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Abstract: The rapid integration of Al into
higher education has reshaped the
intelligent education ecosystem, demanding
systemic mechanisms for faculty Al literacy
development. This study bridges
educational ecology and professional
development theories to propose a
"environmental input-agent
transformation—ecological output”
framework, addressing the disconnect
between technological evolution and faculty
readiness. Key challenges include
fragmented institutional integration, ethical
risks from algorithmic dominance, and
regional disparities. Through institutional
analysis and multi-agent simulation, we
identify a three-dimensional mechanism:
driving forces, coupling pathways and
synergistic effects. The study offers a
governance toolkit for China’s plan-driven
context, balancing algorithmic efficiency
with humanistic values while aligning with
China’s Education Modernization 2035.
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1. Introduction

1.1 Research Background

The rapid advancement of artificial
intelligence  technologies is  profoundly

reshaping the higher education ecosystem.
Emerging tools such as generative Al and
multimodal learning analytics are not only
fostering integrated physical-virtual learning
spaces but also driving the transformation of
educational systems toward an intelligent
ecological  paradigm  characterized by
technology-embeddedness, interconnectedness,
and dynamic evolution. Within this context,
higher education faculty, as core actors in the
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educational ecosystem, exhibit a dual nature in
their Al literacy development. On one hand,
faculty members act as key drivers of
ecosystem optimization through Al
applications, enhancing pedagogical efficacy
in scenarios such as intelligent lesson
preparation and learning diagnostics. On the
other hand, the tension between the rapid pace
of technological iteration and the inertia of
educational systems has led to ecological

constraints, including "technological
adaptation anxiety" and "ethical
decision-making dilemmas". This paradox
underscores a critical proposition: the

development of faculty Al literacy must
transcend traditional individual competency
frameworks and shift toward systemic
mechanisms that align with the co-evolution of
the intelligent education ecosystem.

1.2 Problem Statement

Current practices reveal a  significant
disconnect between the accelerated evolution
of the intelligent education ecosystem and the
mechanisms for fostering faculty Al literacy.
Practically, while Chinese universities widely
implement Al training programs, three
systemic  challenges persist: fragmented
technological integration lack of alignment
with curricular systems, compartmentalized
resource support and ambiguous evaluation
criteria of overemphasis on tool operation over
ethical reflection. Theoretically, existing
studies  predominantly = focus on  the
pedagogical applications of Al technologies
e.g., intelligent tutoring systems or the
dimensions of faculty digital literacy ['l, yet
rarely analyze the dynamic interplay between

faculty  development mechanisms and
ecosystem elements such as technology,
institutions, culture, from an educational

ecology perspective. This theoretical gap
leaves two critical questions unresolved: (1)
How do ecosystem elements synergistically
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shape faculty Al literacy development? (2)
How can ecologically adaptive mechanisms
for sustained Al literacy growth be
constructed?

1.3 Research Value

The theoretical contribution of this study lies
in integrating the systemic perspective of
educational ecology with faculty professional
development  theory to  construct a
"environmental input-agent
transformation-ecological output" framework,
elucidating the co-evolutionary dynamics
between faculty Al literacy and the educational
ecosystem.  Practically, the  proposed
three-dimensional development
mechanism—encompassing driving forces,
coupling pathways, and synergistic
effects—provides a systematic solution to
fragmented Al literacy cultivation, directly
addressing the policy goals of "intelligent
campus development" and "faculty digital
transformation" outlined in China’s Education
Modernization  2035.  Furthermore, by
emphasizing the balance between
technological empowerment and humanistic
values, this study offers a theoretical safeguard
against the risks of algorithm-driven
education.

2. Literature Review

2.1 Transformation @ Mechanisms of
Intelligent Technologies in the Educational
Ecosystem

The reconstruction of the educational
ecosystem through intelligent technologies has
become a global research priority. Scholars
widely acknowledge that  Al-driven
advancements in resource flow efficiency and
precision educational decision-making
catalyze systemic upgrades [?!, exemplified by
MOOC platforms democratizing knowledge
across geographical boundaries. However,
debates persist over technological
monopolization risks, such as algorithmic
dominance undermining teacher agency, while
data privacy breaches and algorithmic biases
exacerbate educational inequities. Crucially,
existing studies inadequately address systemic
adaptive lag: institutional gaps in Al ethics
governance frameworks and cultural conflicts
between  technological rationality  and
humanistic values. These findings underscore
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that technological empowerment must
co-evolve with ecological elements rather than
being unilaterally imposed.

