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mirka.saarela@jyu.fi

Abstract

As artificial intelligence transforms educational
environments, educators require specialized
literacy frameworks for effective technology
integration. This umbrella review synthesizes 28
prior studies (26 systematic/scoping reviews and
2 design/resource-mapping studies) on AI literacy
frameworks for educators. Our analysis examines
conceptual models, ethical principles, treatment of
explainability as a subdomain of ethics, implementation
challenges and enablers, and assessment strategies. The
results show fragmented approaches with constructivist
approaches being the predominant theoretical
foundation, with TPACK and AI4K12 also commonly
adopted, while attention to ethics varies widely across
frameworks. Key challenges include insufficient teacher
preparation, resource limitations, and technological
complexity, while enablers encompass structured
professional development, project-based learning, and
institutional support. The review identifies significant
gaps in assessment methodologies, particularly the
lack of standardized teacher-specific evaluation tools,
and notes that explainability, despite its importance
for educator trust, is explicitly addressed in only one
study. This analysis informs development of robust
educator-centered AI literacy frameworks balancing
technical and ethical knowledge.

Keywords: Educator AI Literacy Frameworks,
Educator Competencies, Ethics in AI Education

1. Introduction

Rapid integration of artificial intelligence (AI)
into educational settings presents unprecedented
opportunities and challenges for educators at all

levels (e.g., UNESCO, 2023). As AI technologies
increasingly integrate into classrooms, administrative
systems, and educational content creation, teachers
need specialized knowledge and skills to engage with
these tools effectively and ethically (Almatrafi et al.,
2024; Black, 2021; Ng, 2021). This need has led
to various AI literacy frameworks designed to guide
educators in developing the necessary competencies.
This need is reinforced by Article 4 of the 2024 EU
AI Act (Regulation (EU) 2024/1689 of the European
Parliament and of the Council of 13 June 2024 laying
down harmonised rules on Artificial Intelligence (AI
Act), 2024) and by the OECD–European Commission
draft AI-literacy framework, currently in public
consultation. This draft framework treats AI literacy as
an essential educational requirement for both learners
and educators (Organisation for Economic Co-operation
and Development, 2025).

Among ethical considerations, explainability
(educators’ ability to interpret and trust AI decisions)
is increasingly recognized as vital for classroom
adoption and responsible use. Accordingly, this
review pays special attention to whether and how
explainability is addressed within educator-facing AI
literacy frameworks (see RQ2).

AI literacy frameworks for educators (i) specify core
knowledge domains, (ii) guide classroom application,
(iii) embed ethical guardrails, and (iv) outline ways to
evaluate AI tools and practice (Long & Magerko, 2020;
Ng, 2021). These frameworks differ in their theoretical
foundations and practical emphasis. Some prioritize
technical skill development, while others foreground
ethical considerations, and implementation strategies
vary considerably. This umbrella review synthesizes
28 studies to examine these differences through four
research questions.
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1. What conceptual, pedagogical, or theoretical
models underpin existing AI literacy frameworks
relevant to educators?

2. How are ethical principles addressed in AI
literacy frameworks for educators, and how
is explainability (as a subdomain of ethics)
addressed?

3. What are the key challenges and enablers
identified in the implementation of AI literacy
frameworks within educational contexts?

4. What assessment and evaluation strategies are
proposed or utilized to measure AI literacy
competencies among educators and learners?

By addressing these questions, this review aims to
provide a comprehensive understanding of the current
state of AI literacy frameworks for educators, identify
gaps in existing methods, and offer directions for future
research and development in this highly evolving field.

2. Background

Artificial intelligence (AI) in education builds
on established learning theories and competency
models. Constructivism frames knowledge as
actively constructed through reflection on experience;
constructionism adds that creating tangible artefacts,
such as AI-generated projects, deepens learning
(Levin et al., 2025; Yueyim, 2024). At the other
end of the continuum, behaviourist hierarchies such
as Bloom’s Taxonomy organise skills from recall
to creative evaluation and give teachers a tiered
standard for judging AI-related competence (Murtonen
et al., 2017). These theories translate into practical
frameworks. The AI4K12 “five big ideas” (Perception,
Representation & Reasoning, Learning, Natural
Interaction, and Societal Impact) offer age-appropriate
content goals that many studies adapt for teacher
training (AI4K12 Working Group, 2021). For lesson
design, the Technological Pedagogical Content
Knowledge (TPACK) model aligns technological,
pedagogical, and content knowledge so AI tools
serve sound pedagogy rather than novelty (Mishra &
Koehler, 2006). Looking ahead, the OECD–European
Commission draft AI-literacy framework maps 22
teacher competences across four domains and embeds
ethics and scenario-based practice, signalling an
emerging international standard (Organisation for
Economic Co-operation and Development, 2025).

