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This study examines the distribution and subject-based positioning of
learning outcomes related to digital competencies, Artificial
Intelligence (Al) literacy, and instructional technologies within the
National Curriculum in Tarkiye (NCT). Using qualitative document
analysis of curricula published by the Ministry of National Education,
learning outcomes were identified through a systematic keyword-
based screening process employing concepts such as digital,
technology, Al, data, literacy, online, and citizenship. The findings
indicate that learning outcomes across subject areas and grade levels
place particular emphasis on digital citizenship, ethics, online safety,
and data literacy. Science and mathematics curricula predominantly
highlight data use and digital tools, while social sciences foreground
ethical considerations and digital rights. Language and literature
curricula emphasise digital communication and Al-supported learning,
whereas history and philosophy curricula address digitalisation in
historical and social contexts. At the level of learning outcomes, the
curricula show substantial alignment with UNESCO frameworks and the
EU DigComp 2.2 framework, particularly in relation to ethics and data
literacy. However, Al-related learning outcomes do not yet reflect a
clearly articulated progressive structure across grade levels. As this
analysis is limited to intended learning outcomes, further research is
needed to examine how Al pedagogy, teacher competencies, and
assessment practices are addressed beyond the curriculum texts.
Overall, the findings suggest that while the learning outcomes provide
a strong ethical and citizenship-oriented orientation for digital
education, greater coherence in Al literacy and instructional
technology-related outcomes may further support a comprehensive
digital competency framework.
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Introduction

The quality of education is directly related to the quality, content, and applicability of the
curriculum -the cornerstone of the educational process. The aim of this study is to examine
how the learning outcomes in the NCT align with international digital competency and Al
literacy frameworks. The study does not evaluate the NCT as a whole; it focuses exclusively on
the learning-outcome dimension. Curricula provide a systematic structure designed to equip
students with the necessary knowledge and skills while allowing the determination and
monitoring of educational goals. Ulker and Kocakiilah (2023), in their analysis of the curriculum
implemented in Science and Art Centres (BILSEMs) for gifted students in Tlrkiye, emphasize
that these programs aim to foster individual talents in accordance with the revised Bloom’s
Taxonomy. In this context, curricula not only serve as a means of knowledge transmission but
also promote learner-centred instruction. For a curriculum to be effective, planning, content
development, implementation, and evaluation processes must be carefully considered. Bas and
Ercan (2023), through their descriptive analysis of the curricula used in Turkish Village Institutes,
demonstrate how objectives, scope, and assessment practices were structured within
instructional activities. Clearly defining objectives and scope in education enhances the
effectiveness of curricula and determines the overall quality of the educational process.
Similarly, Yigit and Parlar (2025) emphasize that the decisions taken during the 20th National
Education Council necessitate continuous reform and updating to improve the quality of
education.

Digital competencies and curriculum development constitute a reciprocal process: while
emerging digital technologies and generative Al require curricula to be redesigned, curriculum
frameworks also shape how these technologies are pedagogically adopted; accordingly,
international policy documents emphasize managing risks such as data privacy, reliability, and
ethical use through regulatory safeguards, governance mechanisms, and human-centred
design principles (Miao & Holmes, 2023; OECD, 2023a). UNESCO's Guidance for Generative Al
in Education and Research recommends that countries design short-term actions and long-
term policy frameworks simultaneously, grounded in a human-centred and ethically guided
approach (Miao & Holmes, 2023). This guide draws attention to “guardrails” related to risk
areas such as data privacy and reliability and provides a holistic framework extending to
instructional design and assessment practices (Miao & Holmes, 2023). In this study, digital
competence is not treated as a separate analytical theme; rather, it is conceptualized as an
operational dimension of digital competencies, reflecting how competencies are manifested at
the level of learning outcomes.

The OECD Digital Education Outlook 2023 differentiates between “digital transition” (the
mere widespread use of digital tools) and “digital competencies” (the redesign of instructional
design, assessment, and governance), underscoring the importance of systemic-level
governance and data infrastructure for an effective ecosystem (OECD, 2023b). On the labour
market side, the World Economic Forum'’s Future of Jobs Report 2023 highlights the growing
importance of artificial intelligence, data literacy, and analytical thinking, demonstrating the
need for education to strengthen basic, advanced, and domain-specific digital competencies
(World Economic Forum, 2023).

Twenty-first-century skills, digital competencies, and Education 4.0 frame the core analytical
perspective of this study. Twenty-first-century competencies such as digital literacy,
information literacy, collaboration, communication, critical thinking, and creativity are
positioned within both national and international frameworks, such as the 2023 Education
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Vision of the Ministry of National Education (MoNE), NCT and international frameworks such
as OECD, UNESCO, European Union. The analytical framework of this study is designed to
interpret curriculum learning outcomes through three dimensions: digital competencies, Al
literacy, and instructional technologies. The skills dimension of this study includes digital and
information literacy, collaboration and communication, critical thinking and problem-solving,
and creativity and production. The European Commission’s DigComp 2.2 framework defines
these domains across five areas-information and data literacy, communication and
collaboration, digital content creation, safety, and problem-solving-illustrated through more
than 250 examples of knowledge, skills, and attitudes (Vuorikari, Kluzer, & Punie, 2022). These
competencies are reflected in curriculum outcomes through indicators such as data-driven
reasoning, safe and ethical use of technology, collaboration, and multimodal content creation.

