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Definition

Artificial Intelligence (Al) literacy and competency in pre-service teacher education refer to a
programme-level implementation that enables teachers to work with Al systems effectively,
critically, and ethically across university coursework, school placements, and early-career
practice. This includes not only capability, but also professional enactment, where teachers
apply Al-related knowledge in context-sensitive and pedagogically grounded ways. Al
literacy refers to a shared knowledge base for understanding how Al systems generate
outputs, how to evaluate and verify Al-supported information, and how to reason about
task—tool fit in relation to fairness, privacy, transparency, accountability, academic integrity,
equity, and environmental sustainability. Al competency refers to the application of this
literacy in routine professional tasks, such as designing and justifying Al-informed teaching,
learning, and assessment, protecting students’ and school data, documenting decisions, and
revising Al-supported materials after checking for reliability, transparency, accountability,
and equity. Together, literacy and competency extend beyond personal use of Al by
preparing future teachers to support students’ creative, critical, and ethical engagement

with Al while keeping classroom practice aligned with educational goals, objectives,
and values.

Keywords: Al literacy; Al competency; pre-service teacher education; generative Al; ethics;
socio-technical systems

1. AI Literacy and AI Competency

Artificial Intelligence (Al) technologies are increasingly present in education, and
teacher education programmes are under growing pressure to prepare future teachers
to work with Al in responsible and educationally meaningful ways [1-3]. In pre-service
teacher education, a common question is what teachers need to know about Al and what
they need to do with that knowledge in real teaching, learning, and assessment contexts,
including situations involving generative Al [4-8]. In this area, two key terms are widely
used: Al literacy and Al competency [9,10]. Although these terms are often used inter-
changeably in international frameworks and the literature [9-11], recent scholarship and
policy-oriented work increasingly treat them as related but distinct constructs that differ in
scope and specificity [9,12,13].

1.1. Distinguishing Literacy from Competency: Implications for Teacher Preparation

In pre-service teacher education, Al literacy is commonly described as knowledge
that integrates three areas. First, it includes a basic understanding of how Al systems
work [14]. Second, it includes the ability to evaluate Al outputs critically [15]. Third, it
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includes ethical and socio-technical awareness of Al-related issues such as bias, privacy,
transparency, accountability, integrity, equity, and environmental sustainability [9,11]. In
short, Alliteracy helps pre-service teachers understand what Al is, how it generates outputs,
and what risks and impacts may follow when it is used in educational settings [12,16,17].
This understanding of literacy aligns with broader perspectives that view literacy as socially
situated and context-dependent [18-20].

In comparison, Al competency refers to a teacher’s context-specific capacity to apply
Al-related knowledge, skills, and dispositions within their professional role [7,9,21]. This
also resonates with established models of teacher knowledge that emphasise the integration
of technology, pedagogy, and content [22,23]. In simple terms, Al competency is about
using Al in ways that support teaching, learning, and assessment effectively, critically, and
ethically under real constraints [6,9,24]. For example, a pre-service teacher may recognise
that a generative Al tool can produce fluent but potentially inaccurate explanations of
a topic, but Al competency involves deciding whether such output is appropriate for a
specific lesson under time and curricular constraints, checking it against reliable sources,
and adapting it in ways that support pupils’ learning outcomes while maintaining accuracy,
fairness, and transparency. Research on teacher Al competency also highlights motivational
and psychological factors, such as confidence, self-efficacy, and a reflective orientation [1,12].
These factors can shape whether pre-service teachers can adopt, critique, and adapt Al
tools in beneficial ways in the classroom [6,9,11].

At the same time, major policy-oriented frameworks do not treat the boundary be-
tween literacy and competency as fully separate [1,25,26]. For example, the European Com-
mission and the Organisation for Economic Co-operation and Development (OECD) [27]
define Al literacy as the technical knowledge, durable skills, and future-ready attitudes
required to thrive in a world influenced by Al This definition already includes attitudes,
and the framework presents learning expectations that resemble competency statements.
For pre-service teacher education, the practical value of the distinction is, therefore, not to
enforce rigid terminology. Instead, it helps clarify curriculum functions. Al literacy can be
treated as the knowledge base and shared language across the programme, while Al com-
petency can be treated as the application of that knowledge in professional tasks [9,12,13].
This framing also supports later sections in this entry, because ethical and socio-technical
concerns require both understanding and enacted professional judgement [13,28].