Figure 1. PRISMA diagram of study selection.

3. Methodology

3.1. Search Strategy and Study Selection

This umbrella review follows established guidelines
for synthesising evidence from prior systematic
reviews (Su et al., 2024). We searched Web of
Science, Scopus, ACM Digital Library, IEEE Xplore,
Google Scholar, and Dimensions for publications
from 2020–2025 using Boolean strings related to AI
literacy, education, frameworks, and reviews (query
below). Inclusion criteria emphasised AI literacy,
relevance to educational contexts, and the presence
of conceptual or competency-based frameworks.
Screening and selection followed PRISMA 2020 (Page
et al., 2021). Both authors independently screened titles
and abstracts, discussed borderline cases, and reached
consensus on full-text inclusion.

The complete Boolean search string was as follows:
(“AI literacy” OR “artificial intelligence literacy”
OR “AI competenc*” OR “artificial intelligence
competenc*”) AND (“framework*” OR “taxonomy”)
AND (“education” OR “teaching” OR “training” OR
“learning” OR “curriculum” OR “pedagogy”) AND
(“systematic review” OR “review” OR “meta-analysis”
OR “overview of reviews” OR “meta-review” OR
“meta-synthesis” OR “review synthesis”)

The initial search yielded 190 records. After
removing 18 duplicates, 172 unique studies were
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screened by title and abstract with the following
exclusions: not a literature review (n=72), not focused
on AI literacy (n=28), lacking a conceptual framework
or taxonomy (n=18), and not situated in an educational
context (n=12). Of 42 full texts assessed for educator
relevance, 14 were excluded (primarily student-focused
or not adaptable to teacher education). The final sample
comprised 28 publications: 26 systematic/scoping
reviews and 2 resource-mapping/design studies (Druga,
2022; Yim, 2023). The two design studies were
analysed qualitatively to enrich classroom context
and were excluded from all frequency counts unless
explicitly noted.

3.2. Data Extraction and Analysis

We extracted data with a standardised template
capturing study identifiers, authors, publication year,
framework dimensions, target audience, competency
domains, geographic focus, AI framework type,
implementation challenges and enablers, assessment
strategies, learning theories, and identified assessment
gaps.

We conducted a qualitative thematic synthesis to
address the four research questions. We identified
cross-cutting themes, recurring models, and points
of divergence, with attention to educator-specific
implications. The synthesis examined how technical
competencies and ethical considerations interact in the
design and implementation of AI-literacy frameworks.

Data extraction followed a predefined form: one
author entered data into a shared Google Sheets
document; the second cross-checked all entries.
We applied qualitative coding to mark ethical
principles, implementation challenges, enablers,
and assessment strategies in each study. Categories
emerged inductively from the corpus (e.g., privacy,
bias/fairness, transparency) rather than being fixed a
priori. A single study could contribute to multiple
categories. We then tallied occurrences across studies to
produce the summary figures. Any coding ambiguities
were resolved through discussion.

4. Results

4.1. Conceptual, Pedagogical, and Theoretical
Models

The analysis revealed several predominant
conceptual and theoretical models that underlie AI
literacy frameworks for educators. See Figure 2 for a
visual map connecting theories → implementation
frameworks → competency domains. Table 1
summarizes the theoretical foundations, implementation

approaches, and future directions for each framework
type.

The most prevalent theoretical foundation was
constructivism, informing several frameworks including
those by Almatrafi et al. (2024), Liu and Zhong (2024),
Druga (2022), Casal-Otero et al. (2023), Ng (2021),
and Zhang et al. (2023). These studies emphasized
experiential learning, hands-on interaction with AI
tools, and the construction of knowledge through active
engagement (Hof, 2021; Ng, 2021; Yueyim, 2024).

