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Abstract

The digital transformation of education has positioned teacher training in digital competences
as a strategic axis of educational policy, pedagogical innovation, and professional
development. In response, international organizations, ministries of education, and specialized
agencies have produced frameworks, standards, guidelines, and policy documents intended to
define what teachers should know and be able to do in digitally mediated educational settings.

However, the diversity of approaches, labels, scopes, and levels of operational detail makes it
difficult to understand their points of convergence, divergence, and omission in comparative
terms. The aim of this study was to comparatively analyze international frameworks,
guidelines, and policy documents on teacher training in digital competences. A qualitative
study was conducted through a comparative documentary analysis of a corpus of 40 documents
published between 2007 and 2026. The corpus was organized in a documentary review matrix
and examined through five categories: theoretical-conceptual foundations in ICT and LKT,
teacher training pathways, pedagogical integration of ICT and LKT, Al literacy, and digital
formative assessment.

The findings show that the international field of teacher digital competence is broad but
heterogeneous. The dominant discourse is organized around ICT, digital competence, digital
literacy, and digital transformation, while LKT appears less explicitly and is more often
inferred through pedagogical interpretation.

The corpus also reveals flexible and progressive training pathways, broad but uneven models
of pedagogical integration, an emerging yet still non-transversal incorporation of Al literacy,
and an uneven treatment of digital formative assessment. The study concludes that international
reference frameworks provide a robust foundation for teacher training in digital competences,
although they require pedagogical and institutional contextualization in order to respond more
effectively to contemporary teacher education needs.

Keywords: Digital competence; teacher training; ICT; LKT; artificial intelligence literacy;
digital frameworks

1. Introduction

The digital transformation of education is no longer peripheral to educational systems; it has
become one of their structuring dynamics. In this context, teacher training in digital
competences occupies a strategic place, since it shapes not only the technical use of digital
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tools but also teachers’ ability to integrate them critically, pedagogically, and contextually into
teaching and learning processes.

The corpus assembled for this study illustrates the breadth of this international agenda through
documents such as European Framework for the Digital Competence of Educators (Redecker
& Punie, 2017), UNESCO ICT Competency Framework for Teachers (UNESCO, 2018), ISTE
Standards 2024 Version 4.02 (ISTE, 2024), Marco de Referencia de la Competencia Digital
Docente (Ministry of Education and Vocational Training, 2022), Educators’ Digital
Competency Framework (Siina et al., 2022), and a wide range of national strategies and policy
documents from Colombia, Ireland, South Africa, Kenya, Québec, Australia, Estonia, Mexico,
Rwanda, South Korea, and other contexts.

Yet the abundance of documents has not produced conceptual clarity or a homogeneous
educational agenda. On the contrary, the international production on teacher digital competence
is marked by significant variation in terminology, purpose, scope, and operational detail. Some
documents are designed as broad reference frameworks, others as professional standards,
strategic policy plans, implementation roadmaps, curricular orientations, or thematic guides. In
addition, they do not assign the same relevance to key dimensions such as pedagogical
mediation, teacher training pathways, digital formative assessment, or artificial intelligence
literacy. As a result, one of the main analytical challenges is to understand how this field is
constituted through documents that share a concern for teacher digital development but emerge
from different institutional traditions and educational policy environments.

This challenge is especially relevant when examining the movement from a predominantly
instrumental understanding of ICT toward more pedagogically oriented approaches. The issue
is not simply whether teachers use digital tools, but how international frameworks
conceptualize the relationship between technology, teaching, learning, assessment, innovation,
and professional development. This is where the analytical value of the ICT-LKT distinction
becomes visible. While ICT refers more directly to tools, infrastructure, connectivity, and
information management, LKT emphasizes pedagogical intentionality, learning mediation, and
the use of technology for knowledge construction. Even when the term LKT is not explicitly
named in most international documents, its logic can often be inferred in those frameworks that
foreground pedagogical design, student empowerment, critical engagement, and meaningful
learning.

