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Abstract
[bookmark: _GoBack]Artificial intelligence (AI) is rapidly reshaping the nature of work, communication, and civic life, positioning AI literacy as an essential competency for learners in the 21st century. Education systems are increasingly tasked with integrating AI concepts, yet uncertainty persists about what knowledge and skills should be prioritized, how they should be taught, and which frameworks best support scalable adoption. This narrative review synthesizes emerging literature on AI literacy curriculum design to provide clarity on the field’s evolving foundations. Relevant scholarship was identified through academic database searches and thematic analysis, including peer-reviewed studies, educational frameworks, and policy documents published between 2016 and 2025. The review identifies four primary competency domains—technical knowledge, ethical and societal awareness, human–AI collaboration, and problem-solving and creativity—and highlights pedagogical approaches that promote active, critical, and experiential learning. However, significant gaps remain, particularly regarding equitable access, teacher preparedness, and alignment of policy with rapidly advancing technology. The findings underscore the need for coordinated, research-informed frameworks that embed ethics, inclusion, and adaptability at every level of implementation. Future research and policy efforts should focus on establishing universal learning standards and sustainable support structures to ensure that AI literacy becomes a fundamental and accessible component of modern education.	Comment by hp: Centralize the whole main work
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1. Introduction	Comment by hp: Need to be elaborated
1.1 Global rise of artificial intelligence and implications for education
Artificial intelligence (AI) has rapidly transitioned from a specialized technological domain to a ubiquitous and transformative force influencing nearly every sector of society. AI systems increasingly mediate how individuals communicate, learn, work, and solve problems. These advancements have created urgent demand for a population capable of not only using AI technologies but also understanding their underlying principles, ethical implications, and societal impact. Education systems worldwide are therefore under mounting pressure to integrate AI-related competencies into curricula to prepare learners for participation in AI-enhanced economies and democratic processes(Brandao, 2025).
1.2 Definition and evolving scope of “AI literacy”
The concept of AI literacy has emerged as a critical response to these demands. However, its scope remains dynamic and contested. Early notions emphasized technical knowledge, such as understanding machine learning and automation processes. More recent perspectives extend AI literacy to include data awareness, human-AI collaboration skills, and ethical reasoning related to fairness, transparency, and accountability. AI literacy is thus increasingly framed as a multidimensional competency set that enables individuals to critically interact with and shape AI systems rather than function as passive users(Polat, 2025).
1.3 The need for structured and scalable curricular guidance
Despite growing recognition of AI’s educational significance, clear curriculum design standards remain limited. Existing initiatives often operate in isolation, vary widely in depth, and may disproportionately serve well-resourced institutions. Educators continue to report uncertainty about what AI-related knowledge and skills should be taught, at which developmental stages, and through what pedagogical approaches. Systemic challenges—including teacher preparedness, resource disparities, and the fast-evolving nature of AI technologies—further underscore the need for coordinated frameworks that are both scalable and adaptable across diverse learning environments(Kim & Wargo, 2025).
1.4 Rationale for a narrative review approach
Given the emerging, interdisciplinary, and rapidly shifting nature of the field, a narrative review offers a suitable methodology to synthesize conceptual models and practical approaches published across educational research, computer science, and policy discourse. Unlike narrower systematic reviews, a narrative approach allows flexible interpretation of diverse evidence types and supports the development of an integrated perspective on the theoretical, pedagogical, and implementation dimensions of AI literacy.
1.5 Research questions
This review is guided by the following questions:
· What conceptual frameworks exist for AI literacy curriculum design?	Comment by hp: Remove bullet and use numbers
· What pedagogical models are emerging to support learner engagement and competencies?
· What gaps persist in current educational pathways?
Together, these questions aim to build a foundation for informed curriculum reform that supports equitable, responsible, and future-ready AI literacy education.