The Technological Pedagogical Content Knowledge
(TPACK) framework served as a foundational model
in studies such as Fakhar et al. (2024) and Mikeladze
et al. (2023), integrating technological, pedagogical,
and content knowledge to support context-aware AI
integration.

Although rare, other approaches include Bloom’s
Taxonomy (explicit in only one review) (Bertucio,
2017; Murtonen et al., 2017), Critical Pedagogy and
Critical Theory (e.g., Biagini, 2024), and Post-Humanist
models (e.g., Yueyim, 2024), each contributing unique
epistemological perspectives. Notably, post-humanist
frameworks are associated with the ”AI Thinking and
Cognition” dimension, while critical theory informs
”Social and Policy Implications.”

AI literacy frameworks in this review addressed
various educational levels, from early schooling through
professional development, though most focused on
general teacher preparation rather than level-specific
adaptations. This broad scope reflects the field’s
current emphasis on foundational competencies, while
highlighting the need for future research to develop
age-appropriate and context-specific implementations.

Across the 28 studies, recurring dimensions included
knowledge and understanding (e.g., Su and Zhong,
2022; Zhang et al., 2023); application and usage
(often constructivist; Almatrafi et al., 2024; Liu and
Zhong, 2024); ethical considerations (civic/critical
orientations; Biagini, 2024; Ng, 2021); evaluation and
critical thinking (Casal-Otero et al., 2023); technical
understanding (Liu and Zhong, 2024); AI thinking
and cognition (Yueyim, 2024); social and policy
implications (Biagini, 2024); and assessment (less
frequent; Fakhar et al., 2024).

Frameworks such as those by Almatrafi et al.
(2024), Liu and Zhong (2024), and Fakhar et al.
(2024) incorporated multiple conceptual dimensions
while being grounded in a single theoretical tradition,
suggesting more holistic designs. In contrast,
studies like Mikeladze et al. (2023), Fernández-Saravia
and Ruiz-Calleja (2023), Funa and Gabay (2023),
and Wang et al. (2023) did not explicitly state
their theoretical foundations, indicating variability in
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Table 1. Theoretical foundations in AI literacy frameworks: rationale, operationalization, and future directions

Theoretical
Foundation

Theoretical Rationale Implementation Methods Current Limitations & Future
Directions

Constructivism Knowledge actively constructed
through hands-on AI tool interaction
and reflection on experience

Project-based learning, experiential
activities, artifact creation with AI
tools

Limited assessment of constructed
knowledge; need validated tools for
AI literacy construction

TPACK Integrates technological,
pedagogical, and content knowledge
for context-aware AI integration

Lesson design templates balancing
technology with sound pedagogy
and content alignment

Need AI-specific pedagogical
strategies beyond general technology
integration

AI4K12 Provides age-appropriate content
goals across five big ideas for
systematic AI education

Structured curricula around
Perception, Reasoning, Learning,
Interaction, Societal Impact

Requires teacher preparation
for implementation; validate
age-appropriate progressions

Critical/Civic Questions technocentric views;
emphasizes democratic agency and
social justice in AI

Critical reflection on AI bias, power
structures, and civic implications

Bridge theory-practice gap with
actionable implementation guides

Post-Humanist Addresses human-AI coexistence
and mutual intelligibility beyond
traditional frameworks

Co-intelligence frameworks
promoting human-AI collaboration
and interpretability

Emerging paradigm needs empirical
validation in educational contexts

Unspecified No explicit theoretical foundation
stated in framework development

Variable approaches without
consistent theoretical anchoring

Establish theoretical foundations for
coherent framework development

conceptual grounding.
This diversity reflects the evolving nature of AI

literacy conceptualization. While constructivism
remains the dominant foundation, emerging paradigms
such as post-humanism and critical theory are
increasingly informing frameworks focused on ethics,
cognition, and societal impact.

4.2. Ethical Principles and Explainability

Ethical considerations featured prominently in the
majority of frameworks, though the specific dimensions
and depth of treatment varied. Figure 3 summarizes
the representation of ethical principles across the 28
reviewed studies (n = 28).

