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Abstract 

This article explores the transformative potential of Artificial Intelligence (AI) in reshaping digital 
education through the concept of Meta-Intelligent Pedagogy (MIP), a holistic, adaptive, and context-
sensitive learning paradigm. Drawing on complexity theory, cognitive science, and innovationology, 
the study proposes a framework for designing AI-enhanced learning ecologies that transcend 
conventional models of personalization and automation. The paper critically examines how AI 
systems can foster higher-order thinking, systemic intelligence, and ethical discernment while 
addressing the risks of dehumanization and epistemic injustice. By combining real-world case studies 
with speculative scenarios, the study explores not only how AI is currently reshaping education but 
also how it might enable radically new forms of pedagogy in the future. This dual approach ensures 
both empirical grounding and imaginative foresight, essential in a rapidly evolving post-digital 
educational landscape. 

Keywords: artificial intelligence; digital pedagogy; meta-intelligent pedagogy; innovationology; 
complexity science; post-digital education; responsible management; cognitive ecologies 
 

1. Introduction 

The rapid advancement of Artificial Intelligence (AI) has initiated a profound transformation in 
education, signalling a shift from the merely digital to the genuinely intelligent. Over the past two 
decades, digital education has been marked by the proliferation of learning management systems, 
online platforms, and adaptive tools that have extended the reach and flexibility of learning 
environments (Selwyn, 2016; Bates, 2019). While these innovations have increased access to 
information and enabled personalization, they have also exposed the limitations of predominantly 
mechanistic and transactional models of learning. Increasingly, scholars and practitioners argue that 
digital education has reached a threshold where incremental improvements in personalization and 
automation are insufficient to address the complexity of contemporary learning needs (Luckin, 2021; 
Holmes et al., 2022). Against this backdrop, AI offers a qualitatively new horizon—one that demands 
rethinking the pedagogical foundations of education in the post-digital age. 

The concept of the post-digital does not simply describe a chronological stage after digital 
technologies; it signals a transformation in how these technologies are woven into the fabric of 
everyday life (Jandrić et al., 2018). In educational contexts, the post-digital era challenges us to move 
beyond the novelty of technological adoption toward an integrated understanding of how 
intelligence—human, machine, and systemic—can be cultivated through hybrid ecologies of 
learning. This requires rethinking pedagogy not as the mere transmission of content or optimization 
of pathways, but as a dynamic and adaptive ecology where cognition, ethics, and innovation 
intersect. Such a shift raises critical questions: How can AI foster higher-order thinking rather than 
merely automate knowledge delivery? How can educational systems ensure that algorithmic 
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mediation does not reproduce epistemic injustices but instead expands inclusivity and ethical 
discernment? How can pedagogy evolve to cultivate systemic intelligence capable of addressing the 
complex challenges of our time? 

To address these questions, this paper introduces the concept of Meta-Intelligent Pedagogy 
(MIP), a holistic, adaptive, and context-sensitive framework that reconceptualizes the role of AI in 
education. MIP draws on three interrelated intellectual traditions. First, complexity science, which 
highlights the emergent, non-linear, and adaptive dynamics of learning systems (Davis & Sumara, 
2006; Morrison, 2010). Second, cognitive science, which provides insights into how learning is 
distributed across minds, tools, and environments (Clark, 2008; Sawyer, 2014). Third, 
innovationology, a newly emerging transdisciplinary science of innovation that views learning as a 
generative process of systemic transformation (Moleka, 2024a; 2024b). Together, these perspectives 
suggest that the future of pedagogy must move beyond the optimization of individual learning 
trajectories toward the cultivation of cognitive ecologies—distributed systems of intelligence where 
humans and machines co-evolve in the pursuit of knowledge, creativity, and ethical purpose. 

The significance of this shift becomes evident when considering the limitations of current AI 
applications in education. Much of the literature focuses on personalized learning through adaptive 
systems, automated assessment, or intelligent tutoring systems (Woolf, 2021; Roll & Wylie, 2016). 
While these innovations are valuable, they risk reducing learning to the optimization of performance 
metrics, thereby neglecting the relational, ethical, and systemic dimensions of education. Critics warn 
of the danger of dehumanization, where students become passive recipients of algorithmically 
curated content (Selwyn, 2019), and epistemic injustice, where biases embedded in AI systems 
exacerbate inequalities in access to knowledge and recognition of diverse ways of knowing (Fricker, 
2007; Williamson & Eynon, 2020). Addressing these risks requires a conceptual reorientation: from 
AI as a tool of efficiency to AI as a partner in cultivating meta-intelligence, understood as the capacity 
to integrate multiple forms of knowing—cognitive, systemic, and ethical—within complex learning 
ecologies. 

Empirically, the paper draws on real-world cases of AI-enhanced learning across contexts 
including STEM education, collaborative online platforms, and inclusive lifelong learning initiatives. 
Speculatively, it explores scenarios where AI enables radically new pedagogical possibilities, such as 
distributed classrooms, AI-mediated ethical deliberation, and ecologies of systemic intelligence. This 
dual approach reflects the conviction that education in the post-digital era cannot be understood 
solely through present realities but must anticipate and shape futures yet to emerge (Facer, 2021). 

The study is guided by four research questions: 
1. In what ways does the current application of AI in education reproduce or transcend the 

limitations of digital pedagogy? 
2. How can Meta-Intelligent Pedagogy provide a more holistic and context-sensitive approach to 

AI-enhanced learning? 
3. What are the ethical, systemic, and cognitive implications of designing learning ecologies 

informed by MIP? 
4. How can educators, institutions, and policymakers prepare for the transition from digital to 

meta-intelligent pedagogy in the post-digital age? 
By positioning MIP as a pioneering framework for navigating the uncertainties of AI-enhanced 

education, this paper opens new avenues for research and practice that align with the transformative 
possibilities of AI. It invites educators to embrace the complexity of post-digital learning 
environments, critically engage with the ethical dimensions of AI, and experiment with pedagogical 
models that foster not only knowledge acquisition but also systemic intelligence and ethical 
discernment. 

The remainder of the paper is structured as follows. Section 2 provides a literature review 
situating MIP within broader debates on digital and AI-enhanced pedagogy, cognitive ecologies, and 
complexity science. Section 3 introduces the conceptual framework of Meta-Intelligent Pedagogy and 
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elaborates its core dimensions. Section 4 outlines the methodological approach, Section 5 presents 
illustrative case studies and applications, Section 6 discusses the theoretical, practical, and ethical 
implications of MIP, Section 7 acknowledges the study’s limitations and suggests directions for future 
research, and Section 8 concludes by highlighting MIP’s significance for reimagining pedagogy in the 
post-digital age. 