The field has also been reshaped by the emergence of artificial intelligence. Recent documents
such as Guidance for Generative Al in Education and Research (UNESCO, Giannini, & Miao,
2023), Guidance on Artificial Intelligence in Schools (Department of Education and Youth &
Oide Technology in Education, 2025), and OECD Digital Education Outlook 2026: Exploring
Effective Uses of Generative Al in Education (OECD, 2026) indicate that teacher training can
no longer be framed only in terms of digital literacy or digital transformation in a general sense.
It must also address ethical use, privacy, academic integrity, bias detection, information
verification, task redesign, and authentic assessment in Al-mediated environments. This
broadens the field of teacher digital competence while also introducing tensions between
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established frameworks focused on ICT or general digital competence and newer documents
specifically concerned with Al

From this perspective, the relevance of the present study lies in offering an articulated reading
of a broad, dispersed, and conceptually heterogeneous documentary field. Rather than
describing documents separately, the study seeks to identify their convergences, differences,
emphases, and omissions around central aspects of teacher training in digital competences. This
is particularly significant in Latin American contexts, where international reference documents
often need pedagogical translation and institutional contextualization in order to respond
meaningfully to local training needs. Accordingly, the aim of this study was to comparatively
analyze international frameworks, guidelines, and policy documents on teacher training in
digital competences, using five categories: theoretical-conceptual foundations in ICT and LKT,
training pathways, pedagogical integration of ICT and LKT, Al literacy, and digital formative
assessment.

2. Methodology

This study adopted a qualitative approach and was designed as a comparative documentary
analysis. The purpose was not to measure variables in a human population or establish causal
relationships, but to understand and interpret the content of a set of international frameworks,
standards, policy documents, and guidelines on teacher training in digital competences. In
methodological terms, documentary analysis was understood as a scientific, systematic, and
interpretive procedure for identifying, collecting, organizing, analyzing, and interpreting
information around a delimited object of study. Martinez-Corona et al. (2023) define
documentary research as a systematic, objective, analytical, and synthetic process grounded in
the reading of published material in order to produce new knowledge, while Corona (2025)
describes documentary analysis as the systematic and critical examination of written
documents and other records in order to extract relevant information, interpret meanings, and
build knowledge. Both sources emphasize the need for valid and relevant sources, clear
analytical criteria, defined units of analysis, and matrix-based organization of information.

The documentary corpus consisted of 40 records with explicit publication years, spanning from
2007 to 2026. According to the matrix, the corpus is predominantly recent, with a strong
concentration in 2022 and 2021 and continued production in 2024, 2025, and 2026. It includes
international frameworks, ministerial guidelines, strategic plans, implementation documents,
policy reports, literacy frameworks, and Al-related guides. The corpus includes, among others,
Competencias TIC para el desarrollo profesional docente (2013), Agenda Digital Educativa
México (2020), Orientaciones Curriculares para el Area de Tecnologia e Informatica en
Educacion Bésicay Media (2022), Estrategia Nacional Digital de Colombia 2023-2026 (2023),
Digital Strategy for Schools to 2027 (2022), Digital Strategy for Schools — Implementation
Plan 2024 (2024), Guidance on Artificial Intelligence in Schools (2025), UNESCO ICT
Competency Framework for Teachers (2018), European Framework for the Digital
Competence of Educators: DigCompEdu (2017), Professional Digital Competence Framework
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for Teachers (2019), Digital Competency Framework (2019), Educators’ Digital Competency
Framework (2022), and OECD Digital Education Outlook 2026 (2026).

Selection followed criteria of thematic relevance, documentary adequacy, and analytical
usefulness. Documents were included when they explicitly addressed teacher digital
competence, teacher professional development, pedagogical uses of technology, digital
learning, Al in education, or closely related dimensions. They also had to offer content that
could be analyzed in at least one of the five categories established for the study. In line with
Martinez-Corona et al. (2023), the process combined a heuristic phase and a hermeneutic
phase. The heuristic phase involved source identification, source selection, review protocols,
and the design of the documentary record instrument. The hermeneutic phase involved
analytical reading, creation of core categories, identification of descriptors, categorization, and
textual synthesis.