2. Methodology
2.1 Narrative review justification vs. systematic review
A narrative review methodology was employed to capture the breadth and conceptual evolution of AI literacy as it appears across multiple disciplinary domains, including education, computer science, cognitive science, and digital ethics. While systematic reviews are valuable for clearly bounded topics with established constructs and measurable outcomes, AI literacy is an emerging field with diverse and evolving interpretations. A narrative approach allows for a more flexible, context-sensitive synthesis of theoretical frameworks, policy perspectives, and pedagogical models, enabling the integration of heterogeneous evidence types that may be excluded in stricter systematic protocols.
2.2 Search strategy and inclusion criteria
Relevant literature was identified through an iterative search strategy combining database queries, citation chaining, and targeted searches of policy and organizational reports. Inclusion criteria focused on publications that:
1. Explicitly addressed AI literacy, AI education, or curriculum design for AI competencies;
2. Provided a theoretical framework, pedagogical model, or empirical examination related to curriculum development;
3. Were published in peer-reviewed journals, reputable conference proceedings, or recognized educational and policy sources;
4. Were available in English.
Exclusion criteria included studies focused solely on narrow technical AI instruction without a literacy or pedagogical dimension, and non-scholarly sources lacking evidence-based contributions.
2.3 Databases and timeframe of selected studies
Searches were conducted across major scholarly databases including Scopus, Web of Science, ERIC, IEEE Xplore, and Google Scholar. Given the contemporary nature of AI literacy scholarship, the review emphasized work published between 2016 and 2025, aligning with the acceleration of global AI education initiatives. Foundational earlier works were also included selectively when influential to conceptual development.
2.4 Analytical and thematic synthesis approach
A thematic synthesis approach guided data extraction and analysis. Selected literature was coded according to recurring themes such as competency frameworks, ethics integration, learner engagement strategies, assessment models, and barriers to curriculum adoption. These codes were iteratively refined to construct higher-level categories representing:
· Conceptual foundations of AI literacy
· Curriculum design frameworks
· Pedagogical and assessment models
· Implementation challenges and equity considerations
This analytical process supported the development of a synthesized map of emerging trends and gaps across educational contexts.

2.5 Limitations of review design
As a narrative review, this study does not claim exhaustive coverage of all available literature and may reflect a degree of selection bias despite a systematic search strategy. The rapid growth of AI education scholarship means that new frameworks and pedagogical innovations may continue to emerge beyond the review timeframe. Additionally, the focus on English-language sources may limit representation of non-Western perspectives that could contribute meaningfully to global curriculum design.
3. Conceptual Foundations of AI Literacy
3.1 Definitions of AI literacy across contexts
AI literacy is broadly understood as the knowledge, skills, and dispositions enabling individuals to interact effectively, critically, and responsibly with artificial intelligence systems. However, its definition varies depending on disciplinary and educational contexts. In computer science education, AI literacy often emphasizes foundational technical concepts such as algorithms, data, and learning processes. In social science and policy contexts, it expands to include awareness of AI’s implications for society, labor, and governance. Within K–12 settings, definitions prioritize age-appropriate conceptual understanding and engagement rather than technical mastery. Collectively, these perspectives highlight AI literacy as a multidimensional construct that must be adaptable to learners’ developmental needs and sociocultural realities(Salhab & Aboushi, 2025).
3.2 Competency domains commonly cited
Despite contextual variations, several competency domains consistently emerge in the literature as core to AI literacy education:
Technical knowledge
Learners should understand fundamental AI principles including machine learning, data representation, automation, and computational logic. Rather than training future specialists exclusively, this domain focuses on conceptual understanding that supports informed participation in AI-mediated environments(Lee & Lee, 2025).
Ethical and societal awareness
AI literacy requires the ability to evaluate issues of fairness, privacy, accountability, sustainability, and the broader societal impacts of automated decision-making. Cultivating ethical reasoning ensures that learners are equipped to engage in democratic discourse and contribute to responsible AI development and use(Schiff, 2022).


Human–AI collaboration
As AI-powered systems increasingly augment human cognition and labor, students must learn how to collaborate with intelligent tools, understand system limitations, and apply critical oversight to automated outputs. This competency promotes agency and resilience in hybrid human–machine workspaces(Gandía et al., 2025).