2. Literature Review 

2.1. From Digital to Intelligent Education 

The integration of digital technologies into education has been one of the most significant 
transformations in the past three decades. Beginning with the emergence of online learning 
management systems (LMS) in the 1990s, digital education initially focused on expanding access to 
content and enabling remote communication between instructors and students (Bates, 2019). 
Subsequent developments, including multimedia-enhanced platforms, MOOCs, and adaptive 
learning technologies, expanded the possibilities for large-scale, flexible learning environments 
(Siemens, 2013; Laurillard, 2014). However, despite the ubiquity of these tools, research increasingly 
points to the limitations of what might be termed the “digital paradigm” in education. 

First, digital education has tended to focus on content delivery and procedural learning, often 
privileging efficiency and scalability over deeper forms of understanding (Selwyn, 2016; Williamson, 
2017). Second, while adaptive learning technologies and intelligent tutoring systems personalise 
pathways, they often do so by reducing learning to algorithmic optimisation, privileging measurable 
outcomes such as quiz performance while neglecting critical thinking, creativity, and collaboration 
(Holmes et al., 2022). Third, despite rhetoric around democratisation, digital education often 
reproduces inequalities, as access to bandwidth, devices, and digital literacies remains unevenly 
distributed (Lupton, 2020). 

The shift toward AI-enhanced education offers the promise of transcending some of these 
limitations. AI is increasingly applied to automated assessments, adaptive recommendation systems, 
and predictive analytics that identify learners at risk (Woolf, 2021; Roll & Wylie, 2016). Yet, current 
applications remain tethered to the optimisation logic of digital pedagogy. What is now emerging is 
the possibility of “intelligent education”, which recognises AI not only as a tool for automation but 
as an agent in constructing learning ecologies capable of supporting complex cognition, 
collaboration, and ethical reasoning (Luckin, 2021; Zawacki-Richter et al., 2019). This transition 
requires moving from a digital paradigm to an intelligent paradigm, one that positions education as 
a co-evolutionary process between human and machine intelligence. 

2.2. Cognitive Ecologies and Learning Systems 

The concept of cognitive ecologies provides a useful lens for understanding how AI reshapes 
learning. Drawing on theories of distributed cognition (Gibson, Kovanovic, Ifenthaler, Dexter & Feng, 
2023 ; Smart, 2017 ; Hutchins, 1995), situated learning (Lave & Wenger, 1991), and the extended mind 
hypothesis (Clark & Chalmers, 1998), cognitive ecologies view intelligence not as an isolated property 
of individuals but as an emergent phenomenon arising from interactions between people, tools, and 
environments (Moleka, 2025). Learning, from this perspective, is a relational and ecological process, 
distributed across networks of actors and artefacts (Sawyer, 2014; Edwards, 2010). 

In educational contexts, cognitive ecologies emphasise the interconnectedness of learners, 
teachers, digital tools, cultural norms, and institutional structures. This view contrasts sharply with 
the mechanistic logic of adaptive learning systems, which typically treat learners as isolated data 
points to be optimised. By situating AI within cognitive ecologies, it becomes possible to design 
educational environments where AI is not merely delivering personalised content but actively 
participating in the co-construction of knowledge and meaning. 

Research on networked learning and learning ecologies already demonstrates the potential of 
such approaches. For example, Carvalho and Goodyear (2014) describe how learning design can 
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foster complex, emergent patterns of collaboration, while Luckin (2017) argues that AI can augment 
human intelligence by providing scaffolds for metacognition and reflective learning. However, what 
remains underdeveloped is a pedagogical framework that systematically integrates AI into these 
ecologies in ways that foreground not only cognition but also ethical and systemic intelligence. This 
gap is precisely where the concept of Meta-Intelligent Pedagogy seeks to contribute. 

2.3. Complexity Science and Pedagogy 

Complexity science provides another essential foundation for rethinking AI-enhanced 
education. Educational systems can be understood as complex adaptive systems, characterised by 
non-linearity, emergence, feedback loops, and sensitivity to context (Kolt, Shur-Ofry & Cohen, 2025 ; 
Turner & Baker, 2019 ; Davis & Sumara, 2006; Morrison, 2010). From this perspective, learning is not 
a linear progression from novice to expert but a process of navigating uncertainty, exploring 
possibilities, and adapting to changing conditions (Cloude, Chapman, Azevedo, Castiglioni,  
LaRochelle, Hernandez & Torre, 2025 ;  Suh,  Hand, Ercan-Dursun, Sahin & Fulmer, 2024). 

Several scholars have argued that complexity theory offers a more realistic model of learning 
than mechanistic or input-output models (Doll, 1993; Mason, 2008). In particular, it highlights the 
importance of diversity, self-organisation, and adaptive capacity in educational environments. AI, 
when embedded within such frameworks, can support complexity-informed pedagogy by enabling 
dynamic feedback, modelling emergent patterns, and facilitating personalised-yet-connected 
learning pathways. 

However, the integration of AI into complexity-based pedagogy is not straightforward. If AI 
systems are designed solely to optimise predefined outcomes, they risk undermining the very 
complexity they are meant to support. What is needed is a pedagogical framework that embraces 
uncertainty, adaptability, and emergence while also addressing the ethical stakes of AI-mediated 
learning. This requires moving beyond the use of AI as a predictive or corrective tool toward its role 
as a partner in cultivating systemic intelligence. Such a move aligns with broader educational shifts 
that seek to prepare learners for “wicked problems” and volatile futures (Barnett, 2014; Biesta, 2017). 

2.4. Ethical and Critical Perspectives 

While the opportunities of AI in education are vast, scholars have raised pressing concerns 
regarding its ethical implications. Issues of bias, surveillance, and data privacy have been widely 
documented (Williamson & Eynon, 2020; Knox et al., 2020). Algorithms trained on historical data 
may reproduce structural inequalities, while the pervasive collection of student data raises questions 
about consent, transparency, and ownership (Selwyn, 2019). Furthermore, the automation of teaching 
functions risks diminishing the relational and affective dimensions of education, potentially leading 
to the dehumanisation of learners (Facer & Selwyn, 2021). 

A particularly important concern is epistemic injustice (Fricker, 2007), which occurs when 
individuals or groups are unfairly disadvantaged in their capacity as knowers. In educational 
contexts, this may take the form of testimonial injustice, where certain voices are discredited, or 
hermeneutical injustice, where learners’ experiences are not adequately recognised by dominant 
knowledge frameworks (Kidd, Medina, & Pohlhaus, 2017). AI systems that privilege Western, 
standardised knowledge forms risk exacerbating such injustices, particularly in contexts of global 
diversity and indigenous epistemologies. 

