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ABSTRACT
As artificial intelligence (AI) rapidly transforms educational practices, educators worldwide face an urgent need to develop ped-
agogic competencies that align with AI's evolving capabilities, yet existing frameworks lack systematic guidance for AI-specific 
skill development. This article introduces a pioneering framework designed to refine educators' pedagogic competencies in the 
rapidly evolving landscape of AI. Drawing inspiration from esteemed models for teacher knowledge development, such as the 
Technological Pedagogical Content Knowledge (TPACK) and the Digital Competence of Educators framework, this framework 
sets out to serve as a fundamental benchmark for a wide array of stakeholders. The framework delineates 12 essential pedagogic 
AI competencies categorised into four distinct domains, with each domain encompassing six levels of proficiency. Developed 
through a systematic literature review and iterative expert consultations, the framework's design integrates qualitative analyses. 
Key findings reveal that its structured approach enables precise diagnostic evaluation of educators' competencies while offering 
actionable pathways for growth. By offering a detailed roadmap for the integration of AI tools in teaching, learning and assess-
ment, the framework endeavours to equip educators with the necessary skills and knowledge to navigate the complexities of dig-
ital pedagogy effectively. Consequently, this article aims to catalyse a shift towards more informed, strategic and proficient use of 
AI in education, ensuring that educators are well prepared to meet the challenges and opportunities presented by the age of AI.

1   |   Introduction

The integration of AI into education has fundamentally trans-
formed teaching and learning (Chiu et  al.  2024; Hava and 
Babayiğit  2024; Ng et  al.  2023; Wang et  al.  2024). Large lan-
guage models and AI-powered educational tools can generate 
human-like text, create educational content, provide instant 
feedback and facilitate personalised learning experiences at an 
unprecedented scale (Holmes and Tuomi 2022; Lim et al. 2023). 
Generative AI tools also enable automated assessment, adap-
tive learning pathways and intelligent tutoring systems (Huang 
et  al.  2024; Kohnke et  al.  2023; Moorhouse  2024). However, 
these opportunities also raise crucial questions surrounding 

academic integrity, authentic assessment and educators' chang-
ing roles (Kohnke and Zou 2025). Today's educators therefore 
must develop specific AI-related knowledge and skills, encom-
passing technical proficiency, ethical considerations and peda-
gogical applications (Celik 2023; Moorhouse and Kohnke 2024; 
Ng et  al.  2023). This necessitates a comprehensive framework 
for developing these competencies.

The existing frameworks for teacher knowledge develop-
ment, such as the technological pedagogical content knowl-
edge (TPACK) model (Koehler and Mishra  2009) and the 
digital competence of educators (DigCompEdu) frame-
work (Redecker  2017), provide valuable foundations for 
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understanding how educators can effectively integrate tech-
nology into teaching practices. However, these frameworks 
require adaptations to address AI technologies' unique edu-
cational characteristics and implications (e.g., Chan  2023; 
Mikeladze et  al.  2024). For instance, TPACK effectively de-
lineates the intersection of technological, pedagogical and 
content knowledge, but it does not explicitly address AI 
tools' distinctive features such as generating content, pro-
viding personalised feedback and adapting to learner needs 
(Luo and Zou 2024; Zou et  al. 2022). Similarly, the original 
DigCompEdu offers a structured approach to evaluating dig-
ital competencies but predates AI's widespread adoption in 
educational contexts.

Moreover, despite the growing body of research on AI in educa-
tion, a significant gap exists in understanding how to systemat-
ically develop and assess educators' AI competencies (Kohnke 
et  al. 2025). Existing studies have examined implementing AI 
tools in educational settings (Crompton et  al.  2024; Holmes 
and Tuomi 2022) and proposed various frameworks for digital 
competencies (Redecker 2017). However, limited research spe-
cifically addresses AI technologies' unique challenges and op-
portunities in teaching and learning. This gap is particularly 
critical given GAI tools' rapid advancement and potential im-
pact on educational pedagogy (Kohnke et al. 2023; Moorhouse 
and Kohnke 2024; Wei 2023).

Therefore, the urgency of this research lies in the dissonance be-
tween AI's accelerating adoption and the absence of a systematic 
framework to equip educators with the competencies needed to 
harness its potential responsibly. Without such guidance, educa-
tors risk either underutilising AI's transformative capabilities or 
exacerbating ethical and pedagogical pitfalls, such as over-reliance 
on automated systems or inequitable resource distribution. This 
study addresses a critical gap by redefining teacher prepared-
ness for the AI era, ensuring educators can navigate both the 
opportunities and challenges of AI while fostering equitable, 
student-centered learning environments. Moreover, as no existing 
framework provides granular descriptors or progression levels for 
AI competency development, limiting practical implementation in 
teacher training, this study aims to establish detailed descriptors 
and proficiency levels for each AI-competency domain.

2   |   Literature Review

2.1   |   TPACK

The escalating emphasis on the requisite digital competen-
cies for novice educators, as highlighted by scholars such as 
Starkey  (2020), has catalysed the formulation of numerous 
frameworks delineating the essential skills and knowledge re-
quired for educators to effectively incorporate technology into 
their pedagogical practices. A notable instance of such frame-
works is the TPACK framework (Figure 1) introduced by Mishra 
and Koehler  (2009), which offers a comprehensive model for 
understanding the intersections between technology, pedagogy 
and subject content in educational settings.