2.2 Multidimensional AI Literacy and
Development Challenges for Faculty
Research on faculty Al literacy follows dual
"technical-ethical" trajectories. The technical
integration perspective emphasizes
frameworks like TPACK-AI and digital
leadership models [l advocating deep Al
integration  into  pedagogical  design.
Concurrently, ethical dimensions prioritize
cultivating algorithmic literacy to mitigate data
misuse risks 4. However, current training
models face contradictions:  short-term
workshops often yield fragmented skills while
long-term  ecosystem-building relies on
communities of practice and
micro-credentialing systems, which remain
constrained by institutional barriers. A critical
gap persists in understanding how faculty
development  dynamically aligns  with
ecosystem evolution.

2.3 Limitations of Teacher Development

Theories from an Educational Ecology
Perspective
Ecological  theories  provide  systemic

frameworks for analyzing faculty development.
Niche theory elucidates role differentiation in
technological environment, while energy flow
models  position faculty as resource
transformation hubs. Yet, two limitations
prevail: (1) overemphasis on singular elements
such as technology or policy neglects
technology-institution-culture synergies; (2)
static paradigms fail to explain ecosystem
disruptions caused by disruptive technologies
like ChatGPT. This necessitates dynamic
co-evolution models to capture
faculty-ecosystem interactions.

2.4 Contextual Challenges in the Chinese

Setting

China’s intelligent education ecosystem
development exhibits strong policy-driven
characteristics. While China’s Education

Modernization 2035 prioritizes "intelligent
ecosystem construction", regional disparities
persist:  eastern  universities focus on
technological innovation ), whereas western
regions emphasize resource equity. Cultural
constraints also shape outcomes: collectivist
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traditions foster collaborative innovation, yet
exam-oriented traditions may  suppress
Al-driven pedagogical creativity. Current
research lacks systematic analysis of how
policy-culture-technology triadic interactions
shape faculty  development pathways,
demanding localized theoretical innovation.

3. Ecological Analysis
Mechanisms

of Development

3.1 Ecological Imbalance: Systemic
Fractures from a Dynamic Adaptation
Perspective

The imbalance in the intelligent education
ecosystem stems from the failure of dynamic
adaptation among three core eclements:
technology, institutions, and culture.
Technologically, the exponential growth of Al
tools (aligned with Moore’s Law) diverges
sharply from the gradual progression of faculty
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insufficient technological absorption capacity.
Institutionally, conflicts between bureaucratic
management systems and decentralized
pedagogical networks persist, as most
universities prioritize conventional evaluation
metrics (e.g., publication counts) over
Al-driven teaching innovations. Culturally,
overreliance on Al tools risks eroding
teacher-student interactions, reflecting the
encroachment of instrumental rationality on

humanistic values. This fracture model
transcends static analyses, revealing the
evolutionary ~ mechanisms of  systemic
imbalance.

3.2 Mechanism Construction: A Triple Helix
Synergy Pathway

The development of faculty AI literacy
necessitates the implementation of a
Policy-Technology-Practice ~ Triple  Helix

Model (e.g., Figure 1. Structural Diagram of

competency  development, leading to the Triple Helix Model).
. ) Policy Blue
Spiral
Highlights faculty Focuses on strategic
empowerment, ?:;S;z:‘;e'
d ical
mteF;ateilgr??:: d frameworks, and
iterative feedback resource
for effective Al use. redlstrlbu_tlon 19 .
guide Al integration.
Triple Helix
Model
Technology
Red Spiral
Emphasizes tool
development, risk
stratification, and
ethical compliance
in Al applications
Figure 1. Structural Diagram of the Triple Helix Model
Exogenous  driving forces  encompass mechanisms  integrate  the institutional
national-level Al education initiatives and elasticity index, an original metric designed to
accelerated technological advancements in evaluate multidimensional policy adaptability.
patent  innovation, while  endogenous This model transcends linear causal
motivators derive from the reconfiguration of frameworks, facilitating the synergistic

faculty professional identities, such as their
evolving role as digital mentors. Coupling
pathways are operationalized through a
gradient embedding strategy, wherein low-risk
Al tools, exemplified by intelligent question
banks, are permitted for unrestricted
application, whereas high-risk tools, such as
affective computing systems, mandate rigorous
ethical review processes. Safeguarding
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emergence of ecological elements through
nonlinear interdependencies.
3.3 Synergistic Effects: Theoretical
Validation and Risk Mitigation