Problem-solving and creativity
AI offers new modalities for inquiry and innovation. Learners should develop the ability to design, experiment, and iterate solutions with AI as a partner in creativity and computational problem-solving. This extends AI literacy beyond comprehension toward active empowerment.
3.3 Relation to existing literacies (digital, data, computational)
AI literacy builds upon and intersects with multiple established learning domains. Like digital literacy, it involves navigating and interpreting technology. Like data literacy, it requires understanding data-driven decision-making. And like computational thinking, it engages algorithmic reasoning. Yet AI literacy uniquely integrates automation, autonomy, and adaptive intelligence—demanding deeper critical reflection on the boundaries between human intention and machine agency. These overlaps suggest that AI literacy should not be taught in isolation but rather as an expansion of a broader 21st-century literacy ecosystem(Lin et al., 2025).
3.4 Policy and global education initiatives driving AI literacy
Governments, international organizations, and industry bodies have launched initiatives positioning AI literacy as a strategic priority. Many national curricula now include AI competencies, often framed around digital transformation, economic innovation, and civic preparedness. Transnational projects led by educational consortia emphasize inclusivity, aiming to prevent widening inequality between learners with and without access to AI knowledge. Such policy momentum reinforces the need for coherent, research-informed guidance to ensure that AI literacy curricula are responsive to both global workforce demands and ethical obligations to foster responsible technological citizenship(Schiff, 2022).
4. Emerging Frameworks for AI Literacy Curriculum Design
4.1 K–12 frameworks
K–12 AI literacy frameworks primarily aim to introduce foundational concepts in developmentally appropriate ways. Many models embed AI learning within broader computational thinking curricula, using algorithmic reasoning and data exploration as entry points to understanding intelligent systems. This approach positions AI as an extension of existing STEM education rather than wholly new content, enabling smoother adoption in schools.
At the same time, there is a growing emphasis on age-appropriate conceptualization of AI. Early primary students may engage through tangible activities such as robotics or rule-based games to explore ideas of perception and decision-making. Secondary students increasingly address machine learning, data ethics, and real-world applications. These frameworks consistently promote inquiry-based learning, encouraging students to explore how AI affects their daily lives and communities(Yim & Su, 2025).
4.2 Higher education frameworks
In higher education, AI literacy frameworks are expanding into interdisciplinary and domain-specific pathways. While technical programs continue to advance specialized AI competency, non-technical majors are now integrating AI concepts relevant to their fields—such as AI in healthcare, finance, design, and public policy. These frameworks emphasize productive human–AI collaboration, ethical literacy, and future-of-work readiness. Universities are increasingly adopting flexible micro-credentialing models to support continuous upskilling, reflecting the evolving demands of the AI-driven labor market(Biagini, 2025).
4.3 Industry-driven and non-formal learning models
Outside formal schooling, technology companies, nonprofit organizations, and community programs are becoming major contributors to AI literacy education. These initiatives often focus on rapid skill development, exposing learners to practical tools such as conversational AI, data annotation, and machine learning platforms. Industry frameworks typically emphasize hands-on experiences and workforce alignment but may place less emphasis on critical societal perspectives. Non-formal learning contexts—such as maker spaces, online courses, and youth innovation programs—play an important role in widening access and motivation, particularly for underserved populations(Walter, 2024).
4.4 Comparative analysis of major frameworks
Across K–12, higher education, and non-formal environments, frameworks vary substantially in their scope, depth, and pedagogical emphasis. While some focus heavily on technical competencies, others prioritize civic and ethical understanding. Ethics integration ranges from being treated as a standalone topic to being embedded throughout instruction, with the latter increasingly viewed as a best practice. Accessibility also differs across global and socioeconomic contexts—well-resourced schools often have pathways unavailable to marginalized learners. These variations highlight the lack of standardized benchmarks for what constitutes comprehensive and equitable AI literacy(Paraskeva-Hadjichambi et al., 2020). Table 1 compares major AI literacy frameworks identified in the literature, highlighting their target audience, core competency domains, and distinctive pedagogical or policy orientations. This comparison underscores variations in scope, ethical integration, and adaptability across educational contexts.