Twenty-five of 28 reviews addressed ethics, with
ethics appearing as a foundational or recurring theme.
We coded ethical themes inductively (e.g., bias/fairness,
transparency, privacy, accountability), and a single study
could contribute to multiple themes. Common areas of
focus included:

Common themes were responsible and equitable
use (Almatrafi et al., 2024; Ng, 2021); privacy,
surveillance, and data security (Funa & Gabay,
2023); bias and algorithmic fairness (Mikeladze et al.,
2023; Yueyim, 2024); transparency and trust in AI
tools (Fernández-Saravia & Ruiz-Calleja, 2023); and
socio-cultural impacts and civic engagement (Biagini,
2024).

Among these, explainability emerged as an
underrepresented but critical subdomain. Only one
study — Okolo and Kamath (2022) — explicitly
positioned Explainable AI (XAI) as central to AI
literacy, particularly in Global South contexts where
data access, security, and contextual fairness are

prominent concerns.
Other frameworks referenced related concepts

without naming ”explainability” directly.
Fernández-Saravia and Ruiz-Calleja (2023) addressed
transparent AI decision-making. Biagini (2024) linked
AI literacy to civic agency and participatory democracy
— inherently demanding interpretable systems. Yueyim
(2024) advocated for human-AI co-intelligence,
promoting mutual intelligibility between educators and
AI systems.

The lack of consistent, explicit treatment of
explainability represents a significant gap. As AI
adoption accelerates in classrooms, explainability is
essential not only for technical transparency but for
empowering educators to evaluate, adapt, and trust AI
tools within pedagogical contexts.

4.3. Implementation Challenges and Enablers

We coded each review for the implementation
barriers and supports it identified; Figures 5 and 6
show how frequently each was mentioned across the
26 literature reviews (the 2 design studies are excluded
from these counts for consistency).

The implementation of AI literacy frameworks is
shaped by a complex mix of systemic, institutional, and
instructional factors.

Implementation challenges. The most frequently
cited barrier (17/26) is insufficient teacher preparedness.
Educators often lack foundational knowledge of AI
concepts and their pedagogical applications (Almatrafi
et al., 2024; Ng, 2021; Zhang et al., 2023), a gap
that is especially acute among pre-service and generalist
teachers.

Resource constraints (such as lack of access to
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Figure 2. Diagram illustrating the evolution from pedagogical theories to AI-literacy competencies across 28

studies (2020–2025). Flow thickness indicates connection frequency between theoretical foundations (left),

implementation frameworks (centre), and competency domains (right). Three key patterns emerge: theoretical

fragmentation, with many studies lacking explicit grounding (Unspecified); implementation gaps, evidenced by

the prevalence of No Framework cases; and competency convergence toward foundational knowledge despite

diverse theoretical origins.

Figure 3. Ethical principles addressed in frameworks

(n = 28); categories are not mutually exclusive.

AI tools, inadequate technical infrastructure, and
insufficient training budgets) were also commonly
reported (Fakhar et al., 2024; Liu & Zhong, 2024;
Yueyim, 2024). These limitations were especially
severe in low-resource or underfunded school systems,
including those in the Global South (Okolo & Kamath,

2022).
Curriculum integration emerged as a recurring

difficulty. Educators struggled to align AI literacy with
existing curricula, particularly in systems with rigid
assessment structures or overloaded syllabi (Mikeladze
et al., 2023; Yueyim, 2024).

Additional challenges included navigating ethical
complexities with low digital confidence, resistance to
change and limited trust in AI, time constraints for
training and experimentation, and gaps between national
policy and school-level readiness (Biagini, 2024).

Druga (2022) and Yim (2023) highlighted additional
tool-selection constraints not covered in the 26 reviews,
including limited availability of age-appropriate AI
platforms and insufficient integration between AI tools
and existing learning management systems.

Implementation enablers. Structured professional
development is the most consistently cited support,
building both technical competencies and pedagogical
strategies (Black, 2021; Fakhar et al., 2024). Modular,
flexible, and project-based programs are especially
effective (Ng, 2021; Yueyim, 2024).

Project-based learning emerged as a powerful
facilitator, allowing teachers to explore AI in
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meaningful, hands-on ways. This approach was
aligned with constructivist and experiential learning
models evident in several frameworks (Almatrafi et al.,
2024; Ng, 2021).

Access to practical tools (such as block-based coding
platforms, low-cost AI kits, or interactive simulations)
played an important role in supporting implementation,
especially when paired with curricular scaffolding
(Casal-Otero et al., 2023; Druga, 2022).