The main instrument was a documentary review matrix. The matrix included identification
fields such as document title, type, authorship, country, year, and stated objective, alongside
analytical fields for the five core categories: theoretical-conceptual foundations in ICT and
LKT, training pathways in digital competences, pedagogical integration of ICT and LKT, Al
literacy, and digital formative assessment. Additional fields in the matrix registered
infrastructure conditions and alignment with UCEVA training needs, although these were
treated as complementary rather than central categories for the article. Following Corona
(2025), the matrix functioned as the core device for organizing keywords, concepts, categories,
arguments, and documentary evidence in a systematic way.

To enhance rigor, the study maintained consistency between the research objective, the
analytical categories, and the documentary instrument; traceability through systematic matrix
completion; relevance through intentional selection of the corpus; and contextualized
interpretation of each document according to its institutional purpose and production setting.

3. Results

The corpus shows that the international field of teacher training in digital competences is
largely shaped by institutional and policy-oriented documents rather than by empirical
validation studies. The documentary set includes reference frameworks, standards, policy
agendas, strategic plans, implementation roadmaps, curricular guidelines, literacy frameworks,
and specialized Al documents. In substantive terms, the corpus can be read as organized around
four documentary clusters: foundational teacher digital competence frameworks, national
policy and implementation strategies, complementary digital literacy frameworks, and
emerging Al-related guidance. This confirms that teacher digital competence has become an
international field built through policy architectures, professional standards, and institutional
frameworks rather than through a single common model.
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Table 1Main documentary clusters in the corpus

MAIN
CONTRIBUTION

CLUSTER REPRESENTATIVE DOCUMENTS TO THE FIELD

European Framework for the Digital

Competence of Educators (2017); UNESCO

ICT Competency Framework for Teachers

. (2018);  Professional  Digital Competence | Define teacher digital

FoundatlonaI. . Framework for Teachers (2019); Digital | competence, areas of
teacher digital Competency Framework (2019); Educators’ | practice, ’ and
competence Digital Competency ~Framework (2022); | professional
frameworks Marco de Referencia de la Competencia | reference models

Digital Docente (2022); ISTE Standards 2024

Version 4.02 (2024)

Competencias TIC para el desarrollo

profesional docente (2013); Agenda Digital

Educativa México (2020); Digital Strategy for

Schools to 2027 (2022); Digital Strategy for | 1ranslate broad
National  policy | gchools — Implementation Plan 2024 (2024); | competence agendas
and Estrategia Nacional Digital de Colombia into policy, system
implementation | 5073 5026 (2023); NSW Department of | reform,
strategies Education — Digital Strategy 2022-25 (2022); implenjlentatior.l, and

Education Strategy 2021-2035 (2021); Policy strategic planning

on ICT in Education and Training (2021)

Digital Literacy Skills Framework (2020);

DigComp 2.2 (2022); IC3 Digital Literacy — | Broaden the field

Certiport ~ Overview  Datasheet  (2022); | through literacy,
Complementary Developing mobile digital skills in low- and | citizenship
literacy and skills | 1iqdle-income  countries (2021);  The employabifity, and
frameworks Common Framework of Reference for | iptercultural

Intercultural Digital Literacies (2019) dimensions
ALrelated and Guidance for Generative Al in Education and | Introduce Al literacy,
emerging Research (2023); Guidance on Artificial | ethics, data,

Intelligence in Schools (2025); OECD Digital | verification, and
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technology Education Outlook 2026 (2026); AI Digital | emerging
documents Textbooks for 2025 to Realize Personalized | pedagogical
Education for All (2024); Artificial | challenges
Intelligence and Digital Transformation:
Competencies for Civil Servants (2022)

Note. Own elaboration based on the documentary review matrix (2026)

Figure 1
Distribution of the documentary corpus by publication period
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Note. Own elaboration based on the documentary review matrix (2026)

