffusion, thereby continuously enhancing the level of 

core technology breakthroughs. 

 

Figure 4. The dynamic trend of innovation consortium and core technology breakthroughs. 

4.1.3. Innovation Consortia and Added Value of the Future Industrial Chain 

Figure 5 shows the dynamic evolution trend of mission-oriented innovation consor-

tia and the added value of the future industrial chain. The simulation results indicate that, 

during the 120-month simulation period, the two variables generally show a same-direc-

tion growth relationship. However, the increase in the added value of the future industrial 

chain lags behind the development level of mission-oriented innovation consortia to some 

extent. Specifically, in the early stage of the simulation, due to time delays in technological 

R&D, achievement transformation, technical standards setting, and industrial application 

diffusion, the added value of the future industrial chain grows relatively slowly. As the 

development level of innovation consortia continues to improve, collaborative innovation 

efficiency increases, core technology breakthroughs gradually accumulate, and technical 

standards and product competitive advantage begin to take shape, the added value of the 

future industrial chain enters a faster growth stage in the middle and later stages. 

From the perspective of system dynamics, the increase in the added value of the fu-

ture industrial chain is not the result of a single factor, but rather the joint outcome of 

multiple mechanisms, including national strategic support, value co-creation intensity, 

patent resource complementarity, core technology breakthroughs, technical standards 

setting, and product differentiation. On the one hand, core technology breakthroughs pro-

vide the technological foundation for upgrading the future industrial chain. On the other 

hand, the formation of technical standards and the improvement of product competitive 

advantage further promote the diffusion of innovation outcomes into industrialization 

processes, and enhance the overall value creation capability of the industrial chain 

through the expansion of industrial market demand. As the internal coordination mecha-

nisms of mission-oriented innovation consortia gradually mature, the reinforcing feed-
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back effects within the system continue to strengthen, ultimately promoting a sustained 

increase in the added value of the future industrial chain. 

 

Figure 5. The dynamic trend of innovation consortium and added value of the future industrial 

chain. 

4.2. Mechanism Analysis: Mechanisms Through Which Innovation Consortia Empower Future 

Industry Development 

4.2.1. Value Co-Creation 

Figures 6 and 7 show the dynamic evolution of value co-creation intensity during the 

development of innovation consortia. As shown in Figure 6, value co-creation intensity 

generally exhibits a continuous upward trend during the simulation period, with clear 

stage-based evolutionary characteristics. In the early stage of the simulation, enterprises, 

universities, and research institutions are still in the process of resource alignment and the 

establishment of collaborative relationships. Cross-actor trust, knowledge-sharing mech-

anisms, and coordination rules have not yet been fully formed, so value co-creation inten-

sity grows relatively slowly. As the development level of mission-oriented innovation 

consortia continues to improve, government support, fiscal expenditure, and organiza-

tional coordination mechanisms gradually take effect. Enterprise innovation willingness, 

university innovation vitality, and collaborative innovation efficiency continue to in-

crease, and value co-creation intensity enters a stage of rapid growth. In the later stage of 

the simulation, as the collaborative structure of the consortia gradually matures, the 

growth rate of value co-creation intensity slows down and gradually stabilizes. 

In terms of the underlying mechanism, value co-creation is an important mechanism 

through which mission-oriented innovation consortia empower future industry develop-

ment. On the one hand, mission-oriented innovation consortia reduce the cost of 

knowledge exchange among enterprises, universities, and research institutions through 

organized coordination, thereby promoting the integration of heterogeneous knowledge 

resources. On the other hand, an increase in value co-creation intensity can further en-

hance enterprise R&D efficiency and enterprise innovation output, and promote patent 

resource complementarity and core technology breakthroughs. Thus, the value co-crea-

tion mechanism forms an important positive transmission path between innovation con-

sortia and future industry development. 
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Figure 7a–c further show the dynamic relationships between value co-creation inten-

sity and industrial market demand, core technology breakthroughs, and added value of 

the future industrial chain. The simulation results indicate that, as value co-creation in-

tensity continues to increase, all three variables related to future industry development 

show sustained upward trends, suggesting that the value co-creation mechanism has a 

strong positive driving effect on future industry development. Specifically, the increase in 

value co-creation intensity helps strengthen knowledge sharing, resource integration, and 

collaborative problem-solving among innovation actors. By improving collaborative in-

novation efficiency and patent resource complementarity, it further promotes core tech-

nology breakthroughs, market demand expansion, and the increase in added value of the 

future industrial chain. 

From the perspective of the mechanism, value co-creation does not directly affect 

only a single outcome variable, but exerts systemic influence through multiple feedback 

paths. On the one hand, value co-creation can improve enterprise R&D efficiency and en-

terprise innovation output, thereby enhancing patent resource complementarity and core 

technology breakthroughs. On the other hand, value co-creation can also promote univer-

sity innovation vitality and technology achievement transformation, further supporting 

technological adaptability, product differentiation, and market demand expansion. As 

these mechanisms continue to accumulate, the added value of the future industrial chain 

shows a more pronounced growth pattern in the middle and later stages. Therefore, value 

co-creation is an important transmission mechanism through which mission-oriented in-

novation consortia empower future industry development. 

 

Figure 6. The dynamic trend of innovation consortium and value co-creation intensity. 

 

Figure 7. The dynamic trend of value co-creation intensity and future industry development. 
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4.2.2. Patent Resource Complementarity 

Figures 8 and 9 show the dynamic evolution of patent resource complementarity. As 

shown in Figure 8, with the deepening development of mission-oriented innovation con-

sortia, patent resource complementarity generally shows a continuous upward trend, 

with clear stage-based characteristics. In the early stage of the simulation, patent re-

sources, technological paths, and knowledge bases among different innovation actors are 

still in the process of identification and matching, so patent resource complementarity im-

proves relatively slowly. In the middle stage, as collaborative R&D, patent combinations, 

achievement sharing, and intellectual property coordination mechanisms within the con-

sortia gradually improve, heterogeneous knowledge resources among enterprises, uni-

versities, and research institutions become more fully integrated, leading to a marked in-

crease in patent resource complementarity. In the later stage, as the structure of patent 

resource integration gradually matures, its growth rate slows down and tends to stabilize. 