Institutional and policy-level support (encompassing
budget allocations, administrative backing, procurement
guidance, and strategic alignment between national
initiatives and school-level implementation) proved
crucial in scaling initiatives. Frameworks that
succeeded at scale were often backed by administrative
leadership, national strategy alignment, or supportive
legal frameworks (Biagini, 2024; Liu & Zhong, 2024).

Finally, several studies identified cross-disciplinary
collaboration, AI mentorship programs, and culturally
localized content as emerging enablers with significant
potential for future development.

4.4. Assessment and Evaluation Strategies

Assessment remains one of the least standardized
and most fragmented components in AI literacy
frameworks. Figure 4 summarizes the range of
evaluation strategies identified across the 28 reviewed
studies.

Figure 4. Assessment strategies used in AI literacy

frameworks (n=28). Traditional methods dominate,

with limited use of innovative approaches.

Traditional assessment methods dominated the
landscape. Many frameworks relied on declarative
knowledge assessments (including multiple-choice
tests, self-assessment surveys, and rubrics) to evaluate
conceptual understanding of AI concepts (Almatrafi
et al., 2024; Mikeladze et al., 2023). These instruments
were often adapted from digital literacy frameworks
and tended to measure surface-level competence rather

than practical application or ethical reasoning.
Qualitative approaches appeared in several studies.

These included classroom observations, structured
interviews, reflective journals, and video-based
learning analytics (Ng, 2021; Yueyim, 2024). The
OECD–European Commission draft AI-literacy
framework now under public consultation explicitly
signals alignment with the forthcoming PISA 2029
Media & AI Literacy domain, suggesting that
large-scale, standardised indicators for educator AI
literacy are on the horizon (Organisation for Economic
Co-operation and Development, 2025).

Innovative methods appeared in a minority of
studies (e.g., LLM-coded lesson plans, ML-based
feedback to surface misconceptions, and participatory
or simulation-based assessments), but a clear pattern
of gaps persists: few validated, teacher-specific
instruments; limited metrics for ethical reasoning or
socio-technical judgment; sparse longitudinal tracking;
weak integration of formative assessment; and poor
alignment of tools to dimensions such as explainability
and civic agency. Consequently, assessment
remains underdeveloped relative to curriculum and
implementation, undermining comparability and
scalability. Robust, validated frameworks aligned
with the field’s conceptual and ethical imperatives are
urgently needed.

5. Discussion

5.1. Conceptual Models: Convergence and
Divergence

The analysis reveals both convergence and
divergence in the conceptual models underpinning
AI literacy frameworks. Constructivist approaches
dominated, evident in studies by Ng (2021), Liu and
Zhong (2024), and Almatrafi et al. (2024), reflecting an
emphasis on experiential, project-based, and hands-on
learning. These align with broader educational
movements favoring active knowledge construction
over passive content delivery (Hof, 2021; Murtonen
et al., 2017).

The integration of TPACK into frameworks such
as Fakhar et al. (2024) and Mikeladze et al.
(2023) demonstrates a pragmatic attempt to nest AI
literacy within existing teacher competency models.
TPACK offers a balanced, practice-oriented approach
that facilitates integration of AI tools into diverse
educational settings.

Conversely, divergent models included
Post-Humanism (Yueyim, 2024) and Aristotelian
constructs (Biagini, 2024), which question
technocentric views and instead advocate for ethical,

Page 49



philosophical, and civic engagement dimensions of
AI. These frameworks signal a growing awareness that
AI literacy must also address human-AI coexistence,
democratic agency, and cultural intelligibility.

A key insight across the studies was the emergence
of a tripartite competency structure (”know, use,
evaluate”) as a common organizing principle (Fakhar
et al., 2024; Ng, 2021). This structure appears
adaptable across theoretical foundations and may serve
as a bridge between traditional pedagogical goals and
future-oriented AI competencies.

5.2. Ethics and Explainability: A Critical Gap

While ethical principles are commonly addressed
in AI literacy frameworks, the treatment varies widely
in depth and specificity. Some frameworks present
ethics as a capstone or reflection point (Almatrafi
et al., 2024; Ng, 2021), while others embed ethical
reasoning into content and pedagogy (Biagini, 2024;
Yueyim, 2024). Notably, the OECD–European
Commission draft AI-literacy framework integrates
ethical prompts (privacy, bias, and environmental
impact) into each of its 22 competences, offering an
emerging model of embedded ethics that responds to this
unevenness (Organisation for Economic Co-operation
and Development, 2025).