Table 1. Comparative Overview of Major AI Literacy Frameworks and Competency Domains
	Framework / Source
	Educational Level or Context
	Core Competency Domains
	Pedagogical Orientation
	Distinctive Features / Focus Areas

	Long & Magerko (2020) – “What is AI Literacy?” Framework(Long & Magerko, 2020)
	General / K–12
	1. Knowing and understanding AI
2. Using AI
3. Evaluating AI
4. Ethical and societal awareness
	Constructivist, inquiry-based
	Defines foundational dimensions of AI literacy; widely cited baseline model for general learners.

	UNESCO (2023) – “AI Competency Framework for Teachers”(AI Competency Framework for Teachers - UNESCO Digital Library, n.d.)
	K–12 / Teacher Education
	1. Technical understanding
2. Pedagogical integration
3. Ethical and policy literacy
	Human-centered, ethics-first
	Focuses on teacher capacity-building and policy alignment; emphasizes responsible classroom use.

	MIT Media Lab (2021) – “K–12 AI Literacy Framework”(Project Overview ‹ Impact.AI, n.d.)
	Primary & Secondary Education
	1. Perception and representation
2. Learning and reasoning
3. Natural interaction
4. Societal impact
	Project-based, experiential
	Uses hands-on activities (robotics, ML experiments); integrates social and technical dimensions.

	AI4K12 Initiative (Touretzky et al., 2019)(AI4K12, n.d.)
	K–12
	1. Representation & reasoning
2. Learning
3. Natural interaction
4. Societal implications
5. Perception
	Inquiry-based, spiral curriculum
	Establishes five “big ideas of AI”; scaffolds learning across grade bands.

	OECD (2022) – “AI and the Future of Skills” Framework(AI and the Future of Skills, Volume 2, 2023)
	Secondary / Tertiary / Workforce
	1. Human–AI collaboration
2. Ethics & governance
3. Data & computational literacy
4. Innovation & creativity
	Interdisciplinary, reflective
	Emphasizes lifelong learning, global citizenship, and equitable participation in AI-driven economies.

	Microsoft & ISTE (2021) – “AI Explorations Framework”
	K–12 / Teacher PD
	1. AI concepts
2. Practical applications
3. Societal implications
	Project-based, practice-oriented
	Integrates AI toolkits for classroom use; aligns with STEM and computer science standards.


4.5 Gaps: equity, teacher readiness, scalability
Despite promising progress, several persistent gaps challenge scalable curriculum adoption:
· Equity concerns: Unequal access to technology and expertise risks deepening digital and social divides.
· Teacher readiness: Many educators lack confidence or training in AI pedagogy, limiting implementation quality.
· Scalability: Programs often remain pilot-based or siloed, without sustained policy or institutional support.
· Curricular coherence: Fragmented efforts result in overlapping or inconsistent learning expectations across grade levels.
Addressing these gaps requires coordinated systems-level action and resources to ensure that AI literacy opportunities are distributed fairly and sustainably. Figure 1 presents the conceptual ecosystem underlying AI literacy curriculum design, emphasizing the interconnections between teacher capacity, curricular structure, student engagement, and supporting infrastructure.
[image: ]
Figure 1. Conceptual Ecosystem of AI Literacy Curriculum. This conceptual diagram illustrates the interdependent components of the AI literacy curriculum ecosystem. It positions teacher training, curriculum design, student learning, and resources and tools as interconnected domains supported by cross-sector collaboration. The central brain icon symbolizes the integration of technical knowledge, ethical awareness, and human–AI collaboration at the core of AI literacy education. The cyclical structure reflects the dynamic feedback between pedagogy, policy, and practice.

5. Pedagogical Models Supporting AI Literacy
5.1 Constructivist and inquiry-based learning approaches
Constructivist pedagogy forms a foundational approach to AI literacy instruction. Inquiry-based models encourage learners to develop their own understanding of AI by questioning how intelligent systems perceive, learn, and act. Students are positioned as active knowledge builders rather than passive recipients of information, engaging in exploration, reflection, and collaborative discourse. This model also supports the development of critical thinking skills as learners analyze the assumptions and limitations embedded in AI technologies(Wang et al., 2025).