Digital competencies in education are conceptualized within the Education 4.0 framework.
This approach envisions a learning paradigm in which digitalization and automation reshape
both educational content and learning experiences. The World Economic Forum'’s Schools of
the Future report identifies eight critical shifts in educational content and experience (World
Economic Forum, 2020). Similarly, the OECD (2023b) regards data governance, interoperability,
and trust as key enablers of an effective digital education ecosystem. UNESCO'’s 2023 guide
presents policy and practical principles for the human-centred, ethical, and inclusive use of
generative Al in education (Miao & Holmes, 2023).

The 2023 Education Vision (MoNE, 2018) projected a phased implementation plan focusing
on digital competencies through reforms in assessment, teacher professional development,
and the strengthening of school ecosystems. The NCT, published in 2024, presents a holistic
model grounded in a framework of competencies and values, aligning program learning
outcomes with this structure (MoNE, 2024).

The international context of the study is informed by OECD, UNESCO, and the European
Union frameworks. The OECD (2023) emphasizes alignment between governance, data, and
infrastructure components within digital education ecosystems. UNESCO’s Al Competency
Framework for Students (2024a) defines 12 competencies across four dimensions: human-
centred perspective, Al ethics, Al techniques and applications, and Al system design while the
Al Competency Framework for Teachers (2024b) describes 15 competencies across five
dimensions: human-centred perspective, Al ethics, Al foundations and applications, Al
pedagogy, and Al for professional learning. The two recommendations published in the Official
Journal of the European Union in 2024 call for the development of digital skills at all levels of
education and emphasize strengthening enablers of successful digital education, such as
infrastructure, connectivity, and institutional capacity (Council of the European Union, 2024a,
2024b).

Global policy frameworks position the integration of digital and Al competencies into
curricula from early education as a strategic priority. The first council recommendation (2024a)
advocates for a comprehensive and progressive national approach to improving the provision
of digital skills in education and training. The second recommendation (2024b) complements
this by focusing on key enablers-governance, teacher education, data, and monitoring- for
successful digital competencies. This policy—practice bridge is equally critical for the
implementation of NCT, making it essential to examine the alignment between NCT learning
outcomes and global frameworks such as DigComp 2.2 and UNESCO Al Competency
Frameworks in relation to 21st-century competencies like critical thinking, problem-solving,
data literacy, and digital citizenship (OECD, 2023b; Miao & Cukurova, 2024; Miao, Shiohira, &
Lao, 2024; Vuorikari et al., 2022).
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The analytical framework of the study is structured around three main themes: (1) Digital
Competencies, (2) Artificial Intelligence (Al) Literacy, and (3) Instructional Technologies. In this
study, digital competencies are treated as a broader contextual concept, while digital
competencies constitute the first analytical theme and are examined directly at the level of
curriculum learning outcomes. These three analytical dimensions are not explicitly stated as
formal themes in the NCT. Rather, they were inductively derived through a systematic review
of all curriculum texts published by MoNE in 2024. Across multiple subjects, recurring patterns
related to digital learning, technology integration, Al-related concepts, data use, and digital
content development were identified. These recurring elements formed the conceptual basis
for defining the analytical dimensions used in this study. Although NCT does not label these
areas as named themes, the curriculum consistently incorporates learning outcomes that align
with digital competencies, Al literacy, and instructional technologies; therefore, these
dimensions represent analytically constructed categories that synthesize the digital elements
embedded across the NCT. The Common Text of NCT, which forms the conceptual foundation
for curriculum design, assessment, and learning environments, centres on the profile of a
“competent and virtuous individual” (MoNE, 2024).

The study systematically maps where, how, and to what extent digital competencies are
positioned within NCT, evaluating them in relation to the EU’'s DigComp 2.2 (5 areas / 21
competencies) and UNESCO's Al Competency Frameworks for students (12 competencies / 4
dimensions) and teachers (15 competencies / 5 dimensions) (Miao & Cukurova, 2024; Miao,
Shiohira, & Lao, 2024; Vuorikari et al., 2022).

The study is guided by the following main research question:

How are learning outcomes related to 21st-century skills structured across the NCT in terms
of digital competencies, Artificial Intelligence (Al) literacy, and instructional technologies?

To elaborate on this main question, the following sub-questions are addressed:

1. Which learning outcomes in the NCT emphasize digital competencies, Artificial
Intelligence (Al) literacy, and instructional technologies?

2. How are these learning outcomes aligned with 21st-century skills and international
frameworks such as DigComp 2.2 and the UNESCO Al Competency Frameworks?