The TPACK framework integrates technology into teach-
ing in a meaningful way and emphasises the intersection of 

three primary forms of knowledge: Content (CK), Pedagogy 
(PK) and Technology (TK) (Bustamante  2020). CK refers to 
the subject matter that is to be learned or taught, PK involves 
the methods and processes of teaching and TK pertains to the 
use of digital tools and resources (Mishra and Koehler 2009). 
TPK refers to the knowledge about how teaching and learning 
can change when particular technologies are used. It encom-
passes an understanding of the existence, components and 
capabilities of various technologies as they are used in teach-
ing and learning settings. TCK involves understanding how 
technology can create new ways of teaching content. PCK is 
the knowledge of how to teach specific content. It involves 
understanding the most effective ways to present certain con-
cepts, ideas, or content to learners. This includes knowledge 
of strategies, methods and approaches that are particularly 
effective for teaching specific content areas, as well as an un-
derstanding of what makes certain concepts difficult or easy 
to learn. TPCK is the intersection of all three knowledge do-
mains, which represents a holistic understanding of how to 
effectively integrate technology into teaching specific con-
tent, based on an understanding of the content itself, the ped-
agogical strategies best suited for teaching this content, and 
the technological tools that can best support these strategies 
(Bustamante 2020). TPACK is about finding a synergistic in-
tegration of these three knowledge domains to create effective 
and meaningful learning experiences.

Based on the TPACK framework, Celik  (2023) introduced 
Intelligent-TPACK, an extension with an ethical knowledge 
component, to guide the ethical and pedagogical use of AI-
based tools. Intelligent-TPACK encompasses the understand-
ing and interaction with AI-based tools, focusing on their 
fundamental functionalities and assessing teachers' famil-
iarity with these tools' technical capacities. Intelligent-TPK 
delves into the pedagogical affordances offered by AI tools, 
such as providing personal and timely feedback and moni-
toring student learning, along with interpreting alerts and 

FIGURE 1    |    TPACK framework.
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notifications from these tools. Intelligent-TCK is concerned 
with the application of field-specific AI tools to enhance con-
tent knowledge, evaluating teachers' use of technology to 
stay updated in their subject area and their understanding of 
technologies best suited for their field's learning objectives. 
Intelligent-TPACK represents the integration of these com-
ponents, assessing teachers' ability to judiciously select and 
apply AI tools to achieve instructional goals through effective 
teaching strategies, such as providing monitoring and timely 
feedback within specific domains. Ethics evaluates a teacher's 
assessment concerning the decision on AI-based tools based 
on principles of transparency, fairness, accountability and in-
clusiveness (Celik 2023).

In language classrooms, the TPACK framework guides educa-
tors in integrating technology to enhance language learning 
effectively, and language teachers need to understand not only 
the linguistic content (grammar, vocabulary, etc.) but also the 
pedagogical strategies best suited for language instruction (Su 
et al. 2023). When this is combined with technological knowl-
edge, teachers can select and use digital tools (like language 
learning apps, online collaborative platforms or multimedia 
resources) that complement their teaching methods and sup-
port the learning objectives. For instance, using a blog for stu-
dents to practice writing skills offers an authentic context for 
language use, aligning with pedagogical goals while incorpo-
rating technology (Wu and Wang 2015). The development of 
TPACK among language teachers involves a continuous pro-
cess of learning and adaptation, and teachers need to stay in-
formed about emerging technologies and consider how these 
can be integrated into their pedagogical practices to enhance 
language learning (Zou 2020). Professional development pro-
grammes focusing on TPACK can help language teachers 
explore various digital tools and platforms and understand 
how to align these with their teaching objectives and content 
requirements (Kohnke et al. 2024). As language teachers de-
velop their TPACK, they become more adept at creating en-
gaging, relevant and effective language learning experiences 
for their students.

While the TPACK framework offers a theoretical model eluci-
dating the interplay between technological, pedagogical and 
content knowledge, its application in practical settings has 
been constrained by its conceptual abstraction. An examina-
tion of 51 TPACK-related studies revealed that a mere four 
explicitly addressed its practical implementation in the con-
text of language education (Tseng et al. 2020). Furthermore, 
TPACK does not adequately specify the developmental path-
ways through which educators can acquire the necessary 
competencies to employ AI tools in language instruction, nor 
does it pinpoint the precise technological knowledge essential 
for incorporating these tools within educational settings. This 
oversight is particularly significant in light of the distinctive 
functionalities of AI technologies and the unique challenges 
they introduce, distinct from those associated with conven-
tional educational technologies. Additionally, the TPACK 
framework appears to neglect other critical dimensions of 
teaching within AI-enhanced environments, such as ethical 
considerations, privacy issues and security concerns (Starkey 
et al. 2023).

2.2   |   DigCompEdu

The DigCompEdu framework, conceptualised by the European 
Commission, constitutes a comprehensive Professional 
Development Competencies (PDC) master framework within 
the European Union (EU) context. It functions as a founda-
tional benchmark for various stakeholders, including national 
states, educational entities, schools and providers of profes-
sional development, aiming to craft their distinctive frame-
works (Redecker 2017). DigCompEdu systematically organises 
22 competencies across six domains, each featuring six levels of 
proficiency, offering a structured approach to evaluating and en-
hancing educators' digital competencies.