1.2. UNESCO Al Competency for Teachers

UNESCO’s Al Competency Framework for Teachers (Al CFT) [24] describes how
teachers can develop Al competency over time. It is organised as a matrix that crosses five
aspects with three progression levels (Acquire, Deepen, and Create). The five aspects are
human-centred mindset, ethics of Al, Al foundations and applications, Al pedagogy, and Al
for professional development. The framework notes that competency development is com-
plex and context-dependent, so the progression levels serve as a reference pathway rather
than fixed steps. At the Acquire level, teachers develop the essential competencies needed
to evaluate, select, and use Al tools appropriately. The Deepen level focuses on designing
meaningful pedagogical strategies that integrate Al. The Create level emphasises innova-
tive use, including more creative configuration of Al systems in education. By crossing the
three levels with the five aspects, the Al CFT specifies fifteen competency blocks.

For pre-service teacher education, the AI CFT can be used as a planning reference
for staged learning objectives across coursework and school placement. Early learning
activities can focus on safe and critical use in low-stakes tasks, including checking the
trustworthiness of Al outputs. Later activities can focus on designing, justifying, and
evaluating Al-informed teaching and assessment practices in authentic classroom contexts,
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with clear evidence of professional judgement. The framework also cautions that over-
reliance on Al may lead to the atrophy of teachers’ essential competencies, and it, therefore,
highlights teacher agency and human accountability.

1.3. EU and OECD Al Literacy Framework

The draft Al literacy framework, developed through collaboration between the EU
and OECD, [27], was established on the basis of the European Commission’s Digital
Competence Framework for Citizens [29], UNESCO’s Al competencies for students [30]
and Al competencies for teachers [24], The Digital Promise Al Literacy Framework [31],
and The AI4K12 5 Big Ideas in AI [32] to define Al literacy through “technical knowledge,
durable skills, and future-ready attitudes”. It structures Al literacy into four interaction
domains: engaging, creating, managing, and designing. Each domain has a number of
competencies. Each competence is a learning expectation that reflects technical knowledge,
durable skills, and future-ready attitudes.

Within Engaging with Al, the framework expects learners to recognise where Al is
used, evaluate whether Al outputs should be accepted, revised, or rejected, and consider
how recommendations, bias, and environmental costs may shape decisions. Creating
with Al focuses on co-producing ideas and artefacts with generative systems, using Al
for ideation, prototyping, and feedback while attending to authenticity, attribution, and
clear language that avoids anthropomorphism. Managing Al emphasises human agency
in delegation: learners decide whether to use Al based on the task, and decompose a
problem based on the capabilities and limitations of both Al systems and humans, then
monitor and adjust Al use to stay aligned with goals and values. Designing Al devel-
ops a deeper understanding of how Al works and why it matters, including comparing
rule-based and data-driven systems, considering data quality and representation, and
evaluating Al systems against criteria such as purpose, users, limitations, and potential
impacts. For pre-service teacher education, these four domains provide a practical organiser
for mapping learning outcomes to routine tasks in planning, teaching, assessment, and
professional judgement.

2. Ethical and Socio-Technical Considerations

When introducing Al literacy and Al competency into pre-service teacher education,
ethical considerations address what counts as responsible use of Al for teaching, learning,
and assessment, including fairness, privacy, transparency, accountability, academic in-
tegrity, student wellbeing, and environmental sustainability [5,24,28,33,34]. Socio-technical
considerations emphasise that these risks and benefits do not arise from model behaviour
alone [16,26]. Rather, they emerge through the interaction of data and design choices,
platform governance and terms of use, and the institutional and relational conditions of
schooling, such as assessment regimes, resourcing constraints, and teacher-student power
relations [31,33,35,36].