To address these challenges, emerging work calls for responsible AI in education, which 
prioritises inclusivity, transparency, and value-sensitive design (Holmes et al., 2022; Zawacki-Richter 
et al., 2019). This involves not only technical safeguards but also pedagogical innovation. If AI is to 
foster ethical and inclusive learning, it must be embedded within frameworks that cultivate ethical 
discernment, critical reflexivity, and systemic awareness. Here, the proposed framework of Meta-
Intelligent Pedagogy offers a promising way forward by integrating ethical intelligence as a core 
dimension of learning ecologies. 
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Taken together, these four strands—digital to intelligent education, cognitive ecologies, 
complexity science, and ethical perspectives—reveal both the potential and the limitations of current 
approaches to AI-enhanced learning. While significant progress has been made in developing 
intelligent tutoring systems, adaptive learning, and analytics, the field remains constrained by 
paradigms of optimisation and efficiency. What is missing is a comprehensive pedagogical 
framework that situates AI within complex, distributed, and ethical ecologies of learning. The next 
section develops such a framework through the articulation of Meta-Intelligent Pedagogy (MIP), 
positioning it as a necessary evolution for education in the post-digital age. 

3. Conceptual Framework: Meta-Intelligent Pedagogy (MIP) 

3.1. Defining Meta-Intelligent Pedagogy (MIP) 

Meta-Intelligent Pedagogy (MIP) represents a paradigm shift in educational theory and practice, 
proposing a framework in which learning is conceptualized as a distributed, adaptive, and ethically 
guided ecological process. Unlike traditional pedagogical models that prioritize content delivery or 
the optimisation of individual learning outcomes, MIP positions pedagogy as the co-evolution of 
human and machine intelligence within complex cognitive ecologies (Moleka, 2025; Sawyer, 2014). 
In this approach, Artificial Intelligence (AI) is not merely a tool for automation or personalisation but 
functions as an active participant in the learning ecosystem, shaping, mediating, and enhancing 
cognitive, systemic, and ethical capacities. 

MIP is grounded in three complementary theoretical foundations: 
1. Complexity Science: Learning environments are treated as complex adaptive systems 

characterized by non-linearity, emergence, and interdependence. This lens enables the design of 
AI-mediated educational ecologies that respond dynamically to learner interactions, feedback 
loops, and contextual shifts (Davis & Sumara, 2006; Barnett, 2014). 

2. Cognitive Ecologies: Building on distributed cognition theory, MIP views knowledge as 
emergent from the interactions among learners, teachers, digital artefacts, and institutional 
frameworks (Clark, 2008; Hutchins, 1995). AI serves as a mediating agent within these 
ecologies, facilitating adaptive scaffolding, collaborative knowledge construction, and reflective 
thinking. 

3. Innovationology: As a transdisciplinary science of systemic innovation, innovationology 
informs MIP’s emphasis on learning as a generative process. This dimension encourages 
educational designs that not only convey knowledge but cultivate creativity, problem-solving, 
and adaptive innovation across individual, group, and institutional levels (Moleka, 2024a). 
Through this triadic foundation, MIP transcends conventional digital pedagogy, establishing a 

meta-intelligence orientation that simultaneously integrates cognitive, systemic, ethical, and 
innovation-focused capacities. 

3.2. Core Dimensions of MIP 

MIP operationalizes its vision through four interrelated dimensions: cognitive intelligence, 
systemic intelligence, ethical intelligence, and innovation intelligence. Each dimension represents a 
critical axis for designing AI-enhanced learning ecologies capable of supporting post-digital 
education. 

3.2.1. Cognitive Intelligence 

Cognitive intelligence encompasses the learner’s capacity for higher-order thinking, critical 
reasoning, and metacognitive reflection. In MIP, AI systems facilitate cognitive growth by: 
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• Providing adaptive scaffolds that guide learners toward progressively challenging tasks 
without prescribing rigid paths (Luckin et al., 2016). 

• Offering real-time feedback and analytics that help learners reflect on patterns of reasoning, 
problem-solving strategies, and knowledge integration (Holmes et al., 2022). 

• Supporting multi-modal learning, including simulations, interactive visualizations, and 
scenario-based tasks that enhance conceptual understanding and transferable skills (Mayer, 
2020). 
Unlike conventional adaptive systems, which primarily optimise performance metrics, MIP 

leverages AI to cultivate deep understanding, encouraging learners to navigate complexity, 
uncertainty, and ambiguity in ways that mirror real-world problem-solving. 

3.2.2. Systemic Intelligence 

Systemic intelligence refers to the capacity to understand, navigate, and influence complex 
networks and ecological relationships within educational and societal systems. Within MIP, this 
dimension emphasizes: 
• Viewing classrooms, online platforms, and institutional structures as interconnected ecosystems 

rather than isolated nodes (Carvalho & Goodyear, 2014). 
• Using AI to model interactions and emergent patterns, enabling learners to perceive 

dependencies, feedback loops, and systemic consequences of decisions (Davis & Sumara, 2006). 
• Promoting collaborative and networked learning, where AI assists in grouping learners 

strategically, mediating dialogue, and scaffolding collective problem-solving. 
By prioritising systemic intelligence, MIP shifts the focus from individualised learning outcomes 

to co-evolutionary learning, preparing students to operate effectively in complex, interdependent 
environments. 

3.2.3. Ethical Intelligence 

Ethical intelligence addresses the moral, social, and epistemic responsibilities inherent in AI-
mediated education. This dimension is central to MIP because technology-mediated learning can 
inadvertently reproduce bias, inequity, and epistemic injustice (Fricker, 2007; Williamson & Eynon, 
2020). AI systems within MIP are designed to: 
• Detect and mitigate bias, ensuring fairness and inclusivity across diverse learner populations. 
• Foster critical ethical reasoning, guiding learners to evaluate the societal and environmental 

consequences of decisions. 
• Promote value-sensitive design, embedding ethical considerations into both the architecture of 

AI systems and the structure of learning activities (Holmes et al., 2022). 

Ethical intelligence ensures that AI serves as a partner in nurturing reflective, responsible, and 
socially aware learners, rather than a mechanism for efficiency alone. 

3.2.4. Innovation Intelligence 

Innovation intelligence integrates the principles of innovationology, emphasizing creative 
problem-solving, experimentation, and adaptive innovation. AI within MIP supports this dimension 
by: 
• Facilitating scenario-based and project-oriented learning, where students explore novel 

solutions to open-ended problems (Moleka, 2025 ; Marrone, Taddeo & Hill, 2022). 
• Providing simulations of complex systems, allowing learners to test interventions in low-risk, 

virtual environments. 
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• Encouraging transdisciplinary connections, helping learners combine knowledge from multiple 
domains to generate innovative insights. 
This dimension transforms learning ecologies into generative spaces, where AI augments 

human creativity and fosters the capacity to co-create knowledge and solutions. 