5.2 Project-based and experiential learning
Project-based and experiential learning approaches provide authentic contexts in which students can design, test, and evaluate AI systems. Activities such as robotics, game design, machine learning experiments, and data exploration expose students to the practical dimensions of AI functionality. These pedagogies strengthen conceptual understanding while fostering innovation, resilience, and computational problem-solving. Hands-on engagement enables learners to perceive AI as a tool for creative inquiry and societal improvement rather than a distant technical abstraction(Dai et al., 2025).
5.3 Human-centered and ethics-first pedagogies
Human-centered models place emphasis on the interaction between AI systems and human users, prioritizing ethical reasoning and social awareness. Ethics-first pedagogies foreground critical issues such as bias, privacy, transparency, and the environmental implications of AI infrastructures. These approaches ask learners to consider how AI affects different communities and to advocate for fair and responsible use. Such engagement supports the cultivation of ethical agency and prepares learners to contribute thoughtfully to public discussions on AI regulation and design(Chen et al., 2023).
5.4 Use of AI tools as learning agents
AI tools themselves are increasingly integrated into the learning process as adaptive tutors, collaborators, or feedback agents. Intelligent tutoring systems, generative AI platforms, and conversational agents can personalize instruction, model reasoning, and support iterative learning. Engaging AI as a learning partner provides both functional and meta-cognitive benefits: students practice effective oversight of automated outputs while gaining insight into the strengths and boundaries of AI decision-making. These experiences reinforce students’ roles as informed evaluators of AI-generated content(Sajja et al., 2024).
5.5 Assessment models for AI literacy competencies
Assessment practices for AI literacy remain emergent but increasingly emphasize multidimensional evaluation across cognitive, practical, and ethical domains. Performance-based assessments—such as design portfolios, reflective case studies, and collaborative problem-solving tasks—capture students’ ability to apply AI concepts in meaningful contexts. Formative assessment strategies, supported by teacher feedback and AI-driven analytics, help track conceptual growth and meta-cognitive awareness. The inclusion of ethics and human-AI interaction skills in assessment frameworks is critical to ensuring a holistic understanding of AI literacy outcomes(Ayanwale et al., 2024).
6. Challenges and Barriers in Curriculum Implementation
6.1 Teacher professional development and misconceptions
Teachers play a central role in advancing AI literacy, yet many report limited confidence in both their technical knowledge and pedagogical strategies for AI instruction. Misconceptions about AI—such as overly narrow associations with robotics or fears of replacing human educators—can impede curriculum adoption. Insufficient training opportunities and lack of professional learning communities compound these challenges, resulting in uneven implementation quality across educational settings(Traga Philippakos & Rocconi, 2025).
6.2 Resource disparities and technological access
Access to AI education often mirrors existing digital inequities. Schools in under-resourced regions may lack essential infrastructure, including reliable internet connectivity, computing devices, and appropriate learning tools. These disparities risk creating new divides between learners who can engage meaningfully with AI systems and those who are excluded. Ensuring equitable resource distribution remains a critical prerequisite for scalable AI literacy initiatives(Qin et al., 2025).
6.3 Ethical and cultural considerations
AI is deployed within complex social contexts that can vary significantly across cultures. Issues such as surveillance, algorithmic bias, and labor displacement may be perceived differently depending on local histories and community values. Curriculum designers must carefully balance global AI competencies with culturally responsive pedagogy that respects diverse perspectives. Ethical instruction that is overly abstract or detached from lived realities may fail to cultivate genuine critical engagement(Brandao, 2025).
6.4 Rapid evolution of technologies vs. slow curriculum cycles
AI technology evolves faster than most educational systems can respond. Curriculum development processes—often governed by lengthy approval cycles and institutional inertia—struggle to keep pace with emerging tools, applications, and ethical concerns. This mismatch risks embedding outdated content and leaves educators with few mechanisms to adapt learning pathways as the AI landscape shifts(Kamalov et al., 2023).