These considerations cut across both Al literacy and Al competency in teacher prepa-
ration [9,12,37]. At the Al literacy level, pre-service teachers need the knowledge to
understand how and why issues such as bias, hallucination, and data risks can arise, and
how these issues may shape what becomes credible, fair, and appropriate in classroom
practice [9,17,27,31]. At the Al competency level, they need the capacity to apply this
knowledge through context-sensitive professional judgement about task—tool fit, and to
enact practical safeguards in routine professional tasks (for example, lesson planning, as-
sessment design, documentation, and communication with students and parents) [24,28,31].
To clarify these issues for pre-service teacher education, this section organises ethical and
socio-technical considerations into seven interrelated dimensions: (1) bias and reliability;
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(2) privacy and data protection; (3) transparency and disclosure; (4) accountability and
professional judgement; (5) academic integrity and assessment validity; (6) equity, access,
and agency; and (7) environmental sustainability and resource use.

2.1. Bias and Reliability

Al systems can reproduce and amplify bias because outputs reflect patterns in training
data and assumptions embedded in model design, including which language varieties,
cultural references, and perspectives are treated as “normal” [27,33]. In classroom use,
biased outputs can shape examples, explanations, and feedback in ways that advantage
some learners while marginalising others, particularly when Al-generated content is treated
as neutral or authoritative [16,31]. In addition, generative Al systems can produce plausible
but incorrect information, so-called hallucinations, creating risks of inadvertent misin-
formation when verification is weak [27,38]. This implies that pre-service teachers need
the ability to anticipate and detect biased or unreliable outputs, triangulate with trusted
sources, and adapt or counterbalance Al-generated materials to protect fairness, inclusion,
and content accuracy in everyday classroom practice [28,31,33].

2.2. Privacy and Data Protection

Using Al tools in educational settings involves decisions about what information is
entered, where it is stored, and who may access or reuse it, shaped by platform terms of use,
institutional policies, and data protection requirements [24,35,39]. Innocent prompts can
disclose personal data or sensitive contextual information about children, families, teachers
or schools, creating risks that are not always visible at the point of use [29,31,33]. This
implies that pre-service teachers need habits of data minimisation, an ability to interpret
institutional and platform rules, and practical workflows that safeguard privacy while still
supporting legitimate teaching, learning, and assessment needs [29,31,33].

2.3. Transparency and Disclosure

In education, transparency is not only technical but also relational and professional:
students, parents, mentors, and schools may reasonably ask how Al contributed to lesson
planning, classroom explanations, feedback, or assessment decisions [33,39,40]. Without
clear disclosure and accessible explanations, Al use can weaken trust and make it harder
for learners to understand how knowledge claims and decisions are formed [7,16]. This
implies that pre-service teachers need the capacity to communicate Al use clearly, document
what was used and why, and translate relevant risks and limitations into plain language
appropriate for school communities, while recognising the practical challenge of keeping
pace with changing platforms and policies [28,41,42].

2.4. Accountability and Professional Judgement

Al tools can shift responsibility in subtle ways, particularly when time pressure
encourages rapid acceptance of outputs or delegation of judgement about planning for
teaching, learning, and assessment [43,44]. However, accountability in schools remains
human and institutional: teachers remain responsible for educational decisions, their
consequences, and their alignment with curricular and ethical expectations [33,40]. This
implies that pre-service teachers need the capacity to make context-sensitive task-tool
decisions [31], recognise when Al support is inappropriate, and maintain a clear chain of
professional reasoning rather than outsourcing judgement to automated outputs [9].

2.5. Academic Integrity and Assessment Validity

Generative Al challenges conventional signals of authorship and effort, which can
undermine assessment validity if tasks no longer capture authentic evidence of learning
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processes and outcomes [6,45]. At the same time, overly simplistic responses (such as
blanket bans) may be difficult to sustain and can create inequities across learners [6]. This
implies that pre-service teachers need the capability to design and justify assessments that
remain valid in Al-rich environments, including clear expectations for Al use, process
evidence where appropriate, and feedback practices that strengthen learning rather than
reward undetected automation [2,28,40].

2.6. Equity, Access, and Agency

Access to Al is uneven: differences in devices, paid subscriptions, connectivity, and
language proficiency can create new forms of advantage, while local norms about “accept-
able use” can reshape who feels entitled to participate [7,34,46]. Al can also redistribute
agency by lowering barriers to starting tasks, yet it may encourage over-reliance if learners
do not develop strategies for critique, revision, and self-regulation [2,38,47]. This implies
that pre-service teachers need the capacity to plan for equitable access and alternatives,
teach critical and metacognitive use explicitly, and orchestrate human-Al interaction in
ways that strengthen learner agency rather than replacing it [2,7].