3.3. MIP and Cognitive Ecologies 

By integrating these four dimensions, MIP conceptualizes AI-enhanced learning environments 
as cognitive ecologies—dynamic, adaptive, and relational networks of human and artificial agents. 
These ecologies are characterised by: 
1. Distributed Cognition: Intelligence emerges from interactions among learners, AI agents, 

teachers, and digital artefacts (Hutchins, 1995; Clark, 2008). 
2. Adaptive Feedback Loops: AI continuously monitors learner interactions, providing context-

sensitive interventions while preserving learner autonomy. 
3. Ethical Governance: Systems are designed to anticipate and mitigate biases, promote inclusion, 

and foreground epistemic justice. 
4. Innovation-Oriented Generativity: Learning ecologies encourage experimentation, creativity, 

and the emergence of novel knowledge and solutions (Chauncey & McKenna, 2024). 
Through this ecological lens, MIP reframes the role of AI from an instrument of automation to 

an intelligent partner in the co-construction of knowledge, capable of nurturing learners who are 
cognitively adept, systemically aware, ethically grounded, and innovation-oriented. 

3.4. Implications for Pedagogical Design 

The conceptual framework of MIP offers practical implications for designing AI-enhanced 
learning environments: 
• Curriculum Design: Integrate activities that cultivate cognitive, systemic, ethical, and 

innovation intelligence simultaneously. 
• Assessment Strategies: Move beyond standardized testing to assess meta-intelligence and 

systemic reasoning. 
• Teacher Roles: Reconceive educators as meta-intelligent facilitators, guiding AI-mediated 

ecologies rather than solely delivering content. 
• Policy Considerations: Encourage institutional policies that prioritize ethical AI deployment, 

inclusivity, and sustainable innovation in learning systems. 
By operationalizing MIP across these levels, education can transition from digital optimisation 

to meta-intelligent transformation, preparing learners to thrive in a complex, AI-mediated world. 
In summary, the Meta-Intelligent Pedagogy framework integrates complexity science, cognitive 

ecologies, and innovationology to reconceptualize AI in education. Through its four dimensions—
cognitive, systemic, ethical, and innovation intelligence—MIP provides a holistic, adaptive, and 
ethically informed paradigm for post-digital learning environments. The next sections of the paper 
will demonstrate the application of MIP through methodology, case studies, and illustrative 
scenarios, showing its transformative potential across diverse educational contexts. 

4. Methodology 

The study adopts a qualitative, multi-method approach to explore the design, implementation, 
and implications of Meta-Intelligent Pedagogy (MIP) in AI-enhanced learning environments. 
Recognizing the complexity and emergent nature of post-digital educational ecologies, the 
methodology integrates empirical analysis of real-world cases with speculative scenario exploration. 
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This dual strategy allows the research to remain grounded in observed educational practices while 
anticipating the transformative potential of AI in shaping future pedagogy. 

4.1. Research Design 

The study is framed as a conceptual-empirical synthesis, combining theoretical development 
with illustrative case studies. The rationale for this design is twofold: 
1. Theoretical articulation: MIP is a novel framework that requires rigorous conceptual grounding. 

Drawing from complexity science, cognitive ecologies, and innovationology, the study 
establishes the theoretical underpinnings necessary to interpret AI-enhanced learning beyond 
standard metrics of personalisation and automation (Moleka, 2025; Sawyer, 2014; Davis & 
Sumara, 2006). 

2. Empirical illustration: While conceptual frameworks are valuable, their applicability must be 
demonstrated. Case studies provide concrete examples of how AI is currently implemented in 
diverse educational contexts, including K-12 classrooms, higher education, and lifelong 
learning platforms. These cases help to validate and operationalize the dimensions of MIP, 
illustrating how cognitive, systemic, ethical, and innovation intelligence can be fostered in 
practice. 
This design reflects a post-digital epistemology, where the boundaries between theory, practice, 

and speculative foresight are permeable, allowing the study to generate insights that are both 
actionable and visionary. 

4.2. Case Study Selection 

Case studies were selected according to three criteria: 
1. Relevance to AI-enhanced learning: Only educational settings employing AI systems—such as 

adaptive learning platforms, intelligent tutoring systems, or collaborative AI-mediated 
environments—were considered. 

2. Diversity of educational contexts: To capture variability in post-digital learning ecologies, cases 
span early childhood education, higher education, and lifelong learning programs. 

3. Illustrative potential: Cases were chosen to highlight the practical integration of MIP 
dimensions, including ethical considerations, systemic intelligence, and innovation-oriented 
outcomes. 
Data for each case were drawn from secondary sources, including published studies, 

institutional reports, AI platform documentation, and publicly available evaluation metrics. When 
available, interviews and practitioner reflections were also incorporated to provide contextual depth 
and interpretive richness. 

4.3. Data Collection and Analysis 

The study employs documentary and qualitative content analysis to extract relevant insights 
from each case. Key procedures include: 
1. Identification of learning interventions: Mapping the AI tools, pedagogical designs, and 

curricular contexts in each case. 
2. Thematic coding: Using an inductive-deductive hybrid approach, data were coded according to 

the four MIP dimensions: cognitive, systemic, ethical, and innovation intelligence. This allowed 
for both confirmation of theoretical constructs and the identification of emergent patterns not 
previously anticipated. 
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3. Cross-case synthesis: Cases were compared to identify commonalities, divergences, and 
contextual influences, providing insight into the generalizability and adaptability of MIP across 
different learning environments. 
Qualitative analysis was complemented by visual mapping of learning ecologies, illustrating 

interactions between human learners, AI agents, and institutional structures. This approach aligns 
with the ecological and systemic orientation of MIP, highlighting feedback loops, emergent 
behaviors, and collaborative networks. 

4.4. Speculative Scenario Exploration 

In addition to empirical cases, the methodology incorporates speculative scenario building to 
explore the potential of AI-enhanced pedagogy beyond current practices. This involves: 
• Futuristic scenario design: Constructing plausible post-digital learning environments where AI 

co-evolves with human learners in ways that cultivate systemic and ethical intelligence. 
• Critical reflection: Evaluating opportunities and risks, including algorithmic bias, epistemic 

injustice, and potential dehumanization. 
• Integration with empirical findings: Scenarios are grounded in observed patterns from the case 

studies, ensuring that speculative insights remain informed by existing evidence. 
Speculative scenario exploration is particularly important for MIP, as it anticipates emergent 

possibilities that conventional empirical methods may not capture, including novel forms of 
collaboration, AI-mediated ethical deliberation, and innovation-driven problem-solving in 
educational ecologies. 

4.5. Methodological Rationale and Limitations 

The combination of empirical case studies and speculative foresight is intentionally aligned with 
the goals of MIP: 

• It respects the complexity and dynamism of post-digital learning ecologies, capturing both 

current practices and potential future developments. 