As illustrated in Figure 2, the first area, Professional Engagement, 
emphasises the effective and appropriate use of technologies for 
communication, collaboration and reflection among relevant 
stakeholders. Second, Digital Resources focuses on the selection, 
creation, adaptation and management of educational resources 
and highlights the ethical use of digital content in education. 
Teaching and Learning concerns the pedagogically meaning-
ful integration of digital technologies into teaching practices 
and enhancement of collaborative and self-regulated learning. 
Assessment addresses the use of digital technologies to assess 
student performance, analyse evidence and provide feedback 
and support. Empowering Learners features the use of technol-
ogies to support differentiation, personalisation, accessibility, 
inclusion and active student engagement. Lastly, Facilitating 
Learners' Digital Competence, underlines educators' duty to en-
hance students' digital literacy and responsible technology use 
(Punie and Redecker 2017).

The six proficiency levels (A1 to C2), demonstrated in Figure 3, 
mirror the structure of the Common European Framework of 
Reference for Languages (CEFR). Educators at the Beginner 
(A1-A2) levels recognise the potential benefits of digital tech-
nologies for pedagogical and professional development but 
have limited experience in their application. Intermediate (B1-
B2) educators can actively integrate digital tools across various 
teaching and learning contexts, demonstrating a broader under-
standing and application of digital resources in their pedagogi-
cal practices. Advanced (C1-C2) educators lead and innovate in 
digital technology use, developing new strategies and fostering 
a culture of learning and innovation. This framework's levels 
facilitate teacher self-assessment and professional growth by 
identifying strengths and development areas in digital compe-
tencies for effective technology integration in education (Caena 
and Redecker 2019).

Reisoğlu and Çebi (2020) conducted a study to examine a 70-h 
DigCompEdu-based training programme for 24 pre-service 
teachers, focusing on five competence areas: Information/data 
literacy, communication/collaboration, digital content cre-
ation, safety and problem-solving. Their research data, in the 
formats of diaries and interviews, revealed improvements in 
sub-competences like information evaluation, digital identity 
management and copyright awareness, but gaps persisted in 
environmental protection, content integration and personalised 
differentiation. Based on such findings, Reisoğlu and Çebi sug-
gested that educator trainers integrate practical, collaborative 
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tasks and role-modelling to align with DigCompEdu's domains 
(e.g., professional engagement, digital resources, teaching/learn-
ing, assessment and learner empowerment).

In another study, Horváth et al. (2025) assessed the DigCompEdu 
framework's validity for measuring teacher educators' digital 
competence (TDC) via a Hungarian sample (N = 183). Using 
structural equation modelling, it confirmed internal validity 
and highlighted professional engagement's mediating role in fos-
tering student teachers' digital skills. However, self-assessment 
alignment with test results was weak, and age/competence 
correlations were inconsistent. Despite sample limitations, the 
findings underscore DigCompEdu's potential for refining TDC 

development, emphasising professional engagement while urg-
ing caution in self-evaluation accuracy.

While the DigCompEdu framework offers a structured ap-
proach to educators' digital competence development, it has a 
notable limitation. Its narrow focus on pedagogical integration 
of digital tools (e.g., teaching strategies, assessment) sidelines 
subject-specific and general digital competences (Caena and 
Redecker 2019). Unlike the TPACK model, which explicitly in-
tertwines TK, PK and CK, DigCompEdu assumes CK and TK 
are sufficiently addressed elsewhere, potentially overlooking 
discipline-specific challenges (e.g., STEM vs. humanities) and 
evolving technological demands. This limitation highlights the 

FIGURE 2    |    Synthesis of the DigCompEdu framework (Punie and Redecker 2017).

FIGURE 3    |    Levels of the DigCompEdu progression model (Punie & Redecker 2017).
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need for a complementary framework to address contextual, 
content-specific and pedagogical dimensions of digital compe-
tence development.

3   |   Method

Guided by the TPACK and DigCompEdu frameworks, this study 
employed a three-stage methodological process to develop a 
framework for educators' AI competencies. The stages included: 
(1) systematic identification of key competencies through litera-
ture analysis, (2) critical evaluation of existing pedagogical mod-
els and (3) contextual adaptation of these elements to AI-specific 
educational contexts.

1.	 Identification of Key Competencies: The initial phase in-
volves a meticulous review of existing literature to identify 
essential competencies for educators navigating the com-
plexities of the digital age. This literature review spans 
both empirical studies and theoretical discussions, aim-
ing to collate a comprehensive list of skills and knowledge 
areas critical for educators in the context of rapidly evolv-
ing AI technologies.

2.	 Critical Analysis of Existing Models: Subsequent to the 
identification of key competencies, following Caena and 
Redecker  (2019), the researchers engaged in a critical 
analysis of well-established models for teacher knowledge 
development, including, but not limited to, the TPACK 
framework and the DigCompEdu models. These frame-
works were selected based on their prevalence in teacher 
education literature as revealed at the previous stage. 
Three researchers assessed each framework's alignment 
with AI-specific demands critically and independently. 
Discrepancies were resolved through consensus discus-
sions. This analysis seeks to evaluate the applicability 
and relevance of these models within the GAI landscape, 

identifying strengths and limitations in addressing the 
pedagogic needs of modern educators.

3.	 Contextualisation in the AI Landscape: The synthesised 
competencies and model gaps were contextualised for AI 
through three iterative rounds of expert validation. The 
three researchers situated the synthesised competencies 
within the specific context of AI in education. This in-
volves adapting and refining the competencies and mod-
els to address the unique challenges and opportunities 
presented by AI technologies. This step ensures that the 
proposed framework is not only grounded in established 
pedagogic theory but also responsive to the dynamic na-
ture of technological advancement.