In terms of the underlying mechanism, mission-oriented innovation consortia can 

promote the transformation of dispersed patent resources into systematic technological 

combinations through cross-actor knowledge integration, joint R&D, and the construction 

of patent pools. The improvement of patent resource complementarity not only helps re-

duce duplicated R&D and technological barriers, but also expands the scale of patent pool 

size and strengthens the resource base for core technology breakthroughs. Therefore, pa-

tent resource complementarity is an important mechanism through which mission-ori-

ented innovation consortia promote core technology breakthroughs and future industry 

development. 

Figure 9a–c further show that patent resource complementarity has clear same-direc-

tion evolutionary relationships with industrial market demand, core technology break-

throughs, and added value of the future industrial chain. Among them, the dynamic 

changes in patent resource complementarity and core technology breakthroughs are more 

synchronized, indicating that patent resource complementarity provides important sup-

port for the formation of core technology breakthroughs. In terms of the mechanism, pa-

tent resource complementarity can promote the integration of heterogeneous knowledge 

among different innovation actors, reduce duplicated R&D costs, improve the efficiency 

of knowledge recombination, and increase the possibility of transforming original re-

search outputs into industrial applications. 

Within mission-oriented innovation consortia, the patents, technological paths, and 

R&D experience held by enterprises, universities, and research institutions are highly 

complementary. Through joint R&D, patent combinations, and patent pool construction, 

dispersed technological resources can be integrated into more systematic technological 

capabilities, thereby providing sustained support for core technology breakthroughs. Fur-

thermore, achieving breakthroughs in core technologies is an important objective of mis-

sion-oriented innovation consortia. By strengthening knowledge integration, technologi-

cal combination, and collaborative innovation, patent resource complementarity can not 

only promote core technology breakthroughs, but also further drive the expansion of in-

dustrial market demand and the increase in added value of the future industrial chain. 

Therefore, patent resource complementarity constitutes a key foundational mechanism 

through which mission-oriented innovation consortia empower future industry develop-

ment. 

https://doi.org/10.3390/systems14070762


Systems 2026, 14, 762 20 of 37 
 

https://doi.org/10.3390/systems14070762 

 

Figure 8. The dynamic trend of innovation consortia and patent resource complementarity. 

 

Figure 9. The dynamic trend of patent resource complementarity and future industry development. 

4.2.3. Technological Adaptability 

Figures 10 and 11 show the dynamic role of technological adaptability in the process 

through which innovation consortia empower future industry development. The simula-

tion results indicate that, as the development level of mission-oriented innovation consor-

tia continues to improve, technological adaptability generally shows a sustained upward 

trend, with certain lagged and stage-based characteristics. In the early stage of the simu-

lation, technological collaboration among enterprises, universities, and research institu-

tions is still being established, and technology transfer, knowledge absorption, and appli-

cation scenario adaptation remain insufficient. As a result, technological adaptability in-

creases relatively slowly. In the middle stage, as collaborative R&D and technology trans-

fer within the consortia continue to advance, enterprises’ capabilities for absorbing, di-

gesting, and re-innovating new technologies gradually improve, and technological adapt-

ability enters a stage of rapid growth. In the later stage, as technology absorption mecha-

nisms and organizational learning mechanisms gradually mature, the growth rate of tech-

nological adaptability slows down and gradually stabilizes. 

In terms of the underlying mechanism, technological adaptability is an important 

mediating variable through which mission-oriented innovation consortia transform tech-

nological achievements into market applications and industrial value. A higher level of 

technological adaptability can enhance the ability of enterprises and industrial chain ac-

tors to absorb, apply, and adapt frontier technologies to specific scenarios, and further 

promote technological leadership, product differentiation, and market demand expan-
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sion. Therefore, the technological adaptability mechanism plays a key bridging role in the 

process through which innovation consortia empower future industry development. 

Figure 11a–c further show the dynamic relationships between technological adapta-

bility and industrial market demand, core technology breakthroughs, and added value of 

the future industrial chain. The simulation results indicate that, as technological adapta-

bility continues to improve, all three outcome variables generally show sustained growth 

trends, suggesting that technological adaptability plays an important transmission role in 

the process through which mission-oriented innovation consortia empower future indus-

try development. Among them, technological adaptability shows a relatively direct same-

direction relationship with industrial market demand, indicating that improvements in 

technological adaptability help enhance the responsiveness of future industry products 

and services to market environments, application scenarios, and changes in technological 

paradigms, thereby promoting market demand expansion. 

From the perspective of the mechanism, technological adaptability mainly operates 

through two paths. On the one hand, improvements in technological adaptability can en-

hance the ability of enterprises and industrial chain actors to absorb, digest, and re-inno-

vate frontier technologies, and promote industrial market demand expansion through 

technological leadership and product differentiation. On the other hand, technological 

adaptability can also promote technology transfer and collaborative innovation efficiency, 

indirectly supporting core technology breakthroughs and the increase in added value of 

the future industrial chain. For future industries, technological change is rapid and tech-

nological trajectories are highly uncertain. Technology supply alone is insufficient to form 

sustained competitive advantage. Only when enterprises and industrial chain actors can 

quickly adapt to and effectively apply new technologies can technological achievements 

be smoothly industrialized and transformed into market value. Therefore, technological 

adaptability is not only an important bridge connecting technological innovation and 

market diffusion, but also a key transmission mechanism through which mission-oriented 

innovation consortia realize industrial empowerment. By enhancing technology absorp-

tion capability, product differentiation capability, and market responsiveness, technolog-

ical adaptability promotes the transition of future industries from the stage of technolog-

ical accumulation to the stage of market expansion and value creation. 

 

Figure 10. The dynamic trend of innovation consortia and technological adaptability. 
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Figure 11. The dynamic trend of technological adaptability and future industry development. 

The above baseline simulation and key mechanism analysis show that value co-cre-

ation intensity, patent resource complementarity, and technological adaptability jointly 

constitute the important internal mechanisms through which mission-oriented innovation 

consortia empower future industries. These simulation results are consistent with the 

basic views of triple helix theory, innovation ecosystem theory, and dynamic capability 

theory, indicating that the model can effectively characterize the internal logic through 

which mission-oriented innovation consortia promote the evolution of future industries. 

On this basis, this study further conducts policy simulation under multiple governance 

scenarios. 