• It integrates cognitive, systemic, ethical, and innovation intelligence, ensuring that 

methodological design reflects the multidimensionality of the framework. 

• It allows for reflexive engagement, enabling the researcher to consider both human and AI 

perspectives within learning environments. 

However, certain limitations are acknowledged: 

1. Reliance on secondary data: While necessary for comparative analysis, secondary sources 

may lack depth in capturing learner experiences and contextual nuances. 

2. Speculative scenarios: Although informed by empirical evidence, these scenarios are 

necessarily conjectural and may not predict actual future developments. 

3. Scope and generalizability: The case studies are illustrative rather than exhaustive; findings 

may not generalize across all cultural or institutional contexts. 
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Despite these limitations, the methodology provides a robust and flexible approach for 
investigating the design and impact of Meta-Intelligent Pedagogy, balancing empirical rigor with 
imaginative foresight. 

In summary, the study employs a qualitative, multi-method approach to investigate AI-
enhanced learning ecologies through the lens of MIP. By combining case studies across diverse 
educational contexts with speculative scenario building, the methodology allows for a nuanced 
understanding of how AI can foster cognitive, systemic, ethical, and innovation intelligence. This 
approach ensures that the paper addresses both current practices and future possibilities, providing 
a comprehensive foundation for evaluating the transformative potential of Meta-Intelligent 
Pedagogy in post-digital education. 

5. Case Studies & Illustrative Applications 

This section presents a series of real-world examples of AI-enhanced learning environments, 
illustrating the practical applications of Meta-Intelligent Pedagogy (MIP). Each case demonstrates 
how cognitive, systemic, ethical, and innovation intelligence can be fostered in diverse educational 
contexts. The cases were selected to represent a range of educational levels, settings, and AI tools, 
reflecting the adaptability and ecological orientation of MIP. 

5.1. Case Study 1: Intelligent Tutoring Systems in Higher Education 

Context and AI Integration:  
In higher education, intelligent tutoring systems (ITS) such as Carnegie Learning’s MATHia 

have been widely implemented to support mathematics instruction. ITS employ AI algorithms to 
track student progress, identify knowledge gaps, and adaptively deliver personalised content (Pane 
et al., 2017). These systems offer a dynamic form of personalised learning that goes beyond static 
digital textbooks. 

MIP Dimensions Illustrated: 

• Cognitive Intelligence: MATHia provides real-time feedback, guiding students through 

problem-solving steps and prompting reflection on errors, thereby fostering higher-order 

thinking. 

• Systemic Intelligence: By aggregating data across cohorts, instructors gain insights into 

systemic learning patterns, allowing for targeted interventions and collaborative support 

structures. 

• Ethical Intelligence: Some ITS platforms incorporate bias detection, ensuring content is 

culturally inclusive and accessible to learners with diverse needs. 

• Innovation Intelligence: The system encourages exploration of multiple problem-solving 

strategies, enabling students to experiment with alternative approaches and develop 

adaptive problem-solving skills. 

Insights and Implications: 
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This case demonstrates that AI can enhance the depth and adaptability of learning when 
embedded in environments designed to support meta-intelligence, rather than solely optimising test 
scores. 

5.2. Case Study 2: AI-Mediated Collaborative Learning in Secondary Education 

Context and AI Integration: 
In secondary education, AI-powered platforms such as Edmodo + AI Collaborators have been 

used to facilitate collaborative project-based learning. AI agents support group formation, monitor 
interaction patterns, and provide prompts to scaffold critical discussion (Zawacki-Richter et al., 2019). 

MIP Dimensions Illustrated: 

• Cognitive Intelligence: AI scaffolds discussions by posing challenging questions that 

stimulate reasoning and reflection. 

• Systemic Intelligence: Platforms model social interaction networks, identifying students 

who may need additional support to fully participate, enhancing collaborative cohesion. 

• Ethical Intelligence: The system monitors communication patterns to prevent harassment or 

exclusion, promoting inclusivity and respectful dialogue. 

• Innovation Intelligence: AI suggests interdisciplinary connections and resources that allow 

learners to generate creative project outputs, bridging multiple knowledge domains. 

Insights and Implications: 
By mediating both cognitive and social dynamics, AI supports the emergence of distributed 

intelligence, where learning is co-constructed within a dynamic, adaptive ecology. 

5.3. Case Study 3: AI-Supported Inclusive Learning for Students with Disabilities 

Context and AI Integration: 
In inclusive education, platforms such as Microsoft’s Immersive Reader and Kurzweil 3000 

employ AI to enhance accessibility for students with learning differences, including dyslexia, visual 
impairments, and cognitive challenges (Agrahari, 2023). Features include text-to-speech, real-time 
translation, and adaptive content presentation. 

MIP Dimensions Illustrated: 

• Cognitive Intelligence: Adaptive reading and comprehension aids enable learners to engage 

with content at an appropriate level, fostering understanding and metacognition. 

• Systemic Intelligence: AI analytics allow educators to monitor progress across diverse 

needs, ensuring systemic support within the classroom ecology. 

• Ethical Intelligence: By addressing barriers to learning, these tools embody ethical 

responsibility, promoting equitable access to education. 
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• Innovation Intelligence: Learners can explore alternative learning strategies, using AI to 

experiment with multimodal content, enhancing creativity and adaptive learning skills. 

Insights and Implications: 
This case exemplifies how AI can be deployed ethically to create inclusive cognitive ecologies, 

reinforcing MIP’s emphasis on accessibility, systemic awareness, and responsible innovation. 

5.4. Case Study 4: AI in Lifelong Learning and Professional Development 

Context and AI Integration: 
In corporate and professional development contexts, platforms like Coursera + AI 

Recommendation Systems and LinkedIn Learning use AI to personalise learning pathways, suggest 
skill-building exercises, and track career progression. AI curates content based on learner profiles, 
industry trends, and skill gaps. 

MIP Dimensions Illustrated: 

• Cognitive Intelligence: Adaptive learning pathways support the acquisition of higher-order 

skills relevant to professional contexts. 

• Systemic Intelligence: AI identifies patterns in workforce learning and skill distribution, 

informing strategic decisions for both learners and organisations. 

• Ethical Intelligence: Data privacy and consent protocols are integrated to ensure 

responsible management of learner data. 

• Innovation Intelligence: Learners are encouraged to apply knowledge to real-world 

projects, experiment with novel approaches, and engage in cross-domain innovation 

challenges. 

Insights and Implications: 
AI-driven lifelong learning platforms demonstrate that MIP principles extend beyond formal 

education, enabling continuous cognitive and systemic development while fostering innovation in 
real-world problem-solving. 