Through this methodological approach (i.e., triangulation of 
literature analysis, model evaluation and expert validation), the 
study aims to contribute a forward-thinking framework that 
empowers educators to harness the potential of GAI in enhanc-
ing pedagogic effectiveness. This research not only addresses 
the theoretical underpinnings of teacher competencies in the 
digital age but also offers practical insights for educators seeking 
to integrate AI into their pedagogic practices.

4   |   Proposed Framework

Based on the analysis of this research concerning educators' 
key competences and models for their knowledge development, 
we propose a framework for educators' pedagogic competences 
in the age of generative AI (GAI) with reference to the TPACK 
and DigCompEdu frameworks. As shown in Figure 4, this ed-
ucators' pedagogic AI competence (PedAIComp) framework 
is structured around four foundational areas, namely: Area 1: 
GAI-powered digital resources, Area 2: AI-enhanced teaching 
and learning, Area 3: AI-augmented assessment and Area 4: 
Empowering learners with AI.

FIGURE 4    |    Educators' pedagogic AI competence framework.
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The first three areas delineate the effective and innovative appli-
cation of AI technologies when planning (Area 1), implement-
ing (Area 2) and assessing (Area 3) teaching and learning. Area 
4 emphasises the significance of AI technologies in facilitating 
learner-centered approaches to education. It intersects with the 
first three areas by providing overarching principles that enhance 
and complement the competencies outlined therein. For instance, 
educators skilled in Area 1 will adeptly create, select, modify 
and manage AI-generated digital resources to align with specific 
learning goals and the learners' current abilities. They aim to se-
lect and/or develop learning activities that directly contribute to 
achieving desired learning outcomes. Meanwhile, educators ex-
celling in Area 4 focus on tailoring AI-augmented resources to 
foster learner empowerment, ensuring accessibility for and inclu-
sion of all students, enabling personalised learning trajectories, 
designing resources to actively involve and captivate every learner 
and providing them with real-time interactions. A proficient AI 
educator will, therefore, integrate the objectives of both Area 1, 
focusing on the direct learning goals, and Area 4, centering on 
learner empowerment. While the former pertains specifically to 
the selection or creation process, the latter universally applies to 
competencies across Areas 1–3.

Beyond these core pedagogic elements, the framework incor-
porates wider digital and transversal competencies, as well as 
AI literacy, and the integration of technological, pedagogical 
and content knowledge. These components recognise that ped-
agogic AI competence extends beyond mere operational use of 
AI in education to encompass a holistic understanding of the 
broader teaching and learning environment. Pedagogically AI-
competent educators are thus encouraged to consider the com-
plete educational ecosystem in which they operate.

Specifically, the six foundational elements (i.e., Technological 
Knowledge, AI Literacy, Pedagogical Knowledge, Transversal 
Competence, Content Knowledge and Digital Competence) holis-
tically support the four core areas. Area 1 (GAI-powered digital 
resources) relies on TK to operate AI tools, AI Literacy to leverage 
GAI capabilities, Digital Competence to navigate platforms and CK 
to ensure subject-specific relevance. Area 2 (AI-enhanced teaching 
and learning) draws on TPK to design AI-integrated instructional 
strategies, AI Literacy to apply tools like adaptive learning systems 
and Transversal Competence to adapt methods across diverse con-
texts. Area 3 (AI-augmented assessment) combines PK for design-
ing evaluations, AI Literacy to automate feedback and analytics 
and Digital Competence to manage ethical data practices. Finally, 
Area 4 (Empowering learners with AI) hinges on Transversal 
Competence to cultivate critical thinking and self-regulation, AI 
Literacy to teach students responsible AI use and TCK to align 
AI applications with disciplinary goals. Across all areas, Digital 
Competence serves as the bedrock, enabling seamless interaction 
with AI technologies, while TK and AI Literacy ensure educators 
can innovate within evolving digital landscapes. Together, these el-
ements create a synergistic foundation for educators to harness AI's 
potential ethically, creatively and effectively in pedagogy.

4.1   |   Area 1: GAI-Powered Digital Resources

Pedagogic AI competencies for educators in digital resource 
management encompass a multifaceted understanding of how 

to create, select, modify and manage AI-generated digital re-
sources. This area includes four competencies.

1.1.	  Creating AI-generated digital resources: The ability 
to create or co-create new digital resources using GAI 
is becoming increasingly important. Educators should be 
able to guide GAI tools and models in developing accurate 
and ethical resources that meet specific learning objectives 
and pedagogical strategies. Beyond understanding GAI's 
capabilities and limitations, educators need proficiency 
in designing and revising prompts that effectively com-
municate the desired output from GAI tools, ensuring 
the generated content meets educational standards and 
learning goals. They should be skilled in prompting GAI 
to generate content that fits curriculum requirements and 
suit student levels. Moreover, educators should be adept in 
iterative design processes, where prompts are continuously 
refined based on the AI's responses to better align with 
educational objectives.

1.2.	  Selecting AI-generated digital resources: Educators 
must be skilled in selecting AI-generated resources 
that are relevant and appropriate. This requires an in-
tricate blend of subject-specific knowledge and peda-
gogical expertise. Educators firstly need to evaluate the 
AI-generated content, ensuring it aligns with academic 
standards and enriches the curriculum. They also must 
sift through available content to find resources that accu-
rately represent the subject area, free from biases and er-
rors and that are appropriate for the educational context. 
Moreover, making informed decisions about selecting AI-
generated resources necessitates a comprehensive under-
standing of students' needs and preferences. Educators 
must be adept at analysing these factors to choose ma-
terials that not only meet educational objectives but also 
engage and motivate learners. Critical evaluation skills 
are paramount for assessing the relevance, accuracy and 
pedagogical value of AI-generated materials.