4.3. Policy Simulation Analysis Under Multiple Governance Scenarios 

4.3.1. Scenario Design 

To further examine the policy conditions and governance effects through which mis-

sion-oriented innovation consortia empower future industry development, this study 

constructs policy simulation scenarios under different governance modes based on the 

baseline scenario. The scenario design focuses on three key variables: national strategic 

support, collaborative innovation efficiency, and collaborative resistance (see Table 2), so 

as to examine the influence of different governance modes on the evolutionary path of 

future industries. This study selects industrial market demand, core technology break-

throughs, and added value of the future industrial chain as the core output variables of 

the system, and conducts a 120-month dynamic simulation under different governance 

scenarios. By comparing the differences in system evolutionary trajectories across scenar-

ios, this study further analyzes the mechanisms and policy effects of national strategic 

support, collaborative innovation efficiency, and collaborative resistance on future indus-

try development. The simulation results are shown in Figure 12a–c. 

 

Figure 12. The evolutionary trends of future industry development under multiple governance sce-

narios. 
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Table 2. Scenario design. 

Scenario 
National Strate-

gic Support 

Collaborative Inno-

vation Efficiency 

Collaborative 

Resistance 
Scenario Meaning 

S1 baseline scenario baseline value baseline value baseline value current governance level 

S2 strong mission-

oriented scenario 
+30% +20% −20% 

strengthened national strategy and op-

timized collaborative governance 

S3 market-driven sce-

nario 
−30% baseline value +20% 

weakened policy support and market-

dominated mechanisms 

S4 high-friction gov-

ernance scenario 
+20% −20% +30% 

increased resource input but ineffective 

internal governance 

4.3.2. Strong Mission-Oriented Scenario 

The strong mission-oriented scenario increases national strategic support by 30% and 

collaborative innovation efficiency by 20% based on the baseline scenario, while moder-

ately reducing collaborative resistance by 20%. This scenario is used to simulate a policy 

environment in which the government continues to increase special investment, improve 

innovation coordination mechanisms, and strengthen organizational governance. 

The simulation results show that, under the strong mission-oriented scenario, indus-

trial market demand, core technology breakthroughs, and added value of the future in-

dustrial chain all exhibit faster growth trends, and their overall levels are clearly higher 

than those under other scenarios. In particular, the growth inflection point of core tech-

nology breakthroughs appears earlier, and the growth rate of added value of the future 

industrial chain accelerates markedly. This indicates that, under the joint effect of national 

strategic support and efficient coordination mechanisms, mission-oriented innovation 

consortia can complete resource integration, knowledge flows, and technological problem 

solving more quickly, thereby strengthening the reinforcing feedback effects within the 

system. 

In terms of the underlying mechanism, sustained input of national strategic resources 

not only enhances the capacity for innovation resource allocation, but also improves the 

willingness of multiple actors to collaborate by stabilizing expectations and reducing un-

certainty. At the same time, the improvement of collaborative innovation efficiency accel-

erates knowledge sharing, technology transfer, and achievement transformation, while 

the decline in collaborative resistance reduces the inhibitory effects of interest conflict, 

free-riding behavior, and coordination costs on system operation. Therefore, the strong 

mission-oriented scenario can more fully release the enabling effect of innovation consor-

tia on future industry development. 

4.3.3. Market-Driven Scenario 

The market-driven scenario reduces national strategic support by 30% and increases 

collaborative resistance by 20% based on the baseline scenario. This scenario is used to 

simulate a governance mode in which innovation actors mainly rely on market mecha-

nisms for cooperation, while government strategic guidance and organizational coordi-

nation are relatively weakened. 

The simulation results show that, compared with the baseline scenario, the expansion 

speed of industrial market demand under the market-driven scenario slows down signif-

icantly, while the growth levels of core technology breakthroughs and added value of the 

future industrial chain are also relatively lower. The time at which the system enters the 

rapid growth stage is also delayed. This suggests that future industries are characterized 

by strong technological uncertainty, long-term investment needs, and high risks. Relying 

solely on market mechanisms makes it difficult to effectively overcome resource con-
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straints, coordination costs, and transformation delays in the process of frontier technol-

ogy breakthroughs. 

Under the condition of insufficient sustained strategic support, the resource integra-

tion capacity, collaborative innovation capability, and cross-actor technology transfer ca-

pability of innovation consortia are weakened to some extent. Especially in terms of core 

technology breakthroughs and the increase in added value of the future industrial chain, 

the market-driven scenario fails to form sufficiently strong mechanisms for sustained in-

vestment and collaborative problem solving, thereby reducing the long-term enabling ef-

fect of innovation consortia on future industry development. 

4.3.4. High-Friction Governance Scenario 

The high-friction governance scenario increases national strategic support by 20% 

based on the baseline scenario, while reducing collaborative innovation efficiency by 20% 

and increasing collaborative resistance by 30%. This scenario is used to simulate situations 

such as insufficient organizational coordination, intensified interest conflict, increased 

free-riding behavior, and governance failure. 

The simulation results indicate that the system still maintains a certain growth trend 

under the high-friction governance scenario, suggesting that external strategic support 

can provide resource guarantees and directional guidance for future industry develop-

ment to some extent. However, compared with the baseline scenario and the strong mis-

sion-oriented scenario, the growth rates of industrial market demand, core technology 

breakthroughs, and added value of the future industrial chain all slow down significantly 

under the high-friction governance scenario. This indicates that internal friction weakens 

the actual transformation effect of policy resource input. 

Further comparison shows that the high-friction governance scenario still outper-

forms the market-driven scenario in some outcome variables, indicating that national stra-

tegic support has a certain bottom-line supporting effect. However, due to the decline in 

collaborative innovation efficiency and the increase in collaborative resistance, strategic 

support cannot be fully transformed into core technology breakthroughs and industrial 

value improvement. This result suggests that future industry development depends not 

only on external policy input, but also on the effective operation of internal coordination 

mechanisms within innovation consortia. Without stable value co-creation mechanisms, 

interest coordination mechanisms, and efficient collaborative networks, simply increasing 

resource input cannot fully release innovation potential and may even lead to reduced 

resource allocation efficiency and innovation performance losses. 