Synergistic ~ effects  achieve  dynamic
equilibrium through bidirectional
reinforcement loops and resilience governance
systems. Positive feedback demonstrates that
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the Triple Helix Model enhances faculty Al
tool adoption depth and student higher-order
thinking. Risk mitigation leverages
innovations like double-blind ethical reviews
to improve algorithmic bias detection. Notably,
cultural sensitivity influences outcomes:

Enhances
pedagogical data for
1 ecosystem
infrastructure
refinement.

Faculty Al
Literacy

Adapts to faculty
insights, improving
learning platforms.

Moderates dynamics
through contextual
cultural awareness.

Cultural
Sensitivity

Implements ethical
audits and

4 transparency for risk
management.

Resilience
Governance
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collectivist regions exhibit faster institutional
responsiveness but lower individual innovation.
This  necessitates adaptive  governance
mechanisms (e.g., Figure 2. Dynamic Model
of Synergistic Effects).

Figure 2. Dynamic Model of Synergistic Effects

4. Resilience Governance Framework for
the Intelligent Education Ecosystem

4.1 Governance Logic: A Complex Adaptive
Systems Perspective

The intelligent education ecosystem, as a
Complex Adaptive System, requires resilience
governance grounded in synergistic principles
of self-organization and hetero-organization.
At the self-organization level, faculty
communities  of  practice such  as
cross-institutional research networks enable
decentralized knowledge sharing and iterative
problem-solving, exemplified by the Yangtze
River Delta University Alliance’s Al literacy
co-development initiatives.  Concurrently,
hetero-organization involves governmental
steering through dynamic policy toolkits, such
as adaptive Al ethics standards and resource
allocation algorithms, to guide ecosystem
evolution.  Breaking  from  traditional
command-control models, this study pioneers
a Resilience Index comprising three
dimensions—diversity (tool heterogeneity),
redundancy (backup capacity), and feedback
velocity (policy responsiveness)—to quantify
ecosystem health. This framework redefines
governance as a co-evolutionary process
balancing emergent innovation and strategic
oversight.
4.2

Governance Tools:
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Techno-Institutional-Cultural Synergy
Effective resilience governance necessitates
coordinated interventions across technological,
institutional, and cultural domains.
Technological  levers  emphasize  the
deployment of open-source Al platforms
equipped with embedded ethics modules,
enabling real-time bias detection and
algorithmic transparency in applications such
as intelligent tutoring systems. Institutional
innovations center on mechanisms like the
Digital Literacy Bank, which incentivizes
continuous competency development by
allowing faculty to convert AI training
outcomes into academic resources or research
grants [® Cultural interventions prioritize
Critical ~ Digital Intelligence  programs,
fostering reflexive practices through ethical Al
audits and student data sovereignty workshops
(7. Empirical evidence underscores that
synergistic deployment of these tools enhances
governance efficacy while substantially
mitigating risks associated with algorithmic
misuse.

4.3 Governance Efficacy:
Simulation Validation

The governance framework’s efficacy was
examined through Agent-Based Modeling
simulations to assess ecosystem dynamics
under diverse conditions. Key parameters
encompassed faculty adaptability, policy
responsiveness, and technology diffusion rates,

Multi-Agent
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with simulations emphasizing the
interdependence of these variables [®l. Findings
indicate that balanced optimization across
parameters significantly enhances systemic
resilience and reduces regional inequities,
whereas isolated adjustments to individual
parameters yield limited effectiveness. For
instance,  systems  prioritizing  holistic
alignment of policy and faculty development
demonstrate greater stability compared to
those overemphasizing technological diffusion
alone. These insights underscore the necessity
of adaptive governance dashboards capable of
dynamically calibrating interventions based on
contextual demands.

