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Abstract: During the cross-regional development of educational groups, dual challenges often arise: declining knowledge 

output capacity in core schools and limited absorption efficiency among member schools. This paper constructs a dynamic model  

for knowledge transfer within educational groups based on Complex Adaptive Systems (CAS) theory, analyzing the pathways 

through which internal collaboration mechanisms, incentive systems, and digital platforms influence knowledge flow. Through 

comparative case studies and simulation experiments, this paper reveals that knowledge flow within education groups exhibits 

nonlinear, dynamic feedback characteristics, and identifies that “unidirectional knowledge transmission” struggles to meet th e 

group's overall innovation needs. To address this issue, a “bidirectional empowerment” strategy is proposed: establishing multi-

level interactive mechanisms between core and member schools to optimize knowledge absorption and innovation efficiency 

through resource sharing, real-time information feedback, and incentive-constraint mechanisms. Furthermore, the paper 

quantitatively evaluates the effectiveness of collaborative innovation pathways using mathematical models, data analysis, and 

visualizations, providing theoretical foundations and practical references for educational groups to make informed decisions and 

enhance cross-regional collaborative innovation capabilities. 

Keywords: Complex Adaptive Systems; Educational Groups; Knowledge Transfer; Collaborative Innovation; Dynamic 

Models. 

 

1. Introduction 

As China's educational group development continues to 

advance, cross-regional schooling has become a crucial 

strategic approach to improving the efficiency of educational 

resource allocation and teaching quality [1]. Through a model 

where core schools lead and member schools collaborate, 

education groups facilitate the flow and sharing of knowledge, 

management expertise, and innovative practices within their 

structures. In practice, these groups commonly face two core 

challenges: First, core schools exhibit knowledge output 

fatigue, as sustained knowledge transfer and support 

pressures diminish their innovative vitality [2]. Second, 

member schools have limited absorption capacity, 

demonstrating disparities in their ability to digest, apply, and 

innovate when confronted with diverse knowledge and 

pedagogical experiences. This “dual dilemma” constrains the 

group's overall collaborative innovation capacity and 

undermines its regional competitiveness and sustainable 

development potential [3]. 

Addressing this challenge, Complex Adaptive Systems 

(CAS) theory offers a novel analytical framework for 

educational group innovation. CAS emphasizes dynamic 

interactions among multiple agents within a system, nonlinear 

feedback loops, and emergent behaviors, effectively 

explaining complex phenomena in knowledge flow, resource 

allocation, and organizational adaptation within education 

groups [4]. Integrating CAS theory into education group 

management research not only aids in understanding the 

dynamic mechanisms of knowledge transfer between core 

and member schools but also reveals the pathways through 

which factors like organizational culture, incentive 

mechanisms, and digital platforms influence collaborative 

innovation efficiency. 

This paper aims to explore a “mutually empowering” 

collaborative innovation pathway by constructing a dynamic 

model of knowledge transfer within educational consortia, 

combined with multi-case comparisons and data analysis [5]. 

It analyzes the current state and primary challenges of 

collaborative innovation in educational consortia; identifies 

key factors influencing knowledge flow and innovation 

output within the CAS theoretical framework; and proposes 

practical strategies to optimize collaborative innovation 

mechanisms, including multi-level interaction mechanisms, 

resource sharing and feedback optimization, and incentive 

system reforms. Through this integration of theory and 

practice, this study seeks to provide actionable pathways for 

cross-regional collaborative innovation within education 

groups while enriching complex systems research 

methodologies in educational management [6]. 

To ensure scientific rigor and quantifiability, this research 

employs data analysis and visualization techniques, offering 

intuitive analytical tools and decision-support frameworks for 

future studies. This approach not only reveals the operational 

patterns of collaborative innovation within education groups 

but also provides data-driven foundations for informed 

managerial decision-making. This study addresses 

collaborative innovation in education groups from a complex 

adaptive systems perspective, offering both theoretical 

innovation and practical guidance. It provides novel insights 

and methodologies for enhancing knowledge transfer 

efficiency and overall innovation capacity during cross-

regional expansion. 