1.3.	  Modifying AI-generated digital resources: Upon select-
ing AI-generated digital resources, it is imperative for ed-
ucators to modify the content to align with the accuracy, 
lesson plans, intended learning outcomes and the current 
learning status of students, ensuring the materials are accu-
rate, ethical, relevant and engaging. This adaptation process 
necessitates a deep understanding of curriculum design, al-
lowing educators to refine resources to seamlessly integrate 
into the overarching curriculum, thereby enriching the ed-
ucational journey. This involves tailoring materials to foster 
learning outcome progression and accommodate both indi-
vidual and group learning settings. Effective adaptation also 
hinges on a detailed comprehension of the diverse needs 
and preferences of students. Educators are tasked with mod-
ifying resources to engage students' interests, accommodate 
their learning preferences and bridge any knowledge or skill 
gaps. In essence, the customisation of GAI-powered digital 
resources demands a synergistic application of subject mat-
ter expertise, pedagogical insight, attentiveness to student 
needs and meticulous curriculum planning.

1.4.	  Managing AI-generated digital resources: Educators 
need competencies in managing digital libraries and 
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ensuring that the resources are accessible to all learners. 
They also should be aware of the importance of protecting 
sensitive data and are responsible for sharing digital re-
sources in a way that respects copyright and privacy laws. 
Understanding the use of open licences and the principles 
of open educational resources is crucial for legally shar-
ing AI-generated materials and attributing them properly. 
Moreover, educators must possess knowledge in digital 
ethics, including navigating data privacy concerns, ad-
dressing biases within AI algorithms and understanding 
intellectual property issues to use AI-powered resources 
responsibly.

Table 1 provides a structured outline for each of the four compe-
tencies related to GAI-powered digital resources. Each level re-
flects increasing proficiency, from basic awareness to advanced 
leadership and innovation in the use of AI tools within educa-
tion. This approach aligns with a comprehensive progression 
model for educators, enhancing their digital competencies in a 
strategic and scalable manner.

4.2   |   Area 2: AI-Assisted Teaching and Learning

The second area involves effectively leveraging AI to support a 
learner-centred teaching and learning approach through inte-
grating AI in teaching and mentoring learners using AI technol-
ogies. The two focal competencies are further explained below.

2.1.	  Teaching with AI tools: Incorporating AI tools into 
teaching practices offers educators unparalleled oppor-
tunities to enhance instruction and foster a more en-
gaging, personalised learning environment. The key to 
effectively leveraging these tools lies in understanding 
their diverse functionalities and integrating them into 
pedagogical strategies to support and enrich the learning 
journey. Educators can harness AI to tailor educational 
content and experiences to individual learners' needs and 
preferences.

This personalisation is achieved through Intelligent 
Tutoring Systems (ITSs) and adaptive or personalised 
learning platforms that analyse students' performance, 
learning needs and engagement levels to provide custom-
ised guidance, exercises and feedback. By adjusting to each 
student's unique learning path, AI tools can help bridge 
knowledge gaps more efficiently, making education more 
accessible and effective for everyone.

Natural Language Processing (NLP) technologies enable 
real-time, interactive communication between students 
and AI, allowing for immediate feedback and continuous 
checking for comprehension. This instant feedback mech-
anism is crucial in education, facilitating continuous im-
provement and confidence.

Collaborative learning is another area where AI tools can 
significantly impact. Through analysis of group interac-
tions and learning patterns, AI can offer insights to edu-
cators on how to optimise group work, promote effective 
communication and encourage peer learning. Moreover, 
AI-powered systems can identify the most beneficial 

collaboration patterns and suggest adjustments to maxim-
ise the educational outcomes of group activities.

The role of AI in fostering an inclusive learning environ-
ment cannot be overstated. Specialised AI applications 
provide support for learners with diverse needs, including 
those with disabilities, by offering customised resources 
and learning strategies. This not only aids in accommodat-
ing individual learning differences but also ensures equita-
ble access to education.

Furthermore, AI's capability to analyse vast amounts of 
data offers educators insights into classroom dynamics 
and student engagement, enabling them to make informed 
decisions about teaching strategies and interventions. By 
understanding patterns of engagement and learning, edu-
cators can fine-tune their instruction to better meet their 
students' needs.

In essence, the effective use of AI in teaching requires a 
holistic approach that integrates various AI tools and tech-
niques into the curriculum and pedagogical practices. 
Educators should aim to leverage AI not just as a supple-
mentary tool but as an integral part of the learning ecosys-
tem that enriches the educational experience. By doing so, 
they can provide a more dynamic, interactive and person-
alised learning environment that prepares students for the 
challenges of the future.

2.2.	  Mentoring with an AI facilitator: Using AI as mentors 
marks a significant transformation in educational method-
ologies, emphasising the utilisation of AI to enhance men-
torship roles. This innovative approach enables educators 
to employ AI for personalised guidance, promoting self-
directed learning among students. AI mentors facilitate 
a learning environment where students can set their own 
goals, monitor their advancements and reflect on their edu-
cational progress, thereby personalising and enhancing the 
mentorship experience.

A crucial aspect of this evolution is the educator's under-
standing of AI's ability to customise learning experiences 
according to the individual needs and preferences of each 
student. At the heart of AI's mentorship capabilities are 
ITSs and personalised learning environments that exem-
plify how AI can provide detailed, adaptive feedback and 
instructions that correspond with the learner's pace and 
requirements.