The documentary review showed a clear predominance of the vocabulary of ICT, digital
competence, digital literacy, and digital transformation, while LKT was much less explicit. In
many documents, technology is clearly linked to learning mediation, pedagogical design,
student empowerment, knowledge construction, and inclusion, but the term LKT itself is rarely
used as an organizing category. This is evident in Competencias TIC para el desarrollo
profesional docente (2013), which defines ICT competences for teachers and proposes a
progression from exploration to integration and innovation; in Agenda Digital Educativa
Meéxico (2020), which explicitly reframes ICT as TICCAD; and in Orientaciones Curriculares
para el Area de Tecnologia e Informatica en Educacién Basica y Media (2022), which
elaborates a conceptual relationship among Technology, Informatics, and ICT, while not
developing LKT as an explicit category. Internationally, European Framework for the Digital
Competence of Educators: DigCompEdu (2017), UNESCO ICT Competency Framework for
Teachers (2018), Digital Competency Framework (2019), Professional Digital Competence
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Framework for Teachers (2019), and Educators’ Digital Competency Framework (2022) all
foreground pedagogical uses of digital technologies without relying on the ICT-LKT
distinction as such.

A second major result concerns the way the corpus conceptualizes teacher training pathways.
The review did not reveal one rigid or uniform training route; rather, it showed a strong
preference for progressive, flexible, and adaptable models of professional development. In
Competencias TIC para el desarrollo profesional docente (2013), the pathway is organized
through competences and stages of exploration, integration, and innovation. ICT Essentials for
Teachers based on the UNESCO ICT Competency Framework for Teachers (2015)
operationalizes training through a blended course model. Professional Development
Framework for Digital Learning (2018) foregrounds structured professional development,
while Marco de Referencia de la Competencia Digital Docente (2022) offers levels and
descriptors that can be used for diagnosis, progression, and certification. Similarly, Educators’
Digital Competency Framework (2022), Plan estratégico Centro Ceibal 2021-2025 (2021), and
Digital Literacy Skills Framework (2020) all point toward staged or progressive models of
development, even when they differ in scope and operational detail. By contrast, documents
such as Digital Strategy for Schools to 2027 (2022), Digital Strategy for Schools —
Implementation Plan 2024 (2024), Education Strategy 2021-2035 (2021), and Policy on ICT
in Education and Training (2021) recognize teacher development as necessary but describe it
more as a strategic priority than as a fully detailed training sequence.

Table 2 Synthesis of trends across the five analytical categories

CATEGORY MAIN TREND INTERPRETIVE READING
‘ Dominance of ICT, digital | LKT appears mainly through
Theoretilcal—c.onceptual competence, and  digital | pedagogical interpretation
foundations in ICT and literacy rather than as an explicit label
LKT
.. . . The corpus privileges
Teacher Training | Flexible, progressive, and ) .
professional progression over
pathways adaptable development routes .
one homogeneous curriculum
. . Integration appears as a set of
Pedagogical Stror'lg. emphasis on  design, | gimensions rather than a single
integration mediation, ~ resources, and | ., quence
assessment
Recent and unevenly ‘ ‘
Al literacy distributed Al is an emerging layer of the
field, not yet transversal
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Classroom assessment and

Digital formative | Relevant ~ but  unevenly | System monitoring coexist in

assessment developed tension

Note. Own elaboration based on the documentary review matrix (2026)

The corpus also shows that pedagogical integration is rarely described as a fixed sequence of
steps. Instead, it appears as a set of connected dimensions, most often including instructional
design, pedagogical mediation, selection of resources and platforms, learning activities,
assessment, and evidence of learning. This is especially visible in DigCompEdu (2017), Marco
de Referencia de la Competencia Digital Docente (2022), ISTE Standards 2024 Version 4.02
(2024), UNESCO ICT Competency Framework for Teachers (2018), Educators’ Digital
Competency Framework (2022), Professional Digital Competence Framework for Teachers
(2019), and Digital Competency Framework (2019). Latin American documents such as
Competencias TIC para el desarrollo profesional docente (2013), Orientaciones Curriculares
para el Area de Tecnologia e Informatica en Educacion Bésica y Media (2022), Plan estratégico
Centro Ceibal 2021-2025 (2021), and Plan Nacional Integral de Educacion Digital (2017) also
develop the pedagogical integration of digital technologies through curriculum, teaching
environments, projects, learning activities, and evidence.