2. Theoretical Foundations of Complex 
Adaptive Systems and Collaborative 
Innovation in Education Groups 

Complex Adaptive Systems (CAS) theory, originating from 

systems science and complexity studies, emphasizes dynamic 
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interactions, nonlinear feedback, and emergent behaviors 

among multiple agents within a system. CAS systems exhibit 

self-organization, adaptability, and unpredictability—

meaning the system's overall behavior cannot be simply 

derived linearly from individual agent actions [7]. 

Educational consortiums, as multi-tiered, multi-agent 

organizational systems, exhibit interactions among member 

schools, teaching teams, and administrative bodies that align 

with CAS characteristics. Within this framework, the 

collaborative innovation activities of educational consortiums 

demonstrate dynamic adjustment and nonlinear evolutionary 

traits, making traditional linear management models 

inadequate for explaining the formation mechanisms of their 

innovation pathways [8]. The following formula models the 

dynamic process of knowledge transfer from the core school 

to member schools, considering absorption efficiency and 

potential knowledge loss: 

𝐾𝑡+1 = 𝐾𝑡 + α ⋅ 𝐾𝑐𝑜𝑟𝑒 ⋅ β ⋅ 𝐴𝑚𝑒𝑚𝑏𝑒𝑟 −γ ⋅ loss     (1) 

Comprising a core school and member schools, educational 

groups form a multi-level, multi-actor knowledge network 

structure. The core school serves as the primary source of 

knowledge and management expertise, leading teaching, 

research, and innovation [9]. Member schools are responsible 

for absorbing, transforming, and localizing this knowledge. 

This organizational structure creates bidirectional feedback in 

knowledge flow: the core school's knowledge output 

influences member schools' absorption effectiveness, while 

member schools' practical feedback in turn shapes the core 

school's innovation strategies. During cross-regional 

expansion, educational consortiums exhibit dynamic and 

nonlinear collaborative innovation patterns influenced by 

external factors such as policy environments, resource 

distribution, and technological platforms [10]. Management 

processes must therefore fully incorporate the adaptive 

principles of complex systems. 

Collaborative innovation emphasizes the interactive 

integration of knowledge, resources, and capabilities both 

within and across organizations, with its core objective being 

to enhance innovation efficiency and the ability to translate 

outcomes. Evaluating the level of collaborative innovation in 

educational groups typically involves metrics such as the 

speed of knowledge flow, the quantity and quality of 

innovation outputs, organizational adaptability, and resource 

integration efficiency. From a complex adaptive systems 

(CAS) perspective, collaborative innovation depends not only 

on organizational structure and resource allocation but also on 

information flow, feedback mechanisms, and self-organizing 

behaviors. Integrating CAS theory with collaborative 

innovation theory facilitates the development of a more 

dynamic and actionable evaluation framework. This approach 

quantifies knowledge transfer efficiency and innovation 

capacity within educational groups, providing data-driven 

support for optimizing management decisions. 

Applying CAS theory to collaborative innovation research 

in education groups reveals the nonlinear patterns of 

knowledge flow and multi-level feedback mechanisms. This 

implies that managers can achieve “bidirectional 

empowerment” between core and member schools by 

establishing dynamic knowledge transfer models, designing 

multi-level interaction mechanisms, and refining incentive 

systems. For instance, real-time monitoring of knowledge 

flow via digital platforms, combined with incentive-

constraint optimization to enhance member schools' 

absorption capacity, can significantly boost the group's 

overall innovation efficiency. The CAS perspective further 

emphasizes adaptive adjustments and continuous evolution 

within systems. This enables educational groups to maintain 

organizational resilience and innovative vitality amid rapidly 

changing educational landscapes, thereby providing a 

theoretical foundation and practical guidance for cross-

regional collaborative innovation. 