For example, ITSs have been effectively used to offer au-
tistic learners tailored support that addresses both their 
academic and emotional needs, mirroring the support 
typically provided by human mentors. NLP also ena-
bles AI mentors to engage in meaningful dialogues with 
learners, offering immediate feedback that is relevant to 
the learning context. Educational robots as AI mentors 
introduce an element of interactivity, challenging stu-
dents with tasks that enhance their critical thinking and 
problem-solving abilities. Beyond imparting knowledge, 
these AI mentors stimulate curiosity and foster a passion 
for discovery.

Affective computing highlights the role of emotional 
intelligence in learning, with AI mentors capable of 
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identifying and responding to the emotional states of 
learners, thus offering support that is sensitive to their 
emotional well-being. Recommender systems further 
personalise the mentoring process by selecting learning 
materials and paths tailored to the learner's profile, con-
tinuously adapting recommendations to suit the learner's 
evolving needs.

AI mentorship represents a comprehensive application of 
AI technologies to deliver support that is not only academ-
ically focused but also considers the emotional and social 
development of students. By integrating AI, educators can 
provide a mentorship experience that is both deeply person-
alised and broadly supportive, fundamentally altering the 
educational experience.

Table 2 provides a structured framework for educators to prog-
ress in their AI-assisted teaching and mentoring competencies, 
enabling a more personalised, dynamic and supportive learning 
environment through AI.

4.3   |   Area 3: AI-Enhanced Assessment

The third area involves effectively designing and implementing 
AI-empowered assessment and analysing evidence and provid-
ing feedback with AI assistance. The two focal competencies are 
further explained below.

3.1.	  Designing and implementing AI-enhanced assessment. 
This new paradigm requires a strategic redesign of assess-
ment tasks to leverage the unique capabilities of GAI, 
thereby enhancing learning outcomes. Central to it is the 
emphasis on designing assessments that stimulate creativity 
and critical thinking, embed contextual elements by linking 
course content with real-life experiences and implement 
authentic assessments for practical application of concepts 
in real-world scenarios. We propose six key strategies for 
designing and implementing AI-enhanced assessment.
1.	Innovative design: Educators are encouraged to craft as-

sessments that demand creativity and critical analysis, 
areas where GAI tools currently face limitations. This 
includes posing genuine questions tied to contempo-
rary debates within disciplines, expecting students to 
engage in critical thinking supported by evidence and 
reasoning.

2.	Contextual and authentic assessments: Incorporating 
contextual elements into assignments – such as con-
necting course content to students' lived experiences 
and discussions – enhances relevance and student 
motivation. Authentic assessments, including case 
studies and problem-based inquiries, allow students 
to apply theoretical knowledge in practical settings, 
thereby improving engagement and reducing aca-
demic dishonesty.

3.	Diverse representation: Offering students a variety of 
ways to express their knowledge beyond traditional text 
is important. This encompasses creating images, slides, 
videos, audio recordings and facilitating discussions, 
thus promoting the use and development of a variety of 
knowledge and skills.

4.	Process and staged assessment design: Emphasising the 
assessment process encourages deeper engagement with 
the task. Suggestions include incorporating proposals, 
drafts, annotations and peer feedback into assignments 
and breaking larger tasks into smaller, manageable 
segments. This approach can reduce grade anxiety and 
provide valuable insights into student performance and 
opportunities for formative feedback.

5.	Integration of GAI tools: A novel approach involves 
students interacting with GAI tools, such as ChatGPT, 
DALL-E and Sora, both as a means of generating content 
and as a subject of critical analysis. This fosters digital 
literacy and necessitates ethical considerations, includ-
ing acknowledging the use of such tools.

6.	In-class assessments: In-class assessments to counter 
the reliance on GAI for assignments are highly recom-
mended. This might include handwritten essays or oral 
presentations conducted within a controlled environ-
ment, though caution is advised to ensure equity and 
inclusivity for all students.

3.2.	  Analysing evidence and providing feedback with AI as-
sistance. In the realm of education, leveraging AI to enhance 
the analysis of evidence and delivery of feedback represents 
a significant leap forward. AI assistance in these areas fa-
cilitates a more nuanced understanding of student perfor-
mance and engagement, enabling educators to offer tailored 
support and interventions. This area involves exploring the 
integration of learning analytics tools, performance predic-
tion AI tools, AI-generated feedback and strategies to en-
hance feedback engagement and responsiveness.
1.	Learning analytics tools: These AI-driven platforms anal-

yse vast amounts of data generated by students' interac-
tions with digital learning environments. By tracking 
metrics such as time spent on tasks, engagement levels 
and progression through learning materials, educators 
can gain insights into individual and collective learning 
patterns. This real-time data allows for the early identifi-
cation of students who may need additional support, en-
abling targeted interventions that are responsive to each 
learner's unique needs.

2.	Performance prediction AI tools: AI algorithms can pre-
dict student performance by analysing historical and 
real-time data. These tools assess patterns in academic 
achievements, engagement behaviours and other relevant 
factors to forecast future outcomes. Such predictions help 
educators identify at-risk students before they fall behind, 
offering a window for timely support. Additionally, perfor-
mance predictions can guide curriculum adjustments and 
personalised learning pathways, ensuring that teaching 
strategies align with students' evolving needs.