At the same time, another group of documents emphasizes system-level conditions such as
connectivity, platforms, governance, infrastructure, and strategic implementation, as seen in
Education Technology Strategy: Realising the Potential of Technology in Education (2019), A
Call to Action for Closing the Digital Access, Design, and Use Divides (2024), Digital Strategy
for Schools to 2027 (2022), NSW Department of Education — Digital Strategy 2022-25 (2022),
and Lineamiento Técnico Conectividad Escolar 2025 (2025).

Al literacy emerged as the least consolidated yet most rapidly developing dimension of the
corpus. A substantial portion of the documents either does not mention Al or refers to it only
tangentially through broader discussions of innovation or emerging technologies. However,
more recent documents engage Al more directly and pedagogically. Guidance for Generative
Al in Education and Research (2023), Guidance on Artificial Intelligence in Schools (2025),
OECD Digital Education Outlook 2026: Exploring Effective Uses of Generative Al in
Education (2026), The impact of digital technologies on students’ learning (2025), and Al
Digital Textbooks for 2025 to Realize Personalized Education for All (2024) explicitly address
Al-related issues such as ethical use, privacy, bias, verification, academic integrity, teacher
judgment, and task redesign. Earlier or more general frameworks, such as UNESCO ICT
Competency Framework for Teachers (2018), DigCompEdu (2017), Professional Digital
Competence Framework for Teachers (2019), or Educators’ Digital Competency Framework
(2022), do not yet place Al literacy at the center of teacher digital competence. This confirms
that Al literacy is an emerging layer of the field rather than a fully transversal component of
all current frameworks.
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Digital formative assessment was more developed than Al literacy, but still uneven across the
corpus. In the strongest documents, assessment is linked to explicit criteria, digital evidence,
rubrics, feedback, self-assessment, peer assessment, learning analytics, and instructional
adjustment. This is especially visible in DigCompEdu (2017), Marco de Referencia de la
Competencia Digital Docente (2022), ISTE Standards 2024 Version 4.02 (2024), Educators’
Digital Competency Framework (2022), UNESCO ICT Competency Framework for Teachers
(2018), Competencias TIC para el desarrollo profesional docente (2013), Orientaciones
Curriculares para el Area de Tecnologia e Informatica en Educacion Bésica y Media (2022),
and ICT Essentials for Teachers based on the UNESCO ICT Competency Framework for
Teachers (2015). Other documents, however, shift the meaning of digital assessment toward
system monitoring, program evaluation, dashboards, or policy indicators, particularly in
strategic and infrastructure-oriented documents. This creates a visible tension in the corpus
between a classroom-centered formative assessment logic and a system-centered monitoring
logic.

Figure 2 Presence of Al literacy across the corpus

20 1

15 -

10 -

Number of documents

Explicit Partial Absent/implicit
Al literacy presence

Note. Own elaboration based on the documentary review matrix (2026)
4. Discussion

The findings indicate that teacher training in digital competences has become a fully
internationalized field, but one that remains internally diverse. The prominence of documents
such as European Framework for the Digital Competence of Educators: DigCompEdu (2017),
UNESCO ICT Competency Framework for Teachers (2018), ISTE Standards 2024 Version
4.02 (2024), Marco de Referencia de la Competencia Digital Docente (2022), Digital
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Competency Framework (2019), Professional Digital Competence Framework for Teachers
(2019), and Educators’ Digital Competency Framework (2022) shows that teacher digital
competence is now institutionally consolidated as a policy and professional-development
category. At the same time, the national strategies and implementation documents in the corpus
demonstrate that this field is not built by one single framework model, but by a layered set of
normative, strategic, curricular, and technical documents.

One of the central interpretive findings of the study is that the ICT-LKT distinction is
analytically useful but not documentarily dominant. Most of the corpus is framed in terms of
ICT, digital competence, digital literacy, digital citizenship, or digital transformation. LKT is
more often a pedagogical interpretation of what these documents do than a category they
explicitly name. This means that the corpus does include strong pedagogical orientations, but
they are usually articulated through other concepts. In this sense, the study suggests that LKT
works better as a Latin American interpretive lens for reading the international corpus than as
the prevailing terminology of the field itself.