3. Analysis of Current Practices and 
Challenges in Collaborative 
Innovation within Educational 
Groups 

During the cross-regional development of educational 

groups, collaborative innovation exhibits complex and 

diverse characteristics. Its operational status is influenced by 

multiple factors, including internal organizational structures, 

management mechanisms, technological platforms, and 

external environments. To comprehensively understand the 

actual performance of collaborative innovation within 

educational groups, a systematic analysis should be 

conducted from three perspectives: First, map the current 

landscape of collaborative innovation to reveal operational 

patterns and disparities between core and member institutions 

in knowledge flow, resource integration, and information 

sharing. Second, identify existing challenges, including 

organizational structural friction, suboptimal collaboration 

efficiency, and constraints imposed by external policies and 

market conditions on innovation activities. Third, analyze 

influencing factors by examining internal elements such as 

leadership, organizational culture, and innovation mindset, 

alongside external factors like policy environments, 

technological shifts, and market pressures. This reveals 

critical bottlenecks and dynamic feedback mechanisms 

hindering collaborative innovation efficiency. This 

comprehensive analysis lays a solid foundation for 

subsequently proposing targeted optimization pathways and 

practical strategies. 

3.1. Current State of Collaborative Innovation 

Within educational consortiums, knowledge flow between 

core and member institutions forms the foundation of 

collaborative innovation. Core institutions bear the 

responsibility of disseminating teaching expertise, research 

outcomes, and management methodologies, while member 

institutions are tasked with receiving, assimilating, and 

localizing this knowledge. Through multi-level interaction 

mechanisms, a knowledge flow network has formed within 

the consortium, exhibiting pronounced centralization: core 

institutions generate substantial knowledge output, while 

some member institutions show disparities in knowledge 

absorption and feedback. This uneven knowledge flow 

structure provides intuitive insights for designing subsequent 

collaborative innovation pathways. Table 1 summarizes the 

simulated knowledge transfer and innovation output for core 

and member schools, highlighting differences in absorption 

efficiency and output performance: 
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Table 1. Knowledge Flow and Innovation Output Across Schools 

School Type 
Knowledge 

Output (K) 

Absorption 

Capacity 

(A) 

Innovation 

Output (I) 

Core School 100 0.9 90 

Member School 1 50 0.7 35 

Member School 2 60 0.6 36 

Member School 3 40 0.8 32 

Member School 4 55 0.65 35.75 

 

Collaborative innovation relies not only on knowledge 

flow but also on the integration and sharing of internal 

resources within the consortium, including faculty teams, 

experimental facilities, teaching platforms, and management 

expertise. Most education groups have achieved resource 

sharing through digital platforms or internal management 

systems. However, in cross-regional collaboration, resource 

distribution remains uneven, and utilization efficiency varies 

significantly. The level of resource integration efficiency 

directly impacts the speed and quality of innovation outcomes, 

serving as a key indicator for evaluating a group's 

collaborative innovation capabilities. Figure 1 illustrates the 

simulated relationship between knowledge flow and 

innovation output across core and member schools, 

highlighting differences in absorption efficiency and resulting 

innovation performance: 

 

Figure 1. Knowledge Flow vs Innovation Output 

With the advancement of information technology, digital 

platforms have become essential tools supporting 

collaborative innovation within education groups. These 

platforms not only store and transmit knowledge but also 

provide data analysis and performance feedback, enabling 

real-time monitoring and optimization adjustments. In 

practice, some member institutions exhibit insufficient 

reliance on these platforms and delayed information updates, 

leading to lags or losses in knowledge flow that disrupt 

innovation continuity and efficiency. Analyzing platform 

usage patterns reveals bottlenecks in collaborative innovation 

and potential areas for improvement. 

Collaborative innovation within educational consortiums 

exhibits distinct dynamic and nonlinear characteristics. 

Knowledge flow and resource integration do not accumulate 

linearly but fluctuate and exhibit emergent behaviors 

influenced by multiple interacting factors. Adjustments to the 

core institution's innovation strategy may temporarily 

enhance or diminish member institutions' absorption capacity, 

while feedback from member institutions subsequently 

influences the core institution's decision-making. 