4.3.5. Scenario Comparison and Implications 

The simulation results across different scenarios show that the evolutionary paths of 

future industry development differ significantly under different governance scenarios. 

The strong mission-oriented scenario exhibits the optimal development path, indicating 

that national strategic support, improved collaborative innovation efficiency, and reduced 

collaborative resistance can jointly strengthen the enabling effect of mission-oriented in-

novation consortia. In contrast, the market-driven scenario and the high-friction govern-

ance scenario weaken system growth capacity to varying degrees, as reflected in slower 

expansion of industrial market demand, insufficient accumulation of core technology 

breakthroughs, and delayed increase in added value of the future industrial chain. 

Further comparison of the dynamic evolutionary processes across scenarios shows 

that national strategic support can provide stable resource guarantees and directional 

guidance for future industry development. However, its effect is not automatically real-

ized; rather, it needs to be transformed through efficient coordination mechanisms and a 

low-friction governance structure. When collaborative innovation efficiency declines or 
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collaborative resistance rises, the marginal transformation effect of policy resources is 

weakened, and the system growth path deviates from that under the strong mission-ori-

ented scenario. 

Therefore, the governance focus of mission-oriented innovation consortia lies not 

only in increasing innovation resource input, but also in improving collaborative govern-

ance capacity through institutional design and organizational coordination. It is necessary 

to reduce cooperation costs among actors and improve mechanisms for benefit sharing, 

risk sharing, and intellectual property coordination, so as to form a sustained and stable 

innovation feedback network. For future industries, the coordinated promotion of na-

tional strategic support and optimized collaborative governance is an important guaran-

tee for achieving core technology breakthroughs, industrial market demand expansion, 

and industrial value upgrading. 

4.4. Model Validity Explanation 

In system dynamics research, model validity is an important prerequisite for ensur-

ing the credibility of simulation results. Given that future industries are highly frontier-

oriented and uncertain, long-cycle historical data are currently insufficient for point-by-

point fitting and validation of the model. Therefore, following the general validation logic 

of system dynamics research, this study explains model validity from four aspects: struc-

tural validity, behavioral consistency, parameter robustness, and extreme condition test-

ing. 

4.4.1. Structural Validity 

Structural validity mainly examines whether the model variables, causal relation-

ships, and feedback structures are consistent with real-world logic and theoretical foun-

dations. This study takes mission-oriented innovation consortia as the research object, and 

the system covers core actors such as leading enterprises, universities and research insti-

tutions, government departments, technology intermediary agencies, and upstream and 

downstream enterprises in the industrial chain. The selection of variables and the con-

struction of causal relationships are mainly based on triple helix theory, innovation eco-

system theory, dynamic capability theory, and complex adaptive system theory, and are 

further adjusted according to the practical construction of national innovation consortia. 

In terms of variable setting, the model introduces key variables such as national stra-

tegic support, value co-creation intensity, patent resource complementarity, collaborative 

innovation efficiency, technological adaptability, collaborative resistance, system resili-

ence, and effective technological shock impact, so as to capture the governance character-

istics that distinguish mission-oriented innovation consortia from ordinary market-ori-

ented R&D alliances and traditional industry–university–research alliances. In terms of 

feedback structure, the model characterizes reinforcing loops such as the strategic mis-

sion–technology breakthrough loop, value co-creation–enterprise innovation loop, 

knowledge transfer–collaborative innovation loop, standardization–industrial upgrading 

loop, and technology adaptation–market expansion loop, as well as balancing mecha-

nisms such as internal friction and shock mitigation. Overall, the model structure can rea-

sonably reflect the dynamic relationships among resource allocation, knowledge flows, 

technological breakthroughs, market expansion, and industrial value creation in the de-

velopment of future industries, and thus has certain theoretical rationality and practical 

explanatory power. 

4.4.2. Behavioral Consistency 

Behavioral consistency testing mainly examines whether the model operation results 

conform to real industrial evolutionary patterns and theoretical expectations. The baseline 
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simulation results show that industrial market demand, core technology breakthroughs, 

and added value of the future industrial chain generally exhibit dynamic features of slow 

growth in the early stage, accelerated improvement in the middle stage, and gradual sta-

bilization in the later stage. This evolutionary trend is broadly consistent with the process 

of knowledge accumulation, technology verification, achievement transformation, and 

market diffusion usually experienced by future industries. 

In addition, the R&D achievement transformation delay, the technical standards and 

market diffusion delay, the cumulative effect of technological breakthroughs, and the non-

linear growth brought about by collaborative innovation shown by the model are also 

consistent with the patterns of long-term investment, high risk, path dependence, and 

phased diffusion in real innovation activities. The multi-scenario simulation results fur-

ther show that national strategic support and optimized collaborative governance can sig-

nificantly improve the development level of future industries, while increased collabora-

tive resistance weakens the enabling effect of innovation consortia. These results are con-

sistent with theoretical expectations and real-world experience, indicating that the model 

can effectively characterize the main behavioral features through which mission-oriented 

innovation consortia empower future industry development. 

4.4.3. Parameter Sensitivity Analysis 

Sensitivity analysis examines changes in the core output variables of the system by 

adjusting key parameter values while keeping other variables and parameters within the 

system boundary relatively unchanged, so as to judge the response degree of model be-

havior to changes in key factors. Based on the model structure and key mechanism anal-

ysis above, this study selects value co-creation intensity, patent resource complementa-

rity, and collaborative innovation efficiency as the main parameters for sensitivity analy-

sis. Industrial market demand, core technology breakthroughs, and added value of the 

future industrial chain are selected as the core output variables of the system, so as to 

examine the influence of changes in key mechanism variables on future industry evolu-

tion. 

(1) Sensitivity analysis of the impact of value co-creation intensity on future industry 

development 

This study increases the value co-creation intensity parameter by 5%, 10%, 15%, and 

20%, respectively, and compares the results with the baseline scenario. The simulation 

results are shown in Figure 13. The results indicate that, as the value co-creation intensity 

parameter continues to increase, industrial market demand, core technology break-

throughs, and added value of the future industrial chain all improve to varying degrees. 

This suggests that the value co-creation mechanism has a strong positive effect on future 

industry development. 