6.5 Policy fragmentation and accreditation issues
Policy guidance for AI literacy remains inconsistent across jurisdictions. Varying national standards, unclear accreditation pathways, and limited integration within existing qualification frameworks create uncertainty for educators and institutions. The absence of coordinated policy infrastructures results in isolated initiatives with limited sustainability, undermining efforts to establish AI literacy as a core component of modern education systems(Alami et al., 2024).
7. Future Directions for AI Literacy Curriculum Design
7.1 Universal learning outcomes and global standards
To ensure AI literacy is accessible to all learners, future curricula must define clear and adaptable learning outcomes that can be aligned across educational systems worldwide. These standards should articulate a balanced integration of technical, ethical, and human-centered competencies. Establishing shared benchmarks can support international collaboration, reduce fragmentation, and provide educators with coherent guidance while retaining flexibility for local adaptation(Al-Abdullatif, 2025).
7.2 Integrating creativity, critical data awareness, and AI ethics
Next-generation AI literacy should empower learners not only to understand how AI works but also to harness it as a creative tool for innovation and problem-solving. At the same time, responsible participation in AI-rich societies requires critical awareness of how data shapes automated decisions. Ethics must be embedded throughout instruction, encouraging students to interrogate bias, transparency, and accountability in AI systems. This holistic integration moves AI literacy beyond technical proficiency toward reflective and socially informed engagement(Enabulele et al., 2025).
7.3 Cross-sector partnerships: academia, industry, policymakers
Sustainable AI literacy initiatives require cooperation among stakeholders who influence both education and technology development. Partnerships between schools, universities, industry leaders, and policymakers can ensure curriculum relevance, provide access to cutting-edge tools, and expand opportunities for practical learning experiences. These collaborations can also facilitate teacher upskilling, promote research-informed innovation, and align educational priorities with workforce and societal needs(Ferk Savec & Jedrinović, 2025).
7.4 Focus on inclusion, diversity, and responsible AI
Ensuring equity in AI education demands intentional strategies to engage underrepresented groups, including learners from low-resource communities, marginalized populations, and diverse cultural backgrounds. Inclusive curriculum design should amplify multiple perspectives, challenge historical biases, and empower students to shape AI technologies that reflect social justice principles. Responsible AI education must foreground humanity’s role in guiding technological progress toward equitable outcomes(Shehu et al., 2025).
7.5 Continuous curriculum updating mechanisms
Given AI’s rapid advancement, curricula should incorporate structures for ongoing revision. Dynamic updating mechanisms—supported by professional learning communities, adaptive digital platforms, and policy flexibility—can help educators maintain relevance without overhauling core frameworks. Regular feedback from practitioners, learners, and industry partners will be essential to sustaining curriculum durability and responsiveness over time.
8. Conclusion	Comment by hp: Remove much paragraphs
The accelerating integration of artificial intelligence across all dimensions of society has elevated AI literacy from a specialized skillset to a core competency for informed citizenship, workforce readiness, and ethical participation in digital environments. This narrative review synthesized emerging scholarship on the conceptual foundations, curriculum frameworks, and pedagogical approaches shaping AI literacy education. The evidence reveals meaningful progress: foundational competency domains are becoming clearer, frameworks are diversifying across K–12, higher education, and non-formal learning contexts, and innovative teaching models are enabling learners to engage critically and creatively with AI.
Yet, persistent challenges underscore the need for coordinated advancement. Variability in curriculum design, gaps in teacher preparedness, inequitable access to resources, and policy fragmentation continue to hinder scalable and inclusive implementation. Without deliberate action, existing educational disparities may deepen, leaving many students unprepared to navigate or influence AI-shaped futures.
A collective call to action is therefore required. Policymakers, educators, researchers, and industry stakeholders must collaborate to establish coherent standards, strengthen professional development infrastructures, and invest in equitable access to AI learning opportunities. Future curriculum design must remain dynamic, ethically grounded, and culturally responsive—ensuring that all learners not only understand AI but can actively and responsibly shape technological progress. In doing so, AI literacy can become a foundational component of lifelong learning and a catalyst for more just and inclusive technological societies.
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