Understanding these dynamic characteristics facilitates the 

development of collaborative innovation models better 

aligned with complex adaptive systems theory, providing 

theoretical support for subsequent problem analysis and 

optimization pathway design. 

3.2. Existing Issues and Challenges 

In the collaborative innovation process of education groups, 

traditional hierarchical organizational structures and 

centralized decision-making mechanisms often become 

bottlenecks for innovation. Multiple layers of approval and 

communication exist between the core school and member 

schools, resulting in low information transmission efficiency 

and leading to delayed knowledge flow or partial information 

loss. Furthermore, decision-making authority is overly 

concentrated in the core school, leaving member schools 

lacking initiative and autonomy for independent innovation, 

which to some extent undermines the overall efficiency of 

collaborative innovation. Relevant data indicates a negative 

correlation between organizational complexity and 

knowledge flow efficiency, suggesting that structural 

optimization can enhance innovation output. 

Differences in benefit distribution and performance 

evaluation among various departments and schools within 

educational groups during collaborative innovation can easily 

trigger friction. Issues such as the usage rights of research 

achievements and teaching resources, project funding 

allocation, and the recognition of innovation outcomes may 

cause member schools to develop resistance toward 

knowledge absorption and innovation investment. 

Interdepartmental information silos and communication 

barriers also limit resource integration and knowledge sharing, 
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thereby affecting the continuity and stability of collaborative 

innovation. Quantitative analysis of interdepartmental 

collaboration frequency and conflict incidents can provide 

data-driven insights for mechanism optimization. To capture 

the temporal evolution of innovation output, we define the 

following dynamic model considering knowledge flow and 

member school absorption: 

𝐼𝑡+1 = 𝐼𝑡 + α𝐾𝑓𝑙𝑜𝑤 ,𝑡 ⋅ β𝐴𝑚𝑒𝑚𝑏𝑒𝑟 ,𝑡 − γ𝐷𝑡        (2) 

Beyond internal structural issues, collaborative innovation 

within education groups faces external constraints, including 

uncertainties in policy, market demand, and technological 

development levels. Cross-regional operations involve 

differing local education policies and resource management 

regulations, constraining the implementation of unified 

innovation strategies across the consortium. Lagging 

technological platform development or insufficient 

compatibility with local schools' digital systems further 

reduces knowledge flow efficiency. Simulating policy and 

technological environments can identify the dynamic impact 

of external factors on collaborative innovation, guiding 

subsequent optimization pathways. Table 2 illustrates the 

relationship between resource investment and innovation 

performance across different departments within the 

educational group, showing the effect of varying resource 

levels on output efficiency: 

 

Table 2. Resource Allocation and Innovation Performance Across 

Departments 

Department 
Resource 

Input (R) 

Knowledge 

Absorption (A) 

Innovation 

Output (I) 

Teaching 80 0.75 60 

Research 100 0.85 85 

Administration 60 0.65 39 

IT Support 70 0.7 49 

Student Services 50 0.6 30 

 

The nonlinear nature of collaborative innovation within 

education groups manifests as dynamic feedback and 

disequilibrium. Increased knowledge output pressure from 

core schools may diminish member schools' absorption 

capacity, while insufficient innovation motivation among 

member schools can negatively impact core schools' 

innovation strategies, creating positive-negative feedback 

loops. This dynamic interaction heightens uncertainty in 

collaborative innovation, necessitating modeling and 

simulation analysis to understand system behavior patterns 

and provide quantitative decision-making support. 

3.3. Analysis of Influencing Factors 

The efficiency of collaborative innovation within 

educational groups is significantly influenced by internal 

factors, with leadership and organizational culture serving as 

core drivers. The decision-making style, innovation 

orientation, and incentive approaches of core school leaders 

directly impact the enthusiasm for knowledge output and 

innovation dissemination. A learning-oriented and 

collaborative culture promoted within the group can enhance 

member schools' knowledge absorption capacity and 

innovation awareness, fostering a positive feedback loop. 