3. How do learning outcomes related to digital competencies, Al literacy, and
instructional technologies vary across subject-area curricula (science, social sciences,
language, and arts)?

4. To what extent are digital competencies explicitly addressed across the NCT, and
how do they vary by subject area and educational level?

Digital competencies are therefore examined within the scope of digital competencies and
are not formulated as a separate research dimension.

Method

Research Design

This study was conducted using the document analysis. Document analysis is a research
method that generates answers to research questions through the systematic examination of
written materials (Bowen, 2009). In this study, content analysis was specifically employed to
descriptively classify the learning outcomes related to digital competencies, artificial
intelligence, and instructional technologies in the NCT.
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Data Sources

The data for this study were obtained through a systematic review of national curriculum
documents published by the Ministry of National Education in 2024. The analysis focused
exclusively on the student learning outcomes articulated in these curricula. All documents were
accessed via the Ministry's official digital education portal. The dataset comprised 33 subject-
area curricula spanning preschool, primary, lower secondary, and upper secondary education.
These curricula represented a wide range of disciplines, including science, mathematics, social
sciences, languages, arts, philosophy, and physical education. The breadth of subject areas
enabled a comprehensive examination of how digital competencies, Al literacy, and
instructional technologies are embedded across different curricular contexts.

Data Collection

A structured data collection form was used to systematically document learning outcomes
related to digital competencies, Artificial Intelligence (Al) literacy, and instructional
technologies across the analysed curriculum documents. The form was designed to capture
both the content of learning outcomes and their contextual information, including subject area,
educational level, and page references. The data collection process was guided by predefined
analytical categories derived from international digital competency frameworks, specifically
DigComp 2.2 and the UNESCO Al Competency Frameworks. These categories ensured a
systematic and consistent identification and recording of relevant learning outcomes across all
curriculum documents. Table 1 presents the complete list of analytical categories and
subcategories used in the qualitative content analysis. All learning outcomes were recorded
and subsequently coded according to this framework.

Table 1
Analytical Categories Used in the Content Analysis

Main Theme Category Subcategory

Data access
Digital Competencies Information and Data Literacy Data evaluation
Data management
Online interaction
Collaborative practices
Content production
Content editing
Privacy
Safety Security
Responsible use
Technical troubleshooting
Adaptive use of digital tools
Basic concepts of Al
Understanding Al systems
Use of Al-based tools
Practical applications

Communication and Collaboration

Digital Content Creation

Problem Solving

Al Literacy
Al Foundations

Al Applications

Al Ethics Fairness
Bias
Accountability
Computational Thinking Algorithmic reasoning

Logical structuring
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Table 1 (Continued)

Main Theme Category Subcategory

Digital platforms
Learning management
Instructional design
Technology integration
Digital assessment methods
Analytics-based feedback
Infrastructure
Technology-supported

EdTech Tools

Instructional Teaching Strategies

Technologies

Assessment

Learning Environment

Table 1 illustrates the hierarchical structure of the analytical framework used in this study.
The categories and subcategories provided the basis for organising the collected data and
enabled a systematic comparison of learning outcomes across subject areas and educational
levels.

Data Analysis

The data analysis was conducted using a theory-driven content analysis approach grounded
in international digital education frameworks, specifically DigComp 2.2 and the UNESCO Al
Competency Frameworks. The analysis followed a hierarchical structure consisting of themes,
categories, and codes. A three-stage coding procedure was employed. In the first stage,
curriculum learning outcomes were screened using predefined digital-technology-related
keywords (e.g., digital, technology, artificial intelligence, data, online, ethics, safety) to identify
content relevant to the three analytical themes: digital competencies, Al literacy, and
instructional technologies. In the second stage, identified learning outcomes were assigned to
one of these themes. In the final stage, learning outcomes were coded at the category level
based on conceptual indicators derived from the referenced frameworks. To ensure analytical
consistency and transparency, the coding framework employed in this study is presented in
Table 2. This framework includes the main themes, categories, subcategories, operational
descriptions, and representative indicators used in the analysis.

Table 2

Analytical Categories and Coding Framework

Example Indicator

Main Theme Categor Subcategor Operational Description .
gory gory P P (from curricula)
i . Data access, Ability to access, Use of datasets,
Digital Information and ) . .
. . evaluation, evaluate, and manage data interpretation
Competencies Data Literacy L
storage data in digital contexts tasks
- o Online . N .
Digital Communication . . Effective communication Online
. . Interaction, R . . .
Competencies and Collaboration sharing in digital environments collaboration tools
Digital Digital Content Production, Creating and editing Multimedia
Competencies Creation modification digital content production tasks
Digital . . Safe and responsible Cyber safety,

J . Safety Privacy, security P . y Y
Competencies technology use privacy awareness
Digital . Technical Using digital tools to Algorithmic

al Problem Solving cal. 'ng cig! gomtml
Competencies problem-solving solve problems problem solving
. . . Understanding how Al Al concepts in
Al Literacy Al Foundations Basic concepts g p
works math/science
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Table 2 (Continued)