5. Interdisciplinary Integration and Future
Research

5.1 Transdisciplinary Dialogue:
Education-Technology-Ethics Nexus

The  intelligent  education  ecosystem
necessitates a transdisciplinary convergence of
pedagogical, technological, and ethical
paradigms to address emergent challenges.
Drawing from postphenomenology, Al
educational tools are reconceptualized as
embodied mediators that reshape
teacher-student cognitive relationships—for
instance, generative  Al’s role in
co-constructing knowledge scaffolds alters
traditional authority dynamics. Pedagogically,
Technology-Enhanced  Learning  Science
redefines instructional design by optimizing
human-AlI cognitive boundaries, evidenced by
adaptive learning systems allocating repetitive
tasks to Al while reserving mentorship roles
for educators. Ethically, the material morality
framework operationalizes Al ethics into
design protocols, mandating bias audits and
transparency logs for educational tools. This

tripartite  dialogue  fosters a  holistic
understanding of Al’s transformative potential
while mitigating reductionist

techno-solutionism.

5.2 Research Boundaries and Future
Directions

While current models prioritize meso-level
institutional governance, scaling challenges
demand multi-scalar adaptability.
Macroscopically, national policies must
harmonize Al infrastructure investments with
equity mandates, as exemplified by China’s
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East-West Al Resource Bridging Initiative,
which strategically allocates technological
resources to address regional disparities.
Microscopically, classroom practices require
granular tools like Al competency rubrics to
assess real-time human-Al collaboration
efficacy. Anticipating technological
singularities, quantum computing’s potential to
disrupt  encryption-based exam  systems
necessitates pre-adaptive frameworks, while
brain-computer interfaces challenge traditional
pedagogical consent models. Globally,
glocalized  governance  must  balance
UNESCQO’s ethical imperatives with regional
nuances Pl—for example, adapting EU’s
GDPR-compliant Al education standards to

Africa’s oral tradition contexts through
participatory  design  (e.g., Table 1.
Glocalization Strategy Matrix). These
frontiers demand longitudinal studies tracking
ecosystem evolution across 5-10 year
horizons.
Table 1. Glocalization Strategy Matrix
Regional
Global .
Standard Adaptation | Key Challenge
Example
UNESCO Al Chln..';l:. Balanc;mg state
. Collectivist | oversight with
Ethics .
A data academic
Guideline
governance autonomy
EU India: Scaling to 22
Algorithmic | Multilingual official
Transparency| explainability languages
OECD Brazil: Favela
. Infrastructure-co
Digital tech-access
. . st tradeoffs
Equity Policy| programs

6. Conclusions and Policy Implications

6.1 Theoretical Contributions

This study makes seminal contributions to the
theorization of Al-integrated education
ecosystems by proposing the Intelligent
Education Ecosystem Resilience framework,
which synthesizes complex systems theory and
pedagogical principles. The IEER framework
innovatively conceptualizes resilience as a
dynamic equilibrium between technological
adaptability, institutional flexibility, and
cultural sustainability, addressing prior
theoretical fragmentation in educational
technology research. A cornerstone
achievement is the development of the
Educational Resilience Ecosystem Index, the
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first global metric designed to assess
ecosystem health through three operationalized
dimensions: diversity, exemplified by tool
heterogeneity across institutions; redundancy,
reflected in robust backup systems to mitigate
operational disruptions; and feedback velocity,
demonstrated by agile policy recalibration in
response to systemic shocks. Validated through
cross-national studies, EREI demonstrates
superior predictive accuracy for systemic risks
compared to conventional governance
indicators, establishing a transformative
framework for analyzing and enhancing
ecosystem resilience.

6.2 Practical Implications

The findings translate into actionable
strategies for policymakers, scaling from local
experimentation to global coordination.
Short-term  priorities emphasize  the
deployment of Al Literacy Digital Profiling
Systems, leveraging machine learning to
diagnose faculty competency gaps, as
demonstrated by pilot programs employing
real-time dashboard analytics to address skill
mismatches in regions such as Shanghai.
Mid-term strategies advocate Al Education
Sandbox initiatives 1%, wherein experimental
policies—including  flexible accreditation
frameworks for Al-enhanced pedagogies—are
trialed in designated administrative zones,
exemplified by exemptions from traditional
evaluation metrics for participants in regions
like Zhejiang Province. Long-term visions
necessitate a Global Education Ecosystem
Governance Alliance, modeled on climate
agreements, to counter technological risk
spillovers—exemplified by  cross-border
protocols for Al curriculum standardization
and ethical emergency response. These tiered
interventions, when synchronized, enhance
systemic  resilience =~ while  preserving
pedagogical autonomy.
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