Specifically, after value co-creation intensity increases, the industrial market demand 

curve shifts upward overall, indicating that cross-actor collaborative innovation can en-

hance the market responsiveness of future industry products and services. The growth 

inflection point of the core technology breakthroughs curve appears earlier, suggesting 

that value co-creation helps promote knowledge sharing, joint R&D, and patent resource 

complementarity, thereby improving the efficiency of core technology problem solving. 

The added value of the future industrial chain also increases accordingly, reflecting that 

the value co-creation mechanism can further enhance industrial value creation through 

technological breakthroughs, achievement transformation, and market diffusion. 

In terms of the underlying mechanism, the value co-creation mechanism strengthens 

knowledge sharing and resource integration among enterprises, universities, and research 

institutions, improves collaborative innovation efficiency, and promotes the complemen-
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tary allocation of patent resources. On this basis, innovation actors can carry out joint R&D 

and technological problem solving more efficiently, accelerate the process of core technol-

ogy breakthroughs and achievement transformation, further drive the expansion of in-

dustrial market demand through technological leadership and product differentiation, 

and continuously promote the increase in added value of the future industrial chain. 

 

Figure 13. The sensitivity analysis of value co-creation intensity. 

(2) Sensitivity analysis of the impact of patent resource complementarity on future in-

dustry development 

This study further increases the patent resource complementarity parameter by 5%, 

10%, 15%, and 20%, respectively, and compares the results with the baseline scenario. The 

simulation results are shown in Figure 14. The results show that, as patent resource com-

plementarity continues to increase, industrial market demand, core technology break-

throughs, and added value of the future industrial chain all improve to varying degrees. 

This indicates that the patent resource complementarity mechanism has a strong positive 

effect on future industry development. 

Specifically, after patent resource complementarity improves, the growth inflection 

point of the core technology breakthroughs curve appears earlier, and the growth rate also 

accelerates. This suggests that patent resource complementarity can provide a more suffi-

cient knowledge base and technological support for core technology problem solving. At 

the same time, industrial market demand and added value of the future industrial chain 

also increase, indicating that patent resource complementarity not only affects the process 

of technological breakthroughs, but can also further promote market demand expansion 

and industrial value creation through technological combinations, achievement transfor-

mation, and product application expansion. 

In terms of the underlying mechanism, the development of mission-oriented innova-

tion consortia is accompanied by cross-actor integration of patent resources and the ex-

pansion of the scale of patent pool size. Heterogeneous patent resources held by enter-

prises, universities, and research institutions are complementarily allocated through joint 

R&D, patent combinations, and intellectual property coordination mechanisms. This 

helps reduce duplicated R&D costs, alleviate technological discontinuities between up-

stream and downstream actors in the industrial chain, and improve knowledge recombi-

nation efficiency. Compared with homogeneous patent accumulation, heterogeneous pa-

tent complementarity is more conducive to forming targeted technological combinations 

around national strategic needs and core technology breakthrough tasks, thereby enhanc-

ing original technological breakthrough capability. 

Furthermore, patent resource complementarity can promote cross-domain integra-

tion among technological modules, expand the application scenarios of future industry 

products and services, and drive the growth of added value of the future industrial chain 

through core technology breakthroughs and improved product competitive advantage. 
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Therefore, patent resource complementarity is not only an important support for core 

technology breakthroughs, but also a foundational mechanism through which mission-

oriented innovation consortia promote future industry market expansion and industrial 

value improvement. 

 

Figure 14. The sensitivity analysis of patent resource complementarity. 

(3) Sensitivity analysis of the impact of collaborative innovation efficiency on future in-

dustry development 

This study increases the collaborative innovation efficiency parameter by 5%, 10%, 

15%, and 20%, respectively, and compares the results with the baseline scenario. The sim-

ulation results are shown in Figure 15. The results indicate that, as the collaborative inno-

vation efficiency parameter continues to increase, industrial market demand, core tech-

nology breakthroughs, and added value of the future industrial chain all improve to var-

ying degrees. This suggests that collaborative innovation efficiency is a key mechanism 

variable affecting how mission-oriented innovation consortia empower future industry 

development. 

Specifically, after collaborative innovation efficiency improves, the growth inflection 

point of the core technology breakthroughs curve appears significantly earlier, and the 

growth rate in the middle stage accelerates. This indicates that high-level collaborative 

innovation can effectively promote the flow and recombination of knowledge, technology, 

and innovation resources among enterprises, universities, research institutions, and tech-

nology intermediary agencies, thereby improving the efficiency of core technology prob-

lem solving. At the same time, industrial market demand and added value of the future 

industrial chain also rise, indicating that collaborative innovation efficiency not only af-

fects the process of technological breakthroughs, but also further drives future industry 

development through achievement transformation, the formation of product competitive 

advantage, and market diffusion. 

In terms of the underlying mechanism, the higher the collaborative innovation effi-

ciency, the more effectively innovation consortia can reduce coordination costs and 

knowledge transfer barriers in cross-actor cooperation, improve patent resource comple-

mentarity and the efficiency of innovation achievement transformation, and further 

strengthen core technology breakthrough capability. As key technologies continue to ac-

cumulate, the technological leadership and product competitive advantage of future in-

dustries are enhanced, which in turn promotes market demand expansion and industrial 

value improvement. 
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Figure 15. The sensitivity analysis of collaborative innovation efficiency. 

In summary, when value co-creation intensity, collaborative innovation efficiency, and 

patent resource complementarity are increased respectively, industrial market demand, core 

technology breakthroughs, and added value of the future industrial chain all improve to var-

ying degrees. This indicates that the three mechanisms are important supporting factors 

through which mission-oriented innovation consortia empower future industry development. 

Among them, value co-creation intensity reflects the depth and breadth of collaborative prob-

lem solving carried out by different innovation actors around national strategic tasks; collab-

orative innovation efficiency reflects the efficiency of knowledge, technology, and innovation 

resources in inter-organizational flow, integration, and transformation; and patent resource 

complementarity reflects the integration capability of heterogeneous technological resources 

and innovation achievements. These three mechanisms correspond respectively to the con-

struction of collaborative relationships, the improvement of network operation efficiency, and 

the complementary allocation of knowledge resources in the innovation ecosystem, jointly 

constituting the key support system for future industry innovation and development. 