Bayra

Example Indicator

Main Th Cat Subcat Operational Descripti .
ain Theme ategory ubcategory perational Description (from curricula)
. N . Use of Al-supported Al-assisted
Al Literacy Al Applications Practical use PP .
tools learning
. . . . Ethical in Al Ethical di i
Al Literacy Al Ethics Fairness, bias cal awareness in Ical discussions
use on Al
. Computational . . . . .
Al Literacy . Algorithms Logical structuring Coding, algorithms
Thinking
: - . Learnin
Instructional Use of digital tools in 9
. EdTech Tools Platforms . . management
Technologies instruction
systems
Instructional . . Ped ical . . . Digital |
nsructiona Teaching Strategies edagogica Instructional integration 'gia’ fesson
Technologies design design
Instructional Digital Online tests,
ruction Assessment 'gite Tech-based assessment ne te
Technologies evaluation portfolios
Instructional Learnin Technology-supported .
ruct! ming Infrastructure gy-suppor Digital classrooms

Technologies Environment

settings

Table 2 presents the full coding framework used in the analysis. All learning outcomes were
coded according to these themes and their corresponding categories and subcategories,
ensuring analytical consistency and transparency. All coding procedures were carried out
manually using structured coding sheets. The analysis was conducted by a single researcher
and involved iterative coding cycles to enhance internal consistency. Coding decisions were
continuously checked against the definitions provided in the codebook and the referenced
international frameworks. Although inter-rater reliability was not established, this limitation is
acknowledged in the Discussion section. To support comparative analysis, category-level
frequency distributions were calculated across subject areas and educational levels. The
analysis focused exclusively on student learning outcomes and did not include other curriculum
components such as implementation processes, instructional materials, assessment practices,
or teacher competencies.

Findings

The findings are presented in accordance with the hierarchical analytical structure of the
study. Each learning outcome was assigned to one of the three themes (Digital Competencies,
Al Literacy, and Instructional Technologies) and subsequently coded within the relevant
analytical categories. The tables in this section report results at the category level and should
not be interpreted as theme-level or code-level distributions. Detailed definitions of all themes,
categories, and codes are provided in Supplementary Material (Codebook S1). To enhance
clarity, the analytical categories associated with each theme are summarised in Table 3 prior to
the presentation of the detailed findings.
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Table 3
Analytical Categories Used Under Each Theme

Theme Analytical Categories

« Digital Literacy

« Data Literacy

» Digital Communication

- Digital Safety and Ethics

« Digital Content Creation

« Digital Collaboration

« Simulation and Modelling

+ Al Concepts and Foundations

« Al Applications in Learning

» Algorithmic Thinking

« Al Ethics and Responsible Use

+ Automation and Robotics

« Educational Technology Tools

« Digital Assessment and Feedback

« Learning Management and Digital Platforms
 Multimedia and Content Design

« Augmented and Virtual Reality

» Technology-Enhanced Learning Environments

Theme 1: Digital Competencies

Theme 2: Al Literacy

Theme 3: Instructional Technologies

The categorization presented above constitutes the analytical framework used to interpret
the NCT learning outcomes. In the following sections, the distribution of these categories across
grade levels and subject areas is reported. The results should therefore be read with the
understanding that each finding reflects category-level interpretations situated within the
broader thematic structure described in Table 3.

This section presents the findings derived from the analysis of student learning outcomes
in the national curricula published by the MoNE in 2024, focusing on three analytical
dimensions: digital competencies, Artificial Intelligence (Al) literacy, and instructional
technologies. The findings are reported at the category level and reflect how learning
outcomes across subject areas align with international digital competency frameworks.

To support comparative interpretation, Table 4 summarises the distribution of the three
analytical dimensions across curricula and their correspondence with established international
reference frameworks, including DigComp 2.2 and the UNESCO Al Competency Frameworks.

Table 4
Compatrison of Study Dimensions with International Frameworks
. . DigComp 2.2 UNESCO Al .
D P E
tmenston Framework (Student/Teacher) olicy / Ecosystem

Digital/Data Literacy

Collaboration and
Communication

Security and Ethics

Creativity/Production

Information and
data literacy;
Problem solving
Communication
and collaboration

Safety

Digital content
creation

Al techniques and
applications; Fundamentals
of Al
Human-centred perspective
(subject and ethics)