5.5. Synthesis of Case Studies 

Across these cases, several cross-cutting insights emerge: 

1. Integration of AI into Cognitive Ecologies: In all contexts, AI functions not as a mere 

delivery mechanism but as an active participant in learning networks, aligning with the 

ecological orientation of MIP. 
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2. Balancing Personalisation with Systemic Awareness: While adaptive systems optimise 

individual trajectories, MIP emphasizes the importance of systemic intelligence, ensuring 

learners remain embedded within collaborative and socially responsible networks. 

3. Ethical and Inclusive Design: Cases highlight the centrality of ethical intelligence, 

demonstrating that responsible AI deployment can mitigate bias, promote inclusivity, and 

enhance epistemic justice. 

4. Fostering Innovation and Experimentation: Across levels and contexts, AI supports 

innovation intelligence, encouraging learners to experiment, connect knowledge across 

domains, and co-create solutions. 

Collectively, these applications illustrate the transformative potential of Meta-Intelligent 
Pedagogy. By operationalising its four dimensions, AI-enhanced learning environments can cultivate 
learners who are cognitively sophisticated, systemically aware, ethically grounded, and innovation-
oriented—capable of navigating the challenges of the post-digital era. 

5.6. Implications for Practice 

The case studies suggest several practical strategies for educators and policymakers: 

• Design learning ecologies that integrate AI thoughtfully to support both individual growth 

and systemic awareness. 

• Embed ethical considerations at every stage of AI integration, from platform design to 

instructional strategy. 

• Encourage innovation-oriented tasks, where learners use AI to explore new solutions rather 

than solely consume curated content. 

• Develop teacher competencies in AI facilitation, positioning educators as guides of meta-

intelligent learning ecologies rather than traditional content deliverers. 

This section demonstrates that AI, when embedded within well-designed cognitive ecologies, 
can advance the principles of Meta-Intelligent Pedagogy. Real-world applications across formal 
education, inclusive settings, and lifelong learning illustrate the practical feasibility of cultivating 
cognitive, systemic, ethical, and innovation intelligence. The next sections will discuss theoretical, 
ethical, and policy implications, highlight limitations, and propose directions for future research and 
pedagogical innovation. 

6. Discussion and Implications 
This section critically examines the findings from the case studies and situates them within the 

broader theoretical and practical discourse on AI-enhanced education. Drawing on the conceptual 
framework of Meta-Intelligent Pedagogy (MIP), the discussion highlights the transformative 
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potential of AI while addressing the ethical, systemic, and innovation-oriented dimensions of post-
digital learning. 

6.1. Advancing Cognitive Intelligence in AI-Enhanced Learning 

The case studies demonstrate that AI systems can significantly enhance learners’ cognitive 
capacities, supporting higher-order thinking, metacognition, and adaptive problem-solving. 
Platforms such as intelligent tutoring systems (e.g., MATHia) provide real-time feedback and 
scaffolded interventions that encourage reflection, reasoning, and conceptual integration (Holmes et 
al., 2022; Pane et al., 2017). 

However, the discussion highlights a critical insight: AI alone is insufficient to cultivate cognitive 
intelligence. Pedagogical design must deliberately embed tasks that require critical evaluation, 
hypothesis generation, and knowledge synthesis. MIP emphasizes the importance of meta-
intelligence, where learners not only acquire skills but also develop the capacity to monitor, regulate, 
and adapt their own learning processes (Sawyer, 2014). 

Implications for practice: Educators should leverage AI as a cognitive partner, designing 
activities that require active engagement, reflection, and problem-solving. Assessment should move 
beyond standardized metrics to measure meta-cognitive and systemic reasoning, fostering deeper 
learning outcomes. 

6.2. Enhancing Systemic Intelligence Through AI 

A central contribution of MIP is the emphasis on systemic intelligence, or the ability to perceive, 
interpret, and influence complex networks of human and technological agents. AI tools that model 
learner interactions and social dynamics, as seen in collaborative platforms, enable educators and 
learners to identify patterns, dependencies, and emergent behaviors within educational ecologies 
(Carvalho & Goodyear, 2014; Davis & Sumara, 2006). 

Systemic intelligence is particularly crucial in post-digital learning environments, where 
knowledge is distributed across multiple agents, devices, and platforms. By visualizing interactions 
and adaptive pathways, AI facilitates a networked understanding of learning, helping students and 
educators navigate complexity rather than simply optimise outcomes. 

Implications for practice: Curriculum designers should create AI-mediated learning ecologies 
that emphasize interconnectivity and collaboration. Learners should be encouraged to engage in 
collective problem-solving, using AI analytics to inform decision-making and anticipate systemic 
consequences. 

6.3. Ethical Intelligence and Responsible AI 

The ethical dimension of AI in education is a central concern, encompassing issues of bias, 
privacy, inclusion, and epistemic justice (Fricker, 2007; Williamson & Eynon, 2020). The case studies 
reveal that AI can promote inclusivity and accessibility when thoughtfully designed (e.g., Microsoft 
Immersive Reader, Kurzweil 3000), but risks persist if AI systems reinforce existing inequities or 
marginalize certain learners. 

MIP advocates ethical intelligence as a core dimension of learning. This entails designing AI 
systems and pedagogical practices that foster critical ethical reasoning, encourage reflection on 
societal and environmental impacts, and proactively address inequities. Ethical intelligence is 
inseparable from cognitive and systemic intelligence: learners must be capable of evaluating the 
implications of their actions within complex socio-technical systems. 

Implications for practice: Institutions should adopt value-sensitive AI design principles, 
incorporate ethics into curriculum, and train educators to facilitate discussions on AI bias, privacy, 
and social responsibility. Policy frameworks must safeguard learner data and promote equitable 
access to AI-enhanced learning opportunities. 
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6.4. Innovation Intelligence: Cultivating Creativity and Adaptive Capacity 

Innovation intelligence, as conceptualized in MIP, emphasizes learners’ ability to generate novel 
solutions, experiment, and engage in adaptive problem-solving across domains (Moleka, 2025). The 
case studies highlight that AI can enhance innovation by providing scenario-based simulations, 
interdisciplinary resources, and adaptive project challenges. In professional development and 
lifelong learning contexts, AI helps learners identify skill gaps, connect knowledge across domains, 
and test innovative solutions in virtual environments. 

By fostering innovation intelligence, AI-supported learning moves beyond static knowledge 
acquisition to knowledge co-creation, enabling learners to respond effectively to dynamic, uncertain, 
and complex challenges (Barnett, 2014; Biesta, 2017). 

Implications for practice: Educators should design tasks that integrate experimentation, 
interdisciplinary collaboration, and real-world problem-solving, using AI to scaffold exploration and 
feedback. Institutions should prioritize innovation-driven curricula that leverage AI for adaptive and 
creative learning pathways. 