The results on training pathways also show an important tension. The corpus is rich in
progressive and flexible development models, yet less consistent in describing fully operational
routes with duration, sequence, support, certification, and evaluation. This implies that
international frameworks often provide strong answers to the question of what teacher digital
competence should include, but weaker or more uneven answers to the question of how teacher
training should be structured over time in different institutional contexts. For higher education
institutions and teacher education programs, this means that reference frameworks still need to
be translated into locally coherent, staged, and sustainable training designs.

A further discussion point concerns the dual structure of pedagogical integration found in the
corpus. Some documents operate at the level of pedagogical practice and classroom design,
while others focus on infrastructure, implementation, governance, and system transformation.
Rather than treating these as competing orientations, the study suggests that they should be
understood as interdependent scales of digital education. Without infrastructure and system
support, pedagogical integration becomes fragile. Without pedagogical design and assessment,
digital transformation risks collapsing into connectivity and access alone.

Al literacy is clearly the most time-sensitive dimension in the study. The documentary field is
undergoing rapid expansion here, and the difference between earlier frameworks and recent Al
documents is better understood as a temporal layering than as a conceptual inconsistency.
Established frameworks were developed before the current generative Al wave. More recent
documents are now adding new dimensions that teacher training must address: ethical Al use,
privacy, authorship, academic integrity, verification, and authentic assessment. This suggests
that teacher digital competence is no longer a stable field defined once and for all; it is being
actively reconfigured by Al

The study has at least three limitations. First, the corpus is heterogeneous in genre, including
frameworks, standards, policies, strategies, guides, plans, and reports. This enriched the
analysis but reduced the equivalence of documentary units. Second, not all documents
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addressed the five categories with the same depth, which made some comparisons stronger
than others, especially in Al literacy and digital formative assessment. Third, because this is a
documentary study, it does not directly assess implementation or impact in specific educational
settings. Still, the study offers a robust basis for understanding how the international discourse
on teacher digital competence is structured and where its most visible gaps currently lie.

5. Conclusions

This study concludes that international frameworks, guidelines, and policy documents on
teacher training in digital competences constitute a broad, institutionally consolidated, and
conceptually diverse field in which pedagogical, professional, technological, and strategic
orientations converge. In response to the research objective, it can be stated that the corpus
consistently recognizes the centrality of teacher professional development in the digital
transformation of education, although it differs in its conceptual language, in the specificity of
its training pathways, and in the depth with which it addresses Al literacy and digital formative
assessment.

At the conceptual level, ICT remains the most explicit and stable category across the corpus,
whereas LKT appears less visibly and mostly through pedagogical reinterpretation. This does
not mean that the pedagogical use of technology is absent; rather, it is expressed through
concepts such as digital competence, digital literacy, digital citizenship, educational
innovation, and meaningful digital learning. The article therefore provides evidence that the
pedagogical turn is real, even when it is not labeled through the ICT-LKT distinction.

In relation to the teacher training pathways, the corpus does not offer one universal model, but
rather progressive, flexible, and adaptable routes organized through levels, phases, profiles, or
professional-development processes. This expands the possibilities for contextualization, but
it also demands that institutions translate general frameworks into operational and sustainable
teacher training designs.

Al literacy emerged as a recent and still not fully transversal dimension. The most recent
documents advance a more complex understanding of Al in education, centered on ethics,
privacy, verification, bias, academic integrity, and pedagogical redesign, while earlier or more
general frameworks omit it or address it only tangentially. One of the main implications of the
study, therefore, is the need to update teacher education so that Al becomes not only a technical
resource but also an object of critical, pedagogical, and ethical reflection.

Finally, digital formative assessment was confirmed as a relevant but unevenly developed
dimension. Frameworks focused on teachers provide strong references for integrating criteria,
evidence, feedback, and pedagogical uses of data, while strategic and infrastructure documents
tend to shift assessment toward program monitoring and institutional management.
International frameworks thus offer a strong foundation for teacher training in digital
competences, but they require pedagogical and institutional contextualization in order to
articulate professional development, instructional integration, Al literacy, and digital formative
assessment more coherently in actual educational practice.
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