Al ethics; human rights and
responsibility

Al system design; Al
pedagogy

OECD data governance; EU
recommendation on digital
skills
OECD interoperability; EU
ecosystem enablers
UNESCO GenAl guidance;
EU safe and inclusive
digital education
WEF Education 4.0
content/experience shifts
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Based on the data presented in Table 4, the distribution of digital competencies, Al literacy,
and instructional technology dimensions was examined in relation to major international
reference frameworks, including DigComp 2.2, the UNESCO Al Competency Frameworks, OECD
policy reports, EU recommendations, and the World Economic Forum'’s Education 4.0
framework. At the category level, strong alignment is observed in areas related to digital and
data literacy, particularly in learning outcomes emphasising data collection, analysis, and
verification. These findings correspond closely with the OECD’s focus on data governance and
the EU’s emphasis on foundational digital skills. Competencies related to communication and
collaboration in digital environments are also evident across curricula, reflecting UNESCO's
human-centred perspective on digital transformation and the OECD's emphasis on
interoperability within digital education ecosystems. Learning outcomes addressing digital
safety and ethical use demonstrate a high degree of correspondence with international
principles on safe, inclusive, and responsible digital education, as articulated by UNESCO and
the European Union. In contrast, dimensions related to creativity, Al-supported production,
and Al pedagogy appear less consistently represented. When evaluated against UNESCO's
emphasis on Al pedagogy and system design and the World Economic Forum'’s focus on
learning experience transformation, these areas indicate potential for further development.

Overall, the findings suggest that curriculum learning outcomes show strong alignment with
international standards in digital safety, ethics, and data literacy, while Al pedagogy and
advanced Al-supported learning practices remain areas for continued enhancement.

The first set of findings addresses Theme 1: Digital Competencies, which encompasses
learning outcomes related to digital and data literacy, communication and collaboration, digital
safety and ethics, and digital content creation. The following tables present the category-level
distribution of these learning outcomes across subject areas and educational levels, illustrating
how digital competencies are embedded within curriculum learning outcomes.

Table 5 presents the distribution of learning outcomes related to digital competencies at
the primary education level.
Table 5

Category-Level Distribution of Digital Competencies, Al Literacy, and Instructional Technologies Across
Preschool and Grades 1-4 Curricula

Number of
Course Title Level Learning Categories
Outcomes
Preschool Preschool 6 Digital Competence, Instructional Technology
Life Studies Grades 1-3 8 Digital Competence, Digital Citizenship
Turkish Grades 1-4 9 Digital ;ompetence, Digital Literacy,
Instructional Technology
Mathematics Grades 1-4 10 Digital Competence, Data Literacy, Simulation
Music Grades 1-4 4 Digital Competence, Digital Content
. Preparatory- - .
Visual Arts Grade 4 5 Digital Competence, Instructional Technology
Physical Education Grades 1-4 12 Digital Competence, Instructional Technology
and Play
Preschool - .
reschoo Preschool 6 Digital Competence, Instructional Technology
(Repetition)
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Based on the data presented in Table 5, learning outcomes related to digital competencies
are observed across all courses, although their emphasis varies by subject area. Physical
Education and Play includes the highest number of relevant learning outcomes, highlighting
the integration of digital tools into movement-, play-, and interaction-based learning
processes. Mathematics learning outcomes emphasise data literacy and simulation, reflecting
the analytical dimension of digital competencies, while Turkish and Life Studies focus on digital
literacy, citizenship, and ethical use, supporting safe and responsible engagement in digital
environments.

At the category level, digital competencies function as a common axis across courses,
indicating their broad integration within curriculum learning outcomes. Instructional
technologies are particularly prominent in preschool, physical education, arts, and language-
related courses, suggesting a focus on technology-enhanced learning environments. In
contrast, categories such as digital citizenship and data literacy appear in a more limited
number of subject areas, indicating that these dimensions are not yet uniformly embedded
across disciplines. Table 5 presents the category-level distribution of learning outcomes related
to digital competencies, Al literacy, and instructional technologies across preschool and Grades
1-4 curricula. To illustrate how these categories are reflected in curriculum documents,
representative learning outcomes are provided below.

Example 1 — Preschool Curriculum
"Resimli 6yki kitaby, dijital araclar, afts, brostir gibi gorsel materyalleri secebilme.”

(Author’s translation: “Being able to select visual materials such as picture storybooks, digital
tools, posters, and brochures.”)

Example 2 — Preschool Curriculum
“Teknolojik araclar: yetiskin rehberliginde, amactna uygun ve gtivenli bicimde kullanur.”

(Author's translation: “Uses technological tools in a purposeful and safe manner under adult
guidance.”)

Example 3 — Grades 1-4 (Life Studies Curriculum)
“Teknolojik araglart giivenli ve amacwna uygun kullanur.”
(Author’s translation: "Uses technological tools safely and appropriately.”)