2.7. Environmental Sustainability and Resource Use

Al systems rely on energy- and resource-intensive infrastructures, including data
centres, specialised hardware, and repeated large-scale computation, meaning that edu-
cational use can have environmental implications that are largely invisible at the point of
use [16,31,33]. Sustainability concerns are socio-technical because impact is shaped not only
by individual choices but also by platform design defaults, institutional procurement, and
the frequency and scale of use across cohorts [33]. This implies that pre-service teachers
need the capacity to make sustainability-informed task—tool decisions, prioritise lower-
impact alternatives where pedagogically appropriate, and embed responsible norms of use
into everyday practice (for example, avoiding unnecessary high-compute generation for
low-stakes tasks) [1,28].

In summary, these seven considerations describe the ethical and socio-technical condi-
tions that shape responsible Al use in pre-service teacher education. They highlight that Al
literacy and Al competency extend beyond technical proficiency. What matters is whether
pre-service teachers can recognise risks and trade-offs, then apply context-sensitive profes-
sional judgement about task-tool fit when planning for teaching, learning, and assessment.
Across concerns such as bias and reliability, privacy and disclosure, academic integrity,
equity, and environmental sustainability, the emphasis is therefore on safeguarding learners
and maintaining educational values rather than treating Al as a shortcut that replaces
professional and authentic learning. The next section turns to approaches of teaching Al lit-
eracy and competency, outlining how course-based learning, critical inquiry and reflection,
and co-design tasks can help pre-service teachers operationalise these considerations in
routine practice.

3. Approaches to Teaching Al Literacy and Competency

In pre-service teacher education, Al-related preparation has been discussed in the
literature using a range of approaches rather than a single format [7,26]. This diversity is
linked to how Al literacy and Al competency are defined in Section 1, and to the ethical
and socio-technical concerns outlined in Section 2. In broad terms, three approaches are
frequently described: a lecture-based approach [7,25], a critical inquiry and reflection ap-
proach [2,16], and a co-design approach [7]. Across studies and policy-oriented discussions,
these approaches are often presented as complementary because different approaches
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foreground different aspects of knowledge development, professional enactment, and risk
awareness in school contexts.

3.1. Lecture-Based Approach

Lecture-based teaching is often described as an entry point for introducing Al literacy
in teacher education. It typically appears as standalone lessons, short workshops, or as
content integrated into educational technology or digital learning modules [7,14,38]. In this
approach, emphasis is usually placed on establishing a basic conceptual model of Al for
educational reasoning [7,14]. Common topics include how generative Al produces outputs,
why outputs can be biased or incorrect, and what limitations are relevant for classroom
use [39].

Lecture-based teaching is also used to introduce practical awareness related to the con-
cerns in Section 2. For example, programmes may cover why bias and hallucination occur,
what privacy and data protection risks look like in school settings, and how over-reliance
can affect professional judgement [2,38,39]. Environmental sustainability is sometimes
included at an awareness level, such as noting that model choice and frequency of use
may involve different resource costs [30,33]. In the literature, lecture-based formats are
often discussed as providing a shared foundation, while later learning activities are used to
support contextual application [2,7].

3.2. Critical Inquiry and Reflection Approach

Critical inquiry and reflection approaches are commonly described in teacher educa-
tion discussions as a response to the ethical and socio-technical complexity of Al use in
schools [2,16]. Compared with lectures that present organised content, inquiry-oriented
activities typically involve guided examination of Al outputs, classroom scenarios, and
decision-making under institutional constraints [7]. This approach can help pre-service
teachers examine, compare, and adapt Al-generated outputs [6,48,49], thereby enabling the
development of critical evaluation, reasoning, and context-sensitive decision-making.