Through internal surveys and performance data analysis, the 

contribution of leadership and organizational culture to 

collaborative innovation outputs can be quantified, providing 

data-driven support for optimizing management strategies. 

The innovation output of the educational group can be 

expressed as a function of knowledge input, resource 

investment, and organizational adaptability: 

𝐼 = 𝑓(𝐾𝑖𝑛 , 𝑅, 𝑆)                 (3) 

Reasonable incentive mechanisms and scientific resource 

allocation are crucial means to enhance collaborative 

innovation. Education groups stimulate participation in 

innovation among core and member schools through 

economic rewards, honorary incentives, and career 

development opportunities. The equitable distribution of 

resources—including experimental facilities, teaching 

platforms, and research funding—determines the efficiency 

of innovation activities. Data analysis indicates that resource 

imbalances reduce knowledge absorption rates and cause 

significant fluctuations in innovation outputs. Constructing a 

resource-input-to-output model enables prediction of 

collaborative innovation outcomes under different incentive 

and allocation strategies. Figure 2 presents the impact of 

resource allocation and absorption capacity on innovation 

efficiency across a larger set of simulated departments or 

projects, demonstrating how variation in resources and 

absorption affects overall innovation outcomes: 
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Figure 2. Resource Allocation vs Innovation Efficiency 

External factors significantly influence educational 

consortiums' collaborative innovation. Policy environments, 

educational regulations, and local management rules directly 

constrain cross-regional knowledge flow and innovation 

implementation. Concurrently, information technology 

platforms, digital tools, and educational big data systems 

provide technical support for knowledge sharing and 

collaboration, determining the efficiency and quality of 

collaborative innovation. Regression analysis of policy 

changes and technology usage data can assess the sensitivity 

of innovation outputs to external factors, guiding consortiums 

in adjusting their strategies and operational models. From a 

complex adaptive system perspective, innovation output is 

influenced by core knowledge, member absorption, resource 

input, and external environment, as represented by the 

following function: 

𝐼𝑡 = 𝑓(𝐾𝑐𝑜𝑟𝑒 ,𝑡 , 𝐴𝑚𝑒𝑚𝑏𝑒𝑟 ,𝑡 ,𝑅𝑡 , 𝐸𝑡)          (4) 

From a complex adaptive systems perspective, dynamic 

feedback and interactions exist between internal and external 

factors. Changes in the core institution's output capacity, 

member institutions' absorption capacity, resource allocation, 

and the external environment mutually influence each other, 

generating nonlinear and emergent behaviors. Optimizing 

incentive mechanisms may enhance member institutions' 

innovation motivation, but excessive external policy 

constraints or unequal resource distribution could undermine 

overall innovation outcomes. 

4. Optimization Pathways and 
Practical Strategies for 
Collaborative Innovation in 
Educational Groups 

Based on complex adaptive systems theory, collaborative 

innovation within educational groups can be optimized by 

constructing dynamic models. This model treats the core 

institution and member institutions as mutually adaptive 

entities, establishing dynamic feedback mechanisms among 

knowledge flow, resource allocation, and innovation outputs. 

The core concept is achieving “bidirectional empowerment,” 

where the core institution not only exports knowledge and 

innovation experience, but member institutions also influence 

the core institution's strategy adjustments through practice 

feedback and innovation contributions. 

Optimizing collaborative innovation pathways requires 

establishing scientific innovation mechanisms across three 

dimensions: resource sharing, knowledge flow, and 

information feedback. For resource sharing, a cross-campus 

digital platform should be developed to centralize and 

dynamically update teaching resources, research outcomes, 

and management expertise. Knowledge flow mechanisms 

must clarify knowledge transfer pathways and responsibility 

allocation between core and member institutions, while 

enhancing member institutions' absorption capacity through 

regular training and collaborative projects. Information 

feedback mechanisms utilize data collection and analysis to 

evaluate innovation outcomes in real time, guiding core 

institutions in adjusting knowledge dissemination strategies. 