The sensitivity analysis results further show that, through multiple tests of changes 

in key parameters, the evolutionary trends of the main state variables of the model remain 

consistent within a reasonable fluctuation range, with no abnormal oscillation or system 

divergence. Parameter changes mainly affect the growth rate and growth magnitude of 

variables, but do not change the overall evolutionary direction of the system. This indi-

cates that the model has good behavioral stability and parameter robustness. Overall, fu-

ture industry development exhibits strong system dependence. Compared with simply 

increasing innovation resource input, improving inter-actor collaborative relationships, 

enhancing collaborative innovation efficiency, and optimizing the operation mechanism 

of cross-actor innovation networks have a more sustained driving effect on long-term sys-

tem evolution. This means that the policy focus of mission-oriented innovation consortia 

should not only be on R&D funding and innovation resource supply, but should also at-

tach importance to the construction of value co-creation mechanisms, the enhancement of 

collaborative governance capacity, and the optimization of cross-actor innovation net-

works. In particular, it is necessary to strengthen resource coordination and core technol-

ogy joint problem-solving capabilities under the guidance of national strategic tasks, so as 

to fully leverage the institutional advantages of mission-oriented innovation consortia in 

promoting future industry development. 

4.4.4. Extreme Condition Testing 

Extreme condition testing is used to examine whether the model still conforms to 

basic logic under boundary conditions. This study sets a loss of national strategic support 

scenario and an optimal synergy scenario, and compares them with the baseline scenario. 

The results are shown in Figure 16. 
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Under the loss of national strategic support scenario, the level of national strategic 

support is reduced to a low level. The simulation results show that the growth rates of 

core technology breakthroughs, industrial market demand, and added value of the future 

industrial chain all decline significantly, and the system finds it difficult to enter the rapid 

growth stage. This indicates that, under the background of high uncertainty and high in-

vestment demand in future industries, the development of mission-oriented innovation 

consortia is highly dependent on sustained strategic support, policy guidance, and inno-

vation resource input. Without national strategic support, collaborative innovation activ-

ities within the system cannot be fully carried out, and both core technology break-

throughs and industrial value creation are significantly constrained. 

Under the optimal synergy scenario, collaborative resistance is set at a low level, 

while collaborative innovation efficiency within the system is set at a high level. The sim-

ulation results show that core technology breakthroughs, industrial market demand, and 

added value of the future industrial chain all exhibit faster growth trends, and are clearly 

higher than those in the baseline scenario. This indicates that, when interest conflict, free-

riding behavior, and organizational coordination costs are effectively controlled, 

knowledge flows, technology transfer, and resource integration within innovation con-

sortia can be significantly improved, thereby strengthening the reinforcing feedback pro-

cess of core technology breakthroughs and industrial value creation. 

Overall, the results of extreme condition testing are consistent with the basic theoret-

ical expectations regarding how mission-oriented innovation consortia empower future 

industry development. The loss of national strategic support weakens the growth momen-

tum of the system, while optimized collaborative governance enhances the system’s rein-

forcing feedback effects. These results indicate that the model maintains good directional 

consistency and behavioral rationality under extreme conditions, and has a certain degree 

of structural robustness. 

 

Figure 16. The evolutionary trend of future industry development under extreme conditions. 

5. Case Study 

5.1. Case Selection 

Next-generation artificial intelligence and large model ecosystems, as well as human-

oid robots, are both typical future intelligent industries. They share common characteris-

tics such as strong technological uncertainty, high requirements for cross-actor collabora-

tion, significant dependence on application scenario diffusion, and time delays in indus-

trial chain value creation. Considering the research context and case comparability, this 

study selects the multimodal artificial intelligence industrial consortium in Wuhan, China, 

and the national-local co-built embodied intelligent robot innovation center in Beijing, 

China, as cases (see Table 3). Both cases are characterized by national strategic guidance, 

multi-actor co-construction, and application-scenario orientation. They provide empirical 

references for the major feedback mechanisms in the system dynamics model from two 
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perspectives: platform ecosystem-based collaborative innovation and software–hardware 

integrated joint problem solving, thereby further illustrating the real-world adaptability 

of the model structure. 

Table 3. Typical cases of future intelligent industries. 

Future Industry Scenario Typical Practice Carrier Specific Real-World Case 

Next-generation artificial in-

telligence and large model 

ecosystem 

large model open platforms, industry large model 

joint innovation ecosystems, and artificial intelligence 

open innovation platforms 

multimodal artificial intelligence 

industrial consortium (Wuhan, 

China) 

Humanoid robots 

humanoid robot innovation consortia, robot innova-

tion centers, and key component–whole-machine col-

laborative platforms 

national-local co-built embodied 

intelligent robot innovation cen-

ter (Beijing, China) 

5.2. Next-Generation Artificial Intelligence and Large Model Ecosystem 

Next-generation artificial intelligence and large model ecosystems are among the fu-

ture intelligent industries with prominent platform-based and networked characteristics. 

Their innovation process depends on coordinated interactions among algorithmic models, 

computing power infrastructure, data resources, industry knowledge, and application 

scenarios. Large model ecosystems usually follow a cyclic process of model capability im-

provement, application scenario expansion, user feedback accumulation, model retrain-

ing and optimization, and the continued entry of ecosystem actors. This process is highly 

consistent with the value co-creation, collaborative innovation efficiency, and technologi-

cal adaptability mechanisms in the model. 

The multimodal artificial intelligence industrial consortium was established in De-

cember 2021, with the participation of the Institute of Automation of the Chinese Acad-

emy of Sciences, Wuhan Artificial Intelligence Research Institute, and other organizations. 

It aims to integrate resources from industry, universities, research institutions, and users, 

and to promote the development of the multimodal artificial intelligence industry and the 

industrialization of general artificial intelligence. The consortium brings together multiple 

types of actors, including computing power providers, vertical industry enterprises, uni-

versities, and research institutions, reflecting the mission-oriented collaborative innova-

tion characteristics of pursuing domestic, controllable, and industrially applicable general 

multimodal large models. 

Taking the “Zidong Taichu” large model ecosystem as an example, Wuhan Artificial 

Intelligence Research Institute is responsible for the iteration of the general large model 

foundation, university research teams provide algorithmic support such as multimodal 

alignment and lightweight inference, industry enterprises open application scenarios such 

as medical device management, rail transit operation and maintenance, and industrial 

welding, while computing centers provide domestic intelligent computing resources. 