The second set of findings addresses Theme 2: Al Literacy, which encompasses learning
outcomes related to foundational Al concepts, algorithmic thinking, automation, robotics, and
ethical considerations. The following tables present the category-level distribution of Al
literacy-related learning outcomes across subject areas and grade levels, with selected
examples presented in Table 6.
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Table 6

Category-Level Distribution of Digital Competencies, Al Literacy, and Instructional Technologies Across
Grades 2-8 Curricula

Number of
Course Title Level Learning Categories
Outcomes
Traffic Safety Grade 4 7 Digital ;ompetence, Artificial Intelligence,
Instructional Technology
Turkish Grades 5-8 12 Digital ;ompetence, Digital Literacy,
Instructional Technology
Mathematics Grades 5-8 15 D|g|t§I Compet.en.ce, Artificial Intelligence,
Algorithmic Thinking
Science Grades 5-8 12 Digital Competence, Data Literacy, Simulation
Social Studies Grades 4-7 12 Digital Competence, Digital Citizenship, Digital
Research
English Grades 2-8 14 Digital Compejcence, Artificial Intelligence,
Blended Learning
German Grades 5-8 9 Digital Competence, Digital Research, Ethics

Based on the data presented in Table 6, learning outcomes related to digital competencies
at the lower secondary education level demonstrate a more systematic and interdisciplinary
integration compared to earlier stages. Advanced digital concepts, including Artificial
Intelligence (Al), algorithmic thinking, data literacy, and blended learning, are more frequently
represented across subject areas.

At the category level, mathematics exhibits the highest concentration of learning outcomes
related to digital competencies, particularly in relation to Al, algorithmic thinking, and
problem-solving. Language curricula, including English and German, illustrate technology
integration through Al-supported learning, blended learning practices, and digital
communication, highlighting the role of digital competencies in language education. Science,
Social Studies, and Turkish curricula address both cognitive and value-oriented dimensions
through categories such as data literacy, digital research, and ethical technology use.

Digital competencies function as a central category across all courses, while Al-related
categories are more explicitly represented in mathematics, science, and foreign language
curricula. Categories associated with algorithmic thinking and data literacy are particularly
prominent in mathematics and science, supporting the development of computational
thinking. In addition, categories such as digital research, ethics, and blended learning
contribute to students’ awareness of responsible and reflective engagement with digital
technologies.

The table reports findings at the category level. To illustrate how these categories are
reflected in the NCT, the following learning outcomes are provided as representative examples
from Grades 2-8:

Example 1 — Grades 2—4 (Life Studies Curriculum)

“Teknolojik araglart glivenli ve amacwna uygun kullanur.”

(Author's translation: “Uses technological tools safely and appropriately.”)
Example 2 — Grades 5-8 (Information Technologies and Software Curriculum)

"Dijital ortamlardan elde edilen bilgilerin dogrulugunu ve giivenilirligini degerlendirir.”
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(Author's translation: “Evaluates the accuracy and reliability of information obtained from
digital environments.")

Example 3 — Grades 5-8 (Science Curriculum)
"Deney ve gbzlemlerden elde edilen verileri dijital araclarla kaydeder."

(Author's translation: “"Records data obtained from experiments and observations using digital
tools.")

The third set of findings addresses Theme 3: Instructional Technologies, which includes
categories related to technology-enhanced learning environments, digital assessment, digital
platforms, multimedia design, and VR/AR-supported learning. The following tables present the
category-level distribution of instructional technology-related learning outcomes across
subject areas.

Table 7 summarises the distribution of these categories at the lower and upper secondary
education levels. Based on the data presented in Table 7, learning outcomes related to
instructional technologies at the upper secondary education level reflect an increasingly
interdisciplinary and practice-oriented integration. Advanced concepts such as Artificial
Intelligence (Al), programming, digital culture, ethics, and technology-enhanced learning
environments are more consistently represented across subject areas.

At the category level, information technologies and mathematics curricula demonstrate a
strong emphasis on computational thinking, data analysis, modelling, and simulation,
highlighting the productive and analytical dimensions of instructional technologies. Other
subject areas, including religious culture, physical education, music, history, and language and
literature, incorporate instructional technologies through categories such as digital ethics,
digital content creation, digital research, and technology-supported performance and
observation.

Table 7

Category-Level Distribution of Digital Competency, Al Literacy, and Instructional Technology Indicators
Across Grades 1-12 Courses

Number of
Course Title Level Learning Categories
Outcomes
Religious Culture Digital Competence, Instructional
and Moral Grades 4-8 8 Te?:hnolo P '
Knowledge %
Music (TEGM) Grades 1-8 8 Digital Competence, Digital Culture, Sound
Technology
Information - e .
Technologies and Grades 5-6 10 E;gt:r(;cr)nTnpetence, Artificial Intelligence,
Software 9 9
Physical Education Grades 5-8 8 Digi'FaI Compe'Fence, Artificial Intelligence,
and Sports Motion Analysis
Revolution History - -
. Digital C t , Digital Content,
(History of the Grade 8 6 D:g;t:I Rz:;grecsnce 'gitatL-onten
Turkish Republic) 9
Turkish Language Digital Competence, Digital Literacy,
and Literature Grades 9-12 8 Digital Ethics
Mathematics Grades 9-12 10 Digital Competence, Instructional
Technology
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Overall, the findings indicate that instructional technologies at the upper secondary level
are embedded not only as technical tools but also as pedagogical resources supporting
analytical, cultural, and ethical dimensions of learning.