Collaborative innovation efficiency also depends on 

optimizing incentive mechanisms and organizational 

strategies. Establishing a multi-tiered incentive system—

including financial incentives, honorary recognition, and 

career development opportunities—can boost participation 

enthusiasm at both core and member institutions. 

Organizational strategies should emphasize flexible 

management, reducing decision-making layers to accelerate 

information flow and enhance innovation responsiveness. 

Data analysis can compare innovation outputs and knowledge 

absorption efficiency across different incentive schemes to 

evaluate optimal strategy combinations, providing 

quantitative evidence for management practices. 

In practical implementation, an efficient digital 

collaboration platform should be established to integrate 

resources and facilitate knowledge sharing. Multi-level 

interaction mechanisms—such as cross-institutional projects, 

joint research, and experience exchanges—should be created 

to enable mutual empowerment. A dynamic feedback and 
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adjustment system should be implemented to periodically 

optimize strategies and resource allocation based on 

innovation output and knowledge flow data. Combining 

simulation experiments with data analysis can quantify the 

impact of different strategies on innovation efficiency and 

collaborative capacity, providing scientific references for 

group decision-making. 

5. Conclusion 

This paper systematically analyzes the pathways and 

mechanisms for cross-regional collaborative innovation 

within educational groups based on Complex Adaptive 

Systems (CAS) theory. Findings reveal that collaborative 

innovation within educational groups exhibits distinct 

nonlinear and dynamic feedback characteristics. Knowledge 

output from core institutions, absorption capacity of member 

institutions, resource allocation, and external environments 

interact to form a multi-level, bidirectionally empowering 

knowledge flow network. By examining the current state, 

challenges, and influencing factors of collaborative 

innovation, the study identifies key constraints in 

organizational structure, decision-making mechanisms, 

departmental coordination, and resource allocation within 

educational groups. It also quantifies the impact of leadership, 

organizational culture, incentive mechanisms, and policy 

environments on innovation efficiency. 

Regarding optimization pathways, this paper proposes a 

CAS-based collaborative innovation model encompassing 

four key dimensions: resource sharing, knowledge flow, 

information feedback, and incentive strategies. Research 

indicates that centralized management and real-time updating 

of knowledge and resources through digital platforms, 

combined with multi-level interaction mechanisms and 

dynamic feedback systems, can significantly enhance 

educational consortiums' innovation output and 

organizational adaptability. Simultaneously, establishing 

multi-tiered incentive systems and flexible organizational 

strategies strengthens interaction dynamics between core and 

member institutions, achieving the collaborative innovation 

goal of “mutual empowerment.” Simulation analysis and 

formulaic models further validate the feasibility of the 

optimization pathway, providing quantitative evidence and 

decision-making references for educational consortium 

practices. 

This study's theoretical contribution lies in introducing the 

complex adaptive systems perspective to collaborative 

innovation research in educational consortia. It enriches 

educational management and innovation theory while 

offering a systematic analytical framework for knowledge 

transfer and innovation management within cross-regional 

educational consortia. The practical significance lies in 

providing theoretical guidance and operational references for 

consortium managers to formulate scientific decisions, 

optimize organizational structures, refine incentive 

mechanisms, and build digital platforms. Through 

quantitative analysis and model simulation, it helps education 

consortia enhance innovation efficiency, strengthen 

organizational resilience, and address challenges such as 

uneven knowledge flow and innovation volatility in dynamic 

environments. By integrating empirical data from additional 

cross-regional education groups, the parameters of the 

dynamic model can be refined to improve predictive accuracy. 

Exploring collaborative innovation pathways for 

multinational education groups will analyze adaptive 

adjustment mechanisms across diverse cultural and policy 

contexts. Combining technologies like artificial intelligence 

and big data analytics will optimize knowledge flow 

forecasting and innovation decision support systems, 

enabling intelligent management of collaborative innovation 

within education groups. Through these studies, education 

groups can sustain continuous innovation capabilities within 

complex, evolving educational ecosystems, achieving long-

term sustainability. 
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