Through shared industry datasets, joint R&D, and co-built industry fine-tuning laborato-

ries, multiple actors promote the continuous iteration of model capabilities and make pro-

gress in multimodal reasoning, industrial scenario adaptation, and industry applications. 

This process corresponds to variables such as Value Co-creation Intensity, Collaborative 

Innovation Efficiency, Enterprise Innovation Output, and Patent Resource Complementa-

rity in the SD model, reflecting the reinforcing feedback mechanism of multi-actor 

knowledge sharing, improved collaborative innovation efficiency, and core technology 

iteration. 

From the perspective of technological adaptability, the industrial value of large 

model technologies does not depend solely on the parameter scale of foundation models, 

but on whether they can adapt to diverse application scenarios such as manufacturing, 

healthcare, transportation, education, and public administration. The consortium carries 
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out vertical fine-tuning and application adaptation for differentiated scenarios such as in-

dustrial welding, medical device management, rail transit operation and maintenance, 

and low-altitude inspection, and gradually forms scenario-based applications such as new 

media content retrieval, intelligent cockpits, digital humans, and sign language teaching 

and examination systems. This process corresponds to variables such as Technological 

Adaptability, Product Differentiation, and Industrial Market Demand in the model. It 

shows that the development of large model ecosystems is not the result of technological 

supply by a single enterprise, but a systemic evolutionary process jointly shaped by plat-

form enterprises, research institutions, industry application actors, and scenario data feed-

back. This is broadly consistent with the logic of the model, in which value co-creation, 

collaborative innovation efficiency, and technological adaptability jointly drive future in-

dustry development. 

5.3. Humanoid Robots 

Humanoid robots are a future intelligent industry characterized by a high degree of 

software–hardware integration, a long technological chain, and significant industrializa-

tion delays. Their development depends not only on artificial intelligence algorithms and 

embodied intelligence models, but also on multiple technological modules such as reduc-

ers, servo motors, sensors, motion control, materials and processes, and whole-machine 

integration. Since a single enterprise usually cannot cover all technological links inde-

pendently, the humanoid robot industry highly depends on mission-oriented innovation 

consortia to systematically integrate multi-actor technological resources. 

The national-local co-built embodied intelligent robot innovation center was jointly 

established by industry actors such as UBTECH, Jingcheng Machinery Electric, Xiaomi 

Robotics, and E-Town Robotics. It focuses on full-chain key technologies for humanoid 

robots, including the “brain”, “cerebellum”, and “limbs”, and covers component R&D, 

whole-machine integration, embodied algorithms, and scenario verification. This reflects 

organizational characteristics such as strategic mission guidance, multi-actor collabora-

tive problem solving, and industrial chain integrated innovation. 

From the perspective of core technology breakthroughs, the humanoid robot indus-

try faces key technological bottlenecks such as high-precision motion control, dexterous 

manipulation, environmental perception, multimodal interaction, low-cost mass produc-

tion, and adaptation to complex scenarios. In the practice of this innovation center, uni-

versities and research institutions mainly undertake basic research tasks related to em-

bodied intelligence algorithms and multimodal perception; core component enterprises 

participate in key hardware problem solving such as high-precision servos and light-

weight joints; whole-machine enterprises are responsible for system integration and mass 

production process optimization; and application scenario actors provide testing, verifi-

cation, and iterative feedback. By jointly building carriers such as the general robot mother 

platform “Tiangong”, the consortium promotes the formation of a collaborative problem-

solving chain among basic algorithms, core hardware, and whole-machine integration. 

This process corresponds to the reinforcing feedback logic of strategic mission input, 

cross-actor knowledge transfer, and core technology breakthroughs in the model. 

From the perspective of patent resource complementarity and industrial chain value 

creation, humanoid robots involve multiple technological fields, including mechanical 

structures, control algorithms, sensing systems, artificial intelligence models, and appli-

cation scenarios. Patents and technological resources held by different actors are highly 

complementary. Resource integration through innovation consortia helps reduce dupli-

cated R&D and technological discontinuities, enhances Patent Resource Complementarity 

and Scale of Patent Pool Size, and further supports the accumulation of Core Technology 

Breakthroughs. At the same time, the transition of humanoid robots from laboratory pro-
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totypes to large-scale applications requires technology verification, cost reduction, stand-

ard setting, and scenario adaptation, reflecting clear delays in R&D achievement transfor-

mation and market diffusion. 

In addition, multi-actor collaboration in the humanoid robot industry may also face 

problems such as benefit allocation, intellectual property ownership, technological route 

divergence, and standards competition. Without effective governance mechanisms, col-

laborative resistance may increase and innovation efficiency may decline. This is con-

sistent with the internal friction mechanism in the model, indicating that collaborative 

governance capacity is an important factor affecting the industrialization process of hu-

manoid robots. Overall, this case provides real-world references for the model from the 

perspectives of core technology breakthroughs, patent resource complementarity, collab-

orative innovation efficiency, industrial value creation, and internal friction governance. 

5.4. Model Consistency Assessment and Case Implications 

The two cases show that both next-generation artificial intelligence and large model 

ecosystems, and humanoid robots, embody the basic characteristics of mission-oriented 

innovation consortia. Specifically, they form cross-actor collaborative innovation net-

works around key technological bottlenecks and strategic application scenarios in future 

intelligent industries, involving platform enterprises, chain-leading enterprises, universi-

ties and research institutions, industrial chain enterprises, and application scenario actors. 

This indicates that the model and its core variables have a real-world foundation. At the 

same time, the real operation of the two cases can be mapped respectively to key mecha-

nisms in the model, including value co-creation, knowledge transfer, technological adapt-

ability, patent resource complementarity, collaborative innovation efficiency, and core 

technology breakthroughs, suggesting that the main causal loops set in the model have a 

certain degree of real-world adaptability. 

From the perspective of dynamic evolution, the large model ecosystem shows plat-

form feedback and application diffusion effects, while humanoid robots exhibit long-term 

accumulation constrained by core technology breakthroughs and industrialization delays. 