The most notable omission across the corpus
is the limited attention to explainability. Only
one study, Okolo and Kamath (2022), explicitly
addresses Explainable AI (XAI) as a core literacy
component. Others mention transparency or civic trust
(Fernández-Saravia & Ruiz-Calleja, 2023), but without
providing concrete frameworks for teaching or assessing
explainability.

Given the centrality of explainability in ethical AI
development and its practical significance for classroom
trust and adoption, this omission represents a substantial
gap. There is a need to prioritize explainability as
a formal dimension in future frameworks. Use three
pedagogical pathways: (1) trust by making system
reasoning visible so teachers can use AI with warranted
confidence; (2) evaluation by giving concrete criteria
to judge a tool’s fit for context and learner needs; and
(3) safety by enabling early detection of bias, error, and
harmful outputs before they affect learning.

5.3. Implementation: Challenges and
Enablers

The implementation challenges reflect longstanding
structural issues in education, particularly in relation
to digital transformation. Teacher preparedness deficits
(reported in more than half the reviewed studies) signal

a need for deeply embedded professional development
(Almatrafi et al., 2024; Ng, 2021; Zhang et al., 2023).
Frameworks that successfully addressed these gaps
integrated online training, mentorship, and scaffolded
practice opportunities (Black, 2021; Fakhar et al., 2024).

Resource constraints, especially in underfunded
regions, remain a pragmatic limitation (Liu & Zhong,
2024; Okolo & Kamath, 2022). Even when frameworks
are well-conceptualized, lack of infrastructure or
administrative buy-in can undermine their impact.

Figure 5. Implementation challenges in AI literacy

frameworks (n=26 systematic reviews). Teacher

preparedness gaps dominate (65%), followed by

resource constraints (46%) and curriculum

integration difficulties (38%).

Figure 6. Implementation enablers (n=26

systematic reviews): structured professional

development (58%), project-based learning (46%),

and access to practical tools (42%).

Enablers such as project-based learning,
interdisciplinary design, and AI-integrated toolkits
are consistent with constructivist foundations. They
also show potential for scalability when combined
with institutional support and national policy backing
(Biagini, 2024; Yueyim, 2024).

Page 50



5.4. Assessment: Standardization Need

The diversity of assessment strategies (from
knowledge surveys to LLM-coded lesson plans) reflects
both innovation and fragmentation. While traditional
tools remain dominant, they often fail to capture ethical
reasoning, application skill, or AI tool evaluation
competence (Almatrafi et al., 2024; Mikeladze et al.,
2023).

Only a few studies explored educator-specific
assessments aligned to AI literacy dimensions
(Ng, 2021; Yueyim, 2024). Even fewer addressed
explainability or civic agency as assessable
competencies.

Without robust, validated tools, AI literacy
frameworks risk becoming aspirational rather than
actionable. The field urgently requires assessment
models that are both generalizable and sensitive to local
context (especially those that evaluate ethical, practical,
and reflective dimensions of AI teaching).

Holistic perspective. Taken together, these
dimensions are interdependent. Studies lacking an
explicit theoretical model (Unspecified) often also
failed to specify any implementation framework
(No Framework), suggesting that weak conceptual
grounding correlates with practical gaps. Conversely,
frameworks grounded in established theories (e.g.,
constructivism, TPACK) more frequently embedded
active-learning enablers (e.g., project-based learning,
mentorship), aligning theory with implementation.
Reviews with critical/civic orientations tended to
integrate ethics more deeply than technically oriented
ones. Finally, while foundational knowledge (”know”)
is widely emphasized, robust tools to evaluate AI
literacy remain scarce—revealing a misalignment that
future frameworks should address.