6.5. Policy and Institutional Implications 

The implementation of MIP within AI-enhanced learning ecologies has important policy 
implications: 

1. Data Governance: Institutions must ensure robust policies for learner data privacy, security, 

and transparency. Ethical AI deployment should align with international standards and 

local regulations. 

2. Teacher Training: Educators require professional development in AI facilitation, meta-

intelligent pedagogy, and ethical guidance to navigate the complex dynamics of AI-

enhanced classrooms. 

3. Infrastructure Investment: Equitable access to AI technologies, high-speed internet, and 

digital devices is essential to prevent digital divides. 

4. Curriculum Innovation: Policies should incentivize curricula that integrate cognitive, 

systemic, ethical, and innovation intelligence, rather than focusing solely on content 

delivery. 

These policy directions support the holistic adoption of MIP, ensuring that AI functions as a 
transformative agent rather than a mere technological instrument. 

7. Limitations and Future Directions  

7.1. Limitations and Critical Considerations 

While MIP provides a robust framework, several limitations and challenges warrant 
consideration: 
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• Context-Specificity: The effectiveness of AI-enhanced ecologies depends on local contexts, 

including cultural norms, institutional capacity, and learner diversity. 

• AI Design Constraints: Current AI systems are limited in their ability to fully model human 

cognition, ethics, or creativity. Pedagogical interventions must complement AI capabilities. 

• Longitudinal Impact: The long-term effects of AI-mediated MIP on learner development, 

social equity, and systemic intelligence remain to be empirically validated. 

• Ethical Dilemmas: Despite safeguards, AI may inadvertently perpetuate bias, surveillance, 

or inequity. Continuous critical evaluation is necessary to mitigate these risks. 

Acknowledging these limitations ensures that MIP is applied reflectively and adaptively, with 
attention to both possibilities and risks. 

7.2. Directions for Future Research 

The discussion identifies several avenues for future research: 

1. Empirical Validation: Longitudinal studies tracking cognitive, systemic, ethical, and 

innovation outcomes in AI-mediated MIP environments. 

2. Cross-Cultural Applications: Investigating MIP implementation in diverse socio-cultural 

and educational contexts, including low-resource and indigenous learning environments. 

3. AI-Enhanced Ethics Education: Designing and evaluating AI systems that support ethical 

reasoning and decision-making in learning. 

4. Innovation-Oriented Metrics: Developing assessment frameworks for measuring 

innovation intelligence, systemic awareness, and meta-cognitive capacities. 

5. Co-Design Approaches: Engaging learners and educators in participatory AI design to 

enhance ecological validity and ethical alignment. 

These research directions will contribute to the evidence base, refinement, and scaling of MIP in 
post-digital education. 

The discussion demonstrates that Meta-Intelligent Pedagogy offers a holistic framework for 
harnessing AI’s potential while addressing its ethical and systemic implications. By integrating 
cognitive, systemic, ethical, and innovation intelligence, MIP: 

• Moves beyond digital optimisation toward meta-intelligent learning ecologies. 

• Embeds ethical reasoning and inclusivity as central, not peripheral, considerations. 
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• Fosters creative, adaptive, and reflective learners equipped for complex, interconnected, 

and uncertain futures. 

• Provides a policy-relevant blueprint for institutions seeking to implement AI responsibly 

and effectively. 

In sum, MIP offers both a conceptual and practical pathway for designing AI-enhanced 
education that is transformative, responsible, and innovation-oriented, aligning with the evolving 
demands of post-digital learning environments. 

8. Conclusion 
This article has presented Meta-Intelligent Pedagogy (MIP) as a holistic, adaptive, and context-

sensitive framework for AI-enhanced learning in the post-digital age. By integrating complexity 
science, cognitive ecologies, and innovationology, MIP reconceptualizes pedagogy as a dynamic, 
multi-dimensional process, wherein AI functions not merely as a tool but as an active participant in 
the co-construction of knowledge. 

8.1. Summary of Key Insights 

The conceptual framework and empirical illustrations underscore several critical insights: 

1. Cognitive Intelligence: AI can significantly enhance learners’ higher-order thinking, 

metacognitive awareness, and adaptive problem-solving skills. By providing personalised 

scaffolding, real-time feedback, and multi-modal learning experiences, AI supports the 

development of deep and reflective learning capacities (Holmes et al., 2022). 

2. Systemic Intelligence: Learning environments are increasingly interconnected, and AI-

mediated platforms enable learners to perceive and navigate complex networks of human, 

technological, and institutional agents. This systemic awareness fosters collaborative and 

networked problem-solving, preparing learners for real-world, interdependent challenges 

(Carvalho & Goodyear, 2014; Davis & Sumara, 2006). 

3. Ethical Intelligence: Ethical considerations are central to the deployment of AI in education. 

By integrating fairness, inclusivity, and epistemic responsibility, MIP ensures that AI 

enhances access to learning while mitigating risks of bias, inequity, and dehumanization 

(Fricker, 2007; Williamson & Eynon, 2020). 

4. Innovation Intelligence: AI facilitates the development of creativity, experimentation, and 

adaptive innovation. Across formal and informal learning contexts, AI supports learners in 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 August 2025 doi:10.20944/preprints202508.1848.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1848.v1
http://creativecommons.org/licenses/by/4.0/


 18 of 20 

 

generating novel solutions, interdisciplinary insights, and knowledge co-creation, aligning 

with innovationology principles (Barnett, 2014). 

Collectively, these dimensions demonstrate that MIP provides a meta-intelligent orientation, 

integrating cognitive, systemic, ethical, and innovation capacities to cultivate learners who are 

prepared for the complexities of a post-digital world. 

8.2. Contributions to Theory and Practice 

This study makes several contributions: 

• Theoretical Advancement: By articulating MIP, the paper extends existing frameworks in 

digital pedagogy, adaptive learning, and AI education. It offers a multi-dimensional lens 

that situates AI within cognitive ecologies, emphasizing emergent, relational, and ethical 

aspects of learning. 

• Practical Relevance: Case studies illustrate concrete strategies for implementing MIP across 

K-12, higher education, inclusive learning, and lifelong learning contexts. They provide 

actionable insights for educators, curriculum designers, and policymakers seeking to 

leverage AI responsibly and effectively. 

• Policy Implications: The findings inform policy directions in data governance, teacher 

training, equitable access, and innovation-driven curricula, offering a comprehensive 

blueprint for institutions aiming to integrate AI-enhanced learning ecologies ethically and 

sustainably. 

8.3. Future Outlook 

The post-digital educational landscape is characterized by rapid technological evolution, 
complex learning ecologies, and increasing demands for ethical and systemic literacy. MIP provides 
a forward-looking framework capable of addressing these dynamics: 

• Scalability: As AI tools become more accessible, MIP can be adapted to diverse educational 

contexts, ensuring inclusivity and responsiveness to local needs. 