The table reports findings at the category level. To illustrate how these indicators are
reflected across different grade levels and subject areas, the following learning outcomes from
the NCT are provided as representative examples.

Example 1 — Grades 1-4 (Life Studies Curriculum)

“Teknolojik araglart giivenli ve amacwina uygun kullanur.”

(Author's translation: “Uses technological tools safely and appropriately.”)
Example 2 — Grades 5-8 (Information Technologies and Software Curriculum)
"Bir problemin ¢6ztimii icin algoritma olusturur.”

(Author's translation: “Creates an algorithm to solve a problem.”)

Example 3 — Grades 9-12 (Information Technologies and Software Curriculum)
"Yapay zekd kavramint ve temel calisma mantigint agiklar.”

(Author's translation: "Explains the concept of artificial intelligence and its basic working
principles.”)

At the category level, digital competencies emerge as a common component across all
courses, while Al-related categories are primarily reflected in information technology and
physical education through technology-supported practices. Categories such as digital culture,
ethics, and research are associated with higher-order thinking and value-oriented learning,
whereas instructional technologies appear across diverse disciplines, indicating the widespread
use of digital tools to support learning environments.

Table 8 presents the distribution of learning outcomes across courses at the upper
secondary education level.

Table 8

Category-Level Distribution of Digital Competencies, Al Literacy, and Instructional Technologies Across
Grades 9-12 Curricula

Number of
Course Title Level Learning Categories
Outcomes
Physics Grades 9-12 8 D|g|t§I Competence, Simulation, Artificial
Intelligence
Chemistry Grades 9-12 8 ng|tal ;ompetence, Artificial Intelligence,
Simulation
Biology Grades 9-12 9 Digital Competence, Artificial Intelligence,
Instructional Technology
Digital I ional
Geography Grades 9-12 5 igital Competence, Instructiona
Technology
. Digital N ional
Philosophy Grades 9-12 6 igital Competence, Instructiona
Technology
. Digital , Artificial Intelli :
History Grades 9-12 9 !g!ta Competence, Artificial Intelligence
Digital Content
Rev.olutlon Grade 12 6 Digital Competence, Digital Ethics, Digital
History Content
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Based on the data presented in Table 8, learning outcomes related to digital competencies
at the upper secondary education level show increased depth across both cognitive and
practical dimensions. In science-related curricula, categories associated with artificial
intelligence and simulation are more prominently represented, whereas social science curricula
emphasise digital ethics and digital content creation.

At the category level, biology and history curricula demonstrate a relatively high
concentration of digital learning outcomes, reflecting the integration of instructional
technologies into experimental learning and digital content production. Physics and chemistry
curricula highlight simulation and Al-supported modelling, indicating the use of technology to
support the understanding of abstract concepts. In geography and philosophy, digital
competencies are reflected through categories related to digital mapping, information
visualisation, and digital reasoning. Overall, these findings suggest that digital competencies
and instructional technologies at the upper secondary level are embedded across disciplines
in diverse pedagogical forms.

The table reports findings at the category level. To illustrate how these categories are
reflected in upper secondary education curricula, the following learning outcomes from the
NCT are provided as representative examples.

Example 1 — Grades 9-12 (Information Technologies and Software Curriculum)
"Yapay zekd kavramint ve temel calisma mantigint agiklar.”

(Author's translation: “Explains the concept of artificial intelligence and its basic working
principles.”)

Example 2 — Grades 9-12 (Physics Curriculum)

“Fiziksel olaylar: dijital simiilasyonlarla modeller.”

(Author’s translation: “Models physical phenomena using digital simulations.”)
Example 3 — Grades 9-12 (Philosophy Curriculum)

“Dijital teknolojilerin etik sonuglarint tartisur.”

(Author’'s translation: "Discusses the ethical implications of digital technologies.”)

At the category level, digital competencies emerge as a common axis across courses at the
upper secondary education level, reflecting their interdisciplinary integration. Al-related
categories are most prominently represented in science subjects, where Al supports data
analysis, modelling, and simulation-based learning. In social science subjects, categories
related to digital content and digital ethics are more visible, highlighting responsible and
accurate engagement in digital content creation. Instructional technologies are integrated
across disciplines in varied ways, indicating increasingly interactive and technology-enhanced
learning environments.

Table 9 presents the distribution of learning outcomes across courses at the upper
secondary education level.
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Table 9

Category-Level Distribution of Digital Competencies, Al Literacy, and Instructional Technologies Across
Upper Secondary Education Curricula

Number of
Course Title Level Learning Categories
Outcomes
. Digital Competence, Artificial
English Grades 9-12 8 Intelligence, Content Creation
Visual Arts Grades 9-12 8 D|g|t§I Competence, Art|f|C|aI.
Intelligence, Augmented Reality
Music Grades 9-12 8 D|g|t§I Compejce.nce, Artificial
Intelligence, Digital Culture
Religious Culture and Grades 9-12 6 Dlg.ltal Competence, Digital Content,
Moral Knowledge Ethics
Physical Education and Grades 9-12 8 D|g|t§I Competence, Artificial .
Sports Intelligence, Sports Technologies

Based on the data presented in Table 9, learning outcomes related to digital competencies
and Al literacy at the upper secondary level extend beyond science and informatics to include
arts, culture, ethics, and sports. In language and arts curricula, digital competencies and Al-
related categories are integrated with creative production and cultural expression, reflecting
the use of digital tools to support content creation and creative practices.