3.	AI-generated feedback: AI can automate the process of 
providing immediate, personalised feedback on student 
assignments and assessments. By utilising natural lan-
guage processing and machine learning algorithms, 
these systems can offer constructive feedback on a wide 
range of submissions, from written essays to coding as-
signments. AI-generated feedback can highlight areas 
of strength, pinpoint weaknesses and suggest resources 
for improvement, thus supporting students' self-directed 
learning and revision practices.
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4.	Feedback engagement and responsiveness: Enhancing 
how students engage with and respond to feedback is 
crucial for their academic development. AI tools can play 
a pivotal role in this by not only delivering personalised 
feedback but also tracking students' interactions with 
this feedback. Educators can use this data to understand 
how effectively students are using the feedback to im-
prove their work. Moreover, AI systems can recommend 
strategies for students to more effectively incorporate 
feedback into their learning process, thereby fostering 
a more responsive and reflective learning environment. 
Incorporating AI assistance into the analysis of evidence 
and provision of feedback transforms the educational 
landscape. It enables a more individualised, data-driven 
approach to teaching and learning, where feedback is 
not just informative but also a catalyst for growth and 
improvement. As AI technologies continue to evolve, 
their potential to refine the feedback loop and enhance 
educational outcomes becomes increasingly significant.

Table 3 outlines detailed descriptors and proficiency levels for 
educators' AI-enhanced assessment competencies.

4.4   |   Area 4: Empowering Learners With AI

The fourth area highlights the crucial role of educators in em-
powering learners through strategic use of AI technologies. It 
underscores the importance of enhancing learner autonomy and 
engagement, while simultaneously fostering the development of 
their digital competencies.

4.1.	  Accessibility and inclusion. To effectively enhance the 
accessibility and inclusion of education through AI, teachers 
must develop a strong foundation in AI competencies. This 
includes understanding the principles of AI technology and 
its application in educational settings, being aware of various 
AI affordances and being proficient in employing AI to 
create adaptive learning resources and environments that 
accommodate different learning needs and preferences and 
consider various learner factors such as prior knowledge, 
cognitive capacity and special educational needs.

Moreover, educators need to stay informed about ethical 
considerations and data privacy issues related to AI in ed-
ucation. By integrating AI responsibly and professionally, 
educators need to ensure that such technologies do not 
widen existing inequalities but instead foster an inclusive 
learning atmosphere where every student can succeed.

4.2.	  Differentiation and personalisation: Educators should 
be adept at employing AI tools and models for differentia-
tion and personalisation, allowing learners to progress at 
their own pace. This might include using GAI to provide 
customised vocabulary exercises, grammar challenges and 
interactive speaking opportunities that are tailored to in-
dividual learner profiles. Educators should also be able to 
create and provide a learning environment that facilitates 
personalised education pathways, enhancing learner en-
gagement and allowing them to progress at their own pace, 
based on their unique goals.

4.3.	  Actively engaging learners: Educators should under-
stand how to leverage AI technologies to transform passive 
learning into an active, engaging experience. For example, 
teachers can use AI-powered chatbots to simulate real-life 
conversations, allowing students to practice language skills 
in diverse, practical scenarios such as ordering at a restau-
rant or navigating travel situations. Educators need to be 
skilled at selecting and using these tools to ensure that in-
teractions are tailored to students' language levels, guiding 
them to improve fluency and cultural understanding.

To foster critical thinking in language learning, educators 
might use AI-assisted writing tools that provide real-time 
feedback on grammar, vocabulary and style. Teachers 
should know how to guide students to critically evaluate 
this feedback, distinguishing between helpful suggestions 
and potentially incorrect AI-generated advice. This ap-
proach not only improves writing accuracy but also devel-
ops students' critical analysis of language use.

For building creativity, educators can integrate AI tools that 
generate visual or multimedia content based on students' 
language input, like AI-driven storytelling platforms where 
students craft narratives in the target language. Teachers 
should know how to structure these activities to encourage 
expressive language use, allowing students to explore lan-
guage beyond conventional assignments. By thoughtfully 
integrating AI in these ways, educators empower students 
to engage deeply and creatively in language learning, while 
building essential language skills and critical thinking 
abilities.

Table 4 outlines detailed descriptors and proficiency levels for 
educators' competencies in empowering learners with AI.

In conclusion, the four key areas and the 12 focal competencies 
are interconnected and mutually reinforcing. The Integration 
of AI in teaching closely interacts with concepts of Accessibility 
and inclusion, Differentiation and personalisation and Learner 
engagement, creating a synergistic effect that enhances the 
overall educational experience. Similarly, AI mentorship ties 
directly into Accessibility and inclusion as well as Learners' dig-
ital competence development, indicating a foundational relation-
ship in fostering an inclusive and digitally competent learning 
environment. Moreover, AI-driven assessment design and im-
plementation are intrinsically linked with Differentiation and 
personalisation, alongside Active learner engagement, suggesting 
that effective assessment practices are pivotal in personalising 
learning experiences and promoting active engagement among 
learners.

5   |   Teacher Training Programs

Teacher training programs in the age of GAI should be metic-
ulously designed to equip educators with the competencies 
necessary for navigating the complexities of digital resource 
management, teaching, learning, assessment and empowering 
learners with digital skills. We suggest that such programs can 
be structured in the following approach to cover the three key 
areas of pedagogic AI competences.
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1.	 Incorporate modules that teach the selection, creation and 
evaluation of AI-generated resources, emphasising ethical 
considerations, accuracy, relevance and alignment with 
learning objectives. Offer hands-on workshops on hu-
man-AI collaboration in creating and modifying digital re-
sources, including customisation for diverse learner needs. 
Facilitate practicums or project-based assignments where 
educators select, create and modify digital resources using 
GAI tools, followed by peer and instructor feedback. Use 
case studies to explore challenges in digital resource man-
agement and collaboratively develop solutions.