These patterns are broadly consistent with the simulation results of this study. The case 

analysis also indicates that the development of future intelligent industries cannot rely 

entirely on technological supply by a single enterprise or spontaneous diffusion through 

market mechanisms. Instead, it requires the joint action of national strategic support, plat-

form-based enterprise organization, university research support, industrial chain collab-

oration, and application scenario traction. Overall, the two cases provide supplementary 

empirical support for the structural assumptions and dynamic behavioral features of the 

system dynamics model, indicating that the model can effectively characterize the main 

mechanisms through which mission-oriented innovation consortia drive the development 

of future intelligent industries. 

6. Conclusions 

6.1. Main Conclusions 

Based on the system dynamics method, this study constructs a dynamic simulation 

model of how mission-oriented innovation consortia empower future industry develop-

ment. By establishing the stock–flow diagram, causal loops, and equation settings, this 

study reveals the endogenous feedback structure through which innovation consortia 

drive the evolution of future industries. The results show that mission-oriented innova-

tion consortia exert a sustained and stable positive effect on future industry development. 

However, this effect does not emerge immediately. Instead, it is gradually released over 
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time through mechanisms such as value co-creation intensity, patent resource comple-

mentarity, technology transfer, standardization diffusion, and technological adaptability. 

Specifically, in the early stage of system evolution, the process is mainly character-

ized by the expansion of innovation consortia and the accumulation of knowledge re-

sources. In the middle stage, under the joint effects of core technology breakthroughs, 

technical standards setting, and industrial market demand expansion, the system enters a 

stage of accelerated growth. In the later stage, as constraints such as demand saturation, 

technological depreciation, and factor cost increase become stronger, the growth rate 

gradually slows down. Overall, mission-oriented innovation consortia form an endoge-

nous dynamic system that drives the continuous evolution of future industries through 

multi-actor collaboration and cross-level resource integration. Their mechanism of action 

shows significant features of delay, nonlinearity, and reinforcing feedback. 

6.2. Discussion 

6.2.1. Theoretical Contributions 

The theoretical contributions of this study are mainly reflected in two aspects. First, 

this study revises the implicit assumption in existing research that collaborative innova-

tion input and future industry performance can be understood as a simple linear relation-

ship. The revised model shows that the evolution of future industries is not directly driven 

by a single input variable, but is jointly shaped by multiple feedback loops, structural 

delays, and governance frictions. Especially in the mission-oriented context, there are 

clear stage-dominant relationships among policy support, knowledge transformation, 

and market diffusion. Therefore, future industry performance is more appropriately un-

derstood as a dynamic process of feedback reinforcement, delayed release, and con-

strained convergence. 

Second, this study further extends the analytical framework of the dual constraint of 

“strategic orientation–governance friction” in research on mission-oriented innovation 

consortia. Compared with traditional market-oriented alliances, mission-oriented innova-

tion consortia do not take profit maximization as their sole objective, but are embedded 

in national strategic tasks, fiscal risk-sharing mechanisms, and collaborative governance 

mechanisms. Therefore, national strategic support can, to some extent, resist technological 

uncertainty and market volatility. However, if collaborative resistance continues to rise 

and collaborative innovation efficiency declines, the system may still experience slower 

growth, delayed value creation, or even local instability. This finding suggests that na-

tional strategic support cannot automatically be transformed into industrial upgrading 

outcomes. Only when organizational governance is effective, technology transfer is 

smooth, and standardization diffusion mechanisms are sound can policy resources be 

truly transformed into long-term momentum for the evolution of future industries. 

6.2.2. Limitations and Future Paths 

Although this study improves the robustness and explanatory power of the model 

through multi-source parameter calibration, sensitivity analysis, and extreme scenario 

testing, several limitations remain due to the complexity of future industry systems. First, 

this study has not fully characterized the endogenous evolution of macro policy cycles, 

international supply chain shocks, and fluctuations in industrial factor prices. Future stud-

ies may introduce policy pulses, supply chain disruption, and stochastic disturbance mod-

ules outside the system boundary, so as to enhance the model’s ability to capture complex 

environmental shocks. 

Second, this study still uses an aggregated modeling approach to represent hetero-

geneous actors such as universities, enterprises, research institutions, and technology in-

termediary agencies, and does not explicitly simulate strategic interactions, contractual 
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learning, and evolutionary games among different actors. Future research can further 

build a hybrid simulation framework combining system dynamics and agent-based mod-

eling, embedding cooperation decisions, benefit allocation, and opportunistic behavior at 

the micro-actor level into the macro feedback structure, thereby improving the behavioral 

realism and policy operability of the model. 

6.3. Managerial Implications 

As strategic emerging industries increasingly require dynamic adaptability, single-

actor innovation models have become insufficient to support the complex evolutionary 

needs of future industries. Based on the findings of this study, the following management 

implications are proposed. 

First, the policy design of mission-oriented innovation consortia should not empha-

size only the scale of funding input, but should pay greater attention to the coordinated 

allocation among resource input, collaborative governance, and technology diffusion ca-

pability. For future industries, simply increasing government support or fiscal expendi-

ture is not sufficient to ensure that the system enters a high-growth trajectory. It is also 

necessary to simultaneously improve collaborative innovation efficiency and effectively 

reduce collaborative resistance. 

Second, the governance of two key types of delay should be emphasized. One is the 

delay in R&D achievement transformation, and the other is the delay in standardization 

and market diffusion. Governments and chain-leading enterprises should shorten the 

transmission chain from original research outputs to industrial value creation through 

pilot-scale platforms, patent pools, standard coordination mechanisms, and the opening 

of application scenarios. 

Third, the construction of value co-creation mechanisms should be regarded as a key 

aspect of consortium governance. Through demand traction, benefit sharing, process eval-

uation, and knowledge-sharing rules, it is necessary to enhance university innovation vi-

tality and innovation willingness, thereby improving patent resource complementarity 

and technology transfer efficiency. 

Fourth, a dynamic governance mode oriented toward shock scenarios should be es-

tablished. Uncertain variables such as technological shocks and factor cost increase should 

be incorporated into regular monitoring, and system resilience should be enhanced 

through phased policy repair, rapid standard coordination, and risk compensation mech-

anisms. For future industries, truly effective governance is not a one-time injection of re-

sources, but a sustained policy orchestration oriented toward long-term missions, cross-

actor collaboration, and adaptability to external shocks. 
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