5.5. Geographic and Cultural Considerations

The systematic review literature on AI
literacy frameworks demonstrates significant
underrepresentation of Global South perspectives, with
particularly limited representation from African and
South American contexts, constraining understanding
of culturally-specific ethical considerations and
locally-appropriate implementation strategies (Okolo
& Kamath, 2022). While Asian contexts feature
prominently in this corpus, there remain substantial
gaps in understanding how frameworks translate
across diverse cultural, infrastructure, and policy
contexts. Framework development approaches vary
considerably across geographic regions, with distinct
methodological emphases reflecting local priorities

and constraints. This pattern in the systematic review
corpus (where Asian contexts represent a substantial
portion, with minimal representation from African,
South American, European, and North American
contexts) constrains understanding of culturally-specific
ethical considerations, diverse infrastructure realities,
and locally-appropriate pedagogical approaches. The
concentration particularly limits insights into how
frameworks might address varying digital literacy
baselines, resource constraints, and cultural values
around technology integration in educational settings.
Notable exceptions demonstrate the value of localized
approaches to ethical tensions and culturally embedded
norms (Biagini, 2024), highlighting what broader
geographic inclusion might reveal. Beyond geographic
skew, frameworks also differ markedly in their
development processes and stakeholder involvement
(e.g., teacher co-design vs. expert-only panels), and
reporting of these processes is inconsistent across
reviews—limiting comparability. Future framework
development would benefit from greater attention to
diverse cultural, infrastructure, and policy contexts
to ensure global applicability and avoid perpetuating
existing digital divides. The OECD–European
Commission draft, currently in consultation, offers an
opportunity to embed insights from diverse educational
contexts (Organisation for Economic Co-operation and
Development, 2025).

6. Conclusion

This umbrella review synthesized 28 prior studies
(26 systematic/scoping reviews and 2 design studies).
The findings reveal a field undergoing rapid conceptual
and practical development characterized by theoretical
diversity, increasing emphasis on ethics, persistent
implementation challenges, and major gaps in
assessment standardization.

6.1. Summary of Findings

In response to the guiding research questions,
this review concludes that theoretical foundations
are primarily built upon constructivism, TPACK, and
AI4K12 as the most commonly adopted frameworks.
Despite differences in pedagogical orientation, a shared
tripartite structure—”know, use, evaluate”—emerged
as a cross-cutting organizational model. Regarding
ethical integration, ethics is widely recognized
as a core component of AI literacy. However,
its integration is uneven across frameworks, and
explainability—a critical subdomain for fostering
educator trust—remains substantially underrepresented.
Implementation challenges and enablers present a
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complex landscape where barriers such as limited
teacher preparation, resource constraints, and curricular
overload hinder implementation. Effective enablers
include project-based learning, structured professional
development, accessible AI tools, and institutional
or policy-level support. Assessment gaps reveal that
evaluation strategies are fragmented, with most relying
on traditional tools such as surveys and tests. Very few
frameworks include validated, educator-specific
instruments—particularly for assessing ethical
reasoning and AI tool usage.

6.2. Limitations

This review is limited by its focus on published
English-language systematic reviews between 2020
and 2025. Emerging, unpublished, or non-English
frameworks may have been excluded. Furthermore, the
rapid pace of AI development means that frameworks
can become outdated quickly, even if recently published.
Our corpus contains two non-review design studies;
while they broaden practical insight, their inclusion
means a strictly purist definition of ’umbrella review’ is
relaxed. We did not undertake a formal methodological
quality appraisal of the included reviews (e.g.,
AMSTAR) because our objective was to synthesize
conceptual content rather than evaluate effectiveness.
We mitigated potential bias by limiting the corpus
primarily to peer-reviewed reviews, using dual screening
and cross-checked extraction, and reporting descriptive
frequencies. A formal appraisal would complement this
mapping and is a useful extension for future work.

6.3. Implications for Practice

We recommend, practitioners pair constructivist,
hands-on strategies with embedded ethical reasoning,
including explainability across curriculum and
assessment. Provide consistent, modular professional
development with practical pathways; design
context-aware frameworks for diverse infrastructural
realities; and adopt assessment strategies that includes
both technical and ethical competencies.

6.4. Future Research Directions

Priorities include developing and validating
standardized, teacher-specific AI-literacy assessments
(including explainability), conducting longitudinal
studies of educator growth, adapting frameworks for
Global South and under-represented contexts, and
examining downstream effects on student outcomes
and classroom practice. Forthcoming OECD–European
Commission pilots (2025–26) offer a timely opportunity

to study how embedded ethics and competences
translate into measurable teacher practice across
settings (Organisation for Economic Co-operation and
Development, 2025).
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