• Integration of Emerging Technologies: Beyond current AI systems, MIP can accommodate 

advancements in machine learning, natural language processing, virtual reality, and 

intelligent tutoring, enabling richer, more interactive learning ecologies. 
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• Sustainability and Resilience: By fostering systemic intelligence and ethical reasoning, MIP 

equips learners to engage with societal and environmental challenges, supporting 

sustainable development goals and responsible innovation. 

Future research should focus on longitudinal impact studies, cross-cultural applications, and 
participatory AI design, further validating and refining MIP as a transformative pedagogy. 

8.4. Concluding Reflections 

Meta-Intelligent Pedagogy represents a paradigmatic shift in educational thought and practice. 
By emphasizing cognitive, systemic, ethical, and innovation intelligence, it transcends conventional 
digital pedagogy, moving toward post-digital, AI-enhanced learning ecologies that are adaptive, 
inclusive, and forward-looking. 

The integration of AI as an intelligent partner—rather than a mere technological instrument—
enables educators and learners to co-create knowledge, navigate complexity, and innovate 
responsibly. In doing so, MIP positions education not only as a process of knowledge acquisition but 
as a transformative ecosystem, preparing learners to thrive in uncertain, interconnected, and rapidly 
evolving socio-technical environments. 

In conclusion, the Meta-Intelligent Pedagogy framework offers a roadmap for harnessing AI’s 
transformative potential while safeguarding ethical principles, systemic awareness, and innovation-
driven learning. By operationalizing MIP across diverse educational contexts, institutions can foster 
learners who are reflective, adaptive, ethical, and creative, equipping them with the meta-intelligent 
capacities essential for the post-digital age. 

References 

1. Agrahari, S. K. (2023). The Crucial Role of Accessibility Tools and Software in Meeting the Needs of 

Individuals with Learning Disabilities. Cutting Edge in Special Education, 121. 

2. Barnett, R. (2014). The future university: Ideas and possibilities. Routledge. 

3. Biesta, G. (2017). The rediscovery of teaching. Routledge. 

4. Carnegie Learning. (2023). MATHia: Intelligent tutoring for mathematics. 

https://www.carnegielearning.com/mathia 

5. Carvalho, L., & Goodyear, P. (2014). The architecture of productive learning networks. Routledge. 

6. Chauncey, S. A., & McKenna, H. P. (2024). Creativity and innovation in civic spaces supported by cognitive 

flexibility when learning with AI chatbots in smart cities. Urban Science, 8(1), 16. 

7. Cloude, E. B., Chapman, R., Azevedo, R., Castiglioni, A., LaRochelle, J., Hernandez, C., & Torre, D. (2025). 

Novice and expert self-regulated learning phase transitions in medical diagnosis: Implications for adaptive 

and intelligent systems. Instructional Science, 1-28. 

8. Coursera. (2023). AI-powered personalized learning. https://www.coursera.org 

9. Davis, B., & Sumara, D. (2006). Complexity and education: Inquiries into learning, teaching, and research. 

Lawrence Erlbaum Associates. 

10. Fricker, M. (2007). Epistemic injustice: Power and the ethics of knowing. Oxford University Press. 
11. Gibson, D., Kovanovic, V., Ifenthaler, D., Dexter, S., & Feng, S. (2023). Learning theories for artificial 

intelligence promoting learning processes. British Journal of Educational Technology, 54(5), 1125-1146. 
12. Holmes, W., Bialik, M., & Fadel, C. (2022). Artificial intelligence in education: Promises and implications for 

teaching and learning. Center for Curriculum Redesign. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 August 2025 doi:10.20944/preprints202508.1848.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1848.v1
http://creativecommons.org/licenses/by/4.0/


 20 of 20 

 

13. Kolt, N., Shur-Ofry, M., & Cohen, R. (2025). Lessons from complex systems science for AI 

governance. Patterns. 

14. Kurzweil Education. (2023). Kurzweil 3000: Assistive technology for literacy. 

https://www.kurzweiledu.com/products/kurzweil-3000.html 

15. LinkedIn Learning. (2023). AI-enhanced skill development. https://www.linkedin.com/learning 

16. Marrone, R., Taddeo, V., & Hill, G. (2022). Creativity and artificial intelligence—A student 

perspective. Journal of Intelligence, 10(3), 65. 

17. Microsoft. (2023). Immersive Reader. Microsoft Education. https://education.microsoft.com/en-

us/resource/8f08e2b9 

18. Moleka, P. (2024a). Innovationology: A Comprehensive, Transdisciplinary Framework for Driving 

Transformative Innovation in the 21st Century. doi: 10.20944/preprints202409.0700.v1 

19. Moleka, P. (2024b). Innovationology: A Goundbreaking Transdisciplinary Framework for Sustainable and 

Equitable Development in Africa. International Journal of Social Sciences and Management Review, 7(5), 178-

193. 

20. Moleka, P. (2025). Noésologie: Pour une science Autonome de l’Intelligence dans la Renaissance 

Pluriverselle. Available at SSRN 5377039. 

21. Pane, J. F., Steiner, E. D., Baird, M. D., Hamilton, L. S., & Pane, J. D. (2017). Informing progress: Insights on 

personalized learning implementation and effects. RAND Corporation. 

22. Sawyer, R. K. (2014). The Cambridge handbook of the learning sciences (2nd ed.). Cambridge University Press. 

23. Smart, P. (2017). Situating machine intelligence within the cognitive ecology of the internet. Minds and 

Machines, 27(2), 357-380. 

24. Suh, J. K., Hand, B., Ercan-Dursun, J., Sahin, E., & Fulmer, G. (2024). Exploring the complexity of adaptive 

teaching expertise within knowledge generation environments. Education Sciences, 14(4), 415. 

25. Turner, J. R., & Baker, R. M. (2019). Complexity theory: An overview with potential applications for the 

social sciences. Systems, 7(1), 4. 

26. Williamson, B., & Eynon, R. (2020). Learning in the ‘post-truth’ era: Education, data and AI in a digital society. 

Learning, Media and Technology, 45(3), 227–236. https://doi.org/10.1080/17439884.2020.1747491 

27. Zawacki-Richter, O., Marín, V. I., Bond, M., & Gouverneur, F. (2019). Systematic review of research on 

artificial intelligence applications in higher education – Where are the educators? International Journal of 

Educational Technology in Higher Education, 16(1), 39. https://doi.org/10.1186/s41239-019-0171-0 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of 
the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 August 2025 doi:10.20944/preprints202508.1848.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.1848.v1
http://creativecommons.org/licenses/by/4.0/