2.	 In terms of teaching, learning and assessment with AI, 
we suggest that the curriculum includes comprehensive 
courses on integrating AI into language teaching, covering 
planning, implementation and evaluation of AI-enhanced 
learning experiences. Include modules on AI mentorship, 
focusing on personalised guidance, fostering autonomous 
learning and facilitating collaborative projects with AI. 
Offer specialised training in AI-driven assessment design 
and implementation, highlighting innovative approaches 
and data analysis techniques for informed teaching. 
Implement simulation-based training for AI integration 
in teaching, allowing educators to design and test AI-
enhanced lesson plans. Conduct workshops on AI mentor-
ship strategies, including role-play scenarios that simulate 
different learner interactions. Organise assessment design 
labs where educators create and apply AI-driven assess-
ments, analyse learner data and adjust teaching strategies 
accordingly.

3.	 Regarding empowering learners and promoting their digi-
tal competence development, it is necessary to design mod-
ules on using AI to enhance accessibility and inclusion, 
ensuring all learners, including those with special needs, 
can benefit from language education. Teach differentiation 
and personalisation techniques using AI, enabling edu-
cators to tailor learning experiences to individual learner 
profiles. Integrate courses on engaging learners with GAI, 
including creative and critical thinking exercises and real-
world applications. Facilitate projects where educators 
use AI tools to create inclusive and personalised learning 
environments. Organise interactive workshops where ed-
ucators employ AI to engage learners in language activi-
ties, encouraging creative expression and problem-solving. 
Conduct seminars on developing learners' digital compe-
tence, focusing on responsible digital content creation, col-
laboration and problem-solving with AI. Blend theoretical 
coursework with practical, hands-on experience to ensure 
comprehensive understanding and application of compe-
tencies. Utilise a variety of delivery methods, including 
online modules for theoretical knowledge and in-person 
workshops for practical skills. Encourage reflective prac-
tice and continuous professional development through fo-
rums, peer collaboration and mentorship programmes.

By focusing on these structured components, language teacher 
training programs can effectively prepare educators to harness 
the power of GAI, transforming language teaching, learning 
and assessment and ultimately empowering learners for success 
in the digital age.

6   |   Conclusions

In this research, we propose the PedAIComp Framework as a 
pioneering model to support educators in the effective integra-
tion of AI within their teaching practices. Building on founda-
tional frameworks such as TPACK and the DigCompEdu, our 
PedAIComp framework provides a structured pathway through 
12 essential competencies across four critical areas: AI-powered 
digital resources, AI-enhanced teaching and learning, AI-
augmented assessment and learner empowerment through AI. 
This comprehensive approach not only equips educators to plan, 
implement and assess AI applications in education but also em-
phasises the importance of promoting inclusivity, accessibility 
and learner-centered methodologies.

This PedAIComp Framework encourages educators to think 
beyond operational AI skills, incorporating broader digital and 
transversal competencies and fostering a holistic understand-
ing of AI's role within the educational ecosystem. By prioritis-
ing both learning outcomes and student empowerment, this 
framework supports educators in navigating the rapidly evolv-
ing AI landscape with confidence and purpose. Ultimately, 
PedAIComp is a significant step forward in developing a new 
generation of AI-proficient educators who are well prepared to 
address the challenges and harness the opportunities of AI in 
education.

A key limitation of this research lies in its conceptual nature: 
The proposed framework was developed through a synthesis of 
existing literature and the authors' professional expertise in AI 
education and teacher training, rather than empirical valida-
tion. While the framework draws on rigorous analysis of schol-
arly works and decades of practical experience in AI-integrated 
pedagogy, the absence of systematic data collection (e.g., edu-
cator surveys, classroom observations or longitudinal studies) 
limits its generalisability and practical applicability. As such, 
the framework remains a theoretically grounded prototype that 
requires further empirical testing to assess its efficacy across 
diverse educational contexts. Future research should prioritise 
validating the framework through quantitative and qualitative 
studies, such as competency assessments, case implementations 
or educator feedback loops, to refine its components and ensure 
alignment with real-world classroom dynamics.

Specifically, to validate the scientific credibility and robustness 
of the framework and its descriptors, a multi-method approach 
is essential. First, expert validation through Delphi studies or 
focus groups with AI researchers, educational technologists 
and practitioners can verify the framework's comprehensive-
ness, clarity and applicability across contexts. Second, empirical 
testing via longitudinal studies, classroom implementations or 
competency assessments can assess the framework's predictive 
validity, measuring how well its proficiency levels correlate with 
observable improvements in teaching practices or student out-
comes. Quantitative methods like confirmatory factor analysis 
or partial least squares structural equation modelling can sta-
tistically validate the internal structure of the descriptors, while 
qualitative analyses (e.g., educator interviews) can capture nu-
anced insights into usability. Finally, iterative refinement based 
on feedback and cross-cultural replication studies will enhance 
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generalisability. By triangulating theoretical, empirical and 
methodological rigour, the framework's scientific robustness 
can be demonstrated, positioning it as both evidence-based and 
actionable for diverse educational ecosystems. Nevertheless, 
this study serves as a critical first step in redefining educator 
preparedness for the AI era, bridging theoretical innovation 
with actionable pathways for future inquiry.
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