In practice, this approach often includes structured evaluation routines, such as com-
paring Al outputs across prompts, checking outputs against reliable sources, and iden-
tifying potential bias or omissions [27,39,42]. For example, pre-service teachers may be
asked to compare two Al-generated explanations of the same topic, identify potential
bias or factual weaknesses, and justify which version they would adapt for pupils in a
specific classroom context. These tasks are frequently linked to concerns such as bias and
hallucination, academic integrity, and assessment validity. Reflection activities are also
used to examine transparency and disclosure, for example, by asking how teachers might
explain Al involvement in planning or feedback to students, mentors, or parents [38,39].
Scenario-based discussion is often used for privacy and data protection, especially in
relation to what counts as sensitive information and how school guidance may shape
acceptable use [27,30,33]. Within this approach, teacher responsibility and accountability
are usually framed as continuing to rest with the teacher, even when Al tools are used.

3.3. Co-Design Approach

Co-design approaches are often described as a way to connect Al-related understand-
ing, skills, and attitudes to professional tasks such as lesson planning, resource devel-
opment, and assessment design in social learning settings [7,16,50-54]. In these settings,
pre-service teachers typically work with peers and sometimes mentor teachers or teacher
educators to design, trial, and revise Al-informed teaching, learning, and assessment ma-
terials [2,7,53,54]. In this sense, co-design can be understood as a form of professional
learning in which pre-service teachers develop, test, and refine Al-related teaching practices
through collaborative and iterative processes [7,53-58]. Co-design may operate at different
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levels of practice [7]. It can involve the design of a specific classroom task [54], the planning
of a full lesson [55], or the development of a sequence of lessons (e.g., a progressional
scheme) [55,59]. While much of the literature focuses on instructional materials and lesson
planning, co-design may also extend to assessment-related design [7], particularly as recent
work highlights assessment as a core dimension of Al competency and notes its relative
absence in co-design processes. This may include decisions about how Al is incorporated
into student tasks, how learning evidence is generated, and how assessment expectations
are communicated across task, lesson, and sequence levels [2].

A recurring feature of co-design is that it makes pedagogical decision-making ex-
plicit [2,7,50]. For example, pre-service teacher groups may specify where Al is used (or not
used), what role Al plays in a lesson-planning activity, and what role learners play (such as
critique, revision, or evidence checking) [28]. In the literature, co-design tasks are frequently
linked to concerns in Section 3 because design work can surface issues of task—tool fit,
bias checking, privacy-safe workflows, and disclosure practices [16,28]. Co-design is also
discussed in relation to equity, access, and agency, particularly when lesson plans require
differentiated learning and assessment activities for learners with different needs, resources,
or language backgrounds [7,28]. In some cases, programmes also include discussion of
sustainability as part of routine decision-making about whether Al use is necessary for a
given task and to what extent Al is engaged [2,27,33].

4. Conclusions

This study has described Al literacy and Al competency in pre-service teacher edu-
cation as two related levels of capability for working with Al in educational settings. Al
literacy refers to the shared knowledge base that helps pre-service teachers understand
how Al systems generate outputs, evaluate and verify Al-supported information, and
consider task-tool fit in relation to fairness, privacy, transparency, accountability, academic
integrity, equity, and environmental sustainability. Al competency refers to how this liter-
acy is applied in routine professional tasks, such as lesson planning, assessment design,
documentation, and the revision of Al-supported materials in ways that are defensible and
educationally appropriate.

A consistent message across the frameworks and considerations reviewed is that
responsible engagement with Al cannot be reduced to tool operation. Instead, pre-service
teachers need clear reasoning routines for professional judgement, including when to use
Al, when not to use it, how to verify outputs, and how to manage trade-offs. The ethical
and socio-technical dimensions outlined in this entry, including bias and reliability, privacy
and data protection, transparency and disclosure, accountability, academic integrity, equity
and agency, and environmental sustainability, function as common criteria for both what
pre-service teachers should understand and what they should be able to do in practice.

In programme design terms, Al-related preparation is often discussed as an integrated
set of learning experiences rather than a single format. Lecture-based teaching can establish
shared concepts and language. Critical inquiry and reflection can strengthen evaluation,
disclosure, and accountability in context. Co-design can connect knowledge to planning
and assessment work, where task—tool fit becomes visible through collective decisions.
When these approaches are sequenced across coursework and placements with assessable
evidence such as lesson plan artefacts, short rationales, and placement-linked reflection,
pre-service teacher education programmes can make progression in Al literacy and Al
competency more explicit while keeping attention on learner wellbeing and educational
objectives, goals, and values.
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