Categories associated with digital ethics and digital content are particularly visible in social
and values-oriented subjects, highlighting responsible and value-based engagement in digital
environments. In physical education, Al-supported measurement, performance analysis, and
the use of digital data illustrate the application of instructional technologies to technology-
enhanced physical learning. Overall, these findings indicate that digital competencies and
instructional technologies at the upper secondary level are embedded across diverse
disciplines in pedagogically varied forms.

The table reports findings at the category level. To illustrate how these categories are
reflected in upper secondary education curricula, the following learning outcomes from the
NCT are provided as representative examples.

Example 1 — Upper Secondary (Information Technologies and Software Curriculum)
"Dijital grenme ortamlarint ve platformlart kullanarak égrenme stirecini yonetir.”

(Author's translation: "Manages the learning process by using digital learning environments
and platforms.”)

Example 2 — Upper Secondary (Physics Curriculum)

"Fiziksel olaylart dijital simiilasyonlarla modeller.”

(Author’s translation: “Models physical phenomena using digital simulations.”)
Example 3 — Upper Secondary (Philosophy Curriculum)

"Yapay zeka ve dijital teknolojilerin insan ve toplum (zerindeki etik etkilerini tartisir.”

(Author's translation: "Discusses the ethical impacts of artificial intelligence and digital
technologies on individuals and society.”)

From a thematic perspective, Digital Competencies emerge as a core analytical theme
represented across all courses, demonstrating that NCT sustains an interdisciplinary approach
to digital learning. The Artificial Intelligence theme is strongly represented in traditionally non-
technical fields such as art, music, and physical education, indicating that Al is assuming new
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pedagogical roles in creative and embodied learning processes. Innovative domains such as
Augmented Reality (AR) and sports technologies provide evidence that the curriculum
integrates digital competencies with experiential and practice-based learning. The categories
of Digital Ethics and Digital Culture further reinforce the model’s aim to cultivate students as
responsible and reflective digital citizens in both productive and consumptive digital contexts.

Discussion

Before discussing the implications of the findings, it is important to clarify the scope of this
study. The analysis does not evaluate the NCT as a whole; rather, it focuses exclusively on the
alignment of the learning objectives with international framework dimensions such as
DigComp 2.2 and the UNESCO Al Competency Frameworks. Therefore, the findings and
interpretations presented here should be understood as referring specifically to the learning-
outcome dimension of the NCT. It is essential to clarify that this study analysed only the learning
outcomes of the NCT, not teacher education curricula. Therefore, teacher competencies are
discussed solely in the context of how they may influence the implementation of digitally
oriented learning outcomes, not as an examined data source.

The findings of this study indicate that learning outcomes in the national curricula published
in 2024 reflect a structured emphasis on digital competencies, Artificial Intelligence (Al) literacy,
and instructional technologies. Across educational levels, these learning outcomes
demonstrate a developmental pattern in which digital competencies progress from basic
awareness in early education to more application- and production-oriented forms in upper
secondary education. This pattern corresponds with international principles of inclusive, ethical,
and productive digital competencies articulated by UNESCO (2023) and OECD (2023).

The distribution of digital competency-related learning outcomes across subject areas
shows strong correspondence with the European Union’s DigComp 2.2 Framework (Vuorikari,
Kluzer, & Punie, 2022), particularly in terms of data literacy, digital safety, and ethical use.
Importantly, these competencies are reflected in learning outcomes not only through the use
of digital tools but also through expectations related to learning design, problem-solving, and
responsible digital engagement. This distinction supports the OECD’s (2023) conceptual
differentiation between digital transition (tool adoption) and digital competence (the
transformation of learning and assessment processes).

In science and mathematics curricula, learning outcomes related to data literacy, algorithmic
thinking, and simulation align with computational thinking processes identified in the
international literature as core components of Al-supported learning (Holmes et al., 2022;
Luckin et al., 2023). However, the analysis of learning outcomes suggests that Al literacy is not
yet organised through a clearly articulated pedagogical progression across grade levels, which
contrasts with UNESCO’s (2024a, 2024b) emphasis on the gradual development of Al
competencies.

Learning outcomes in social sciences, philosophy, and religious education frequently
emphasise digital ethics, digital citizenship, and digital research. This pattern indicates that
digital competencies are framed not solely as technical skills but also as value-oriented learning
outcomes, consistent with UNESCO'’s human-centred approach to Al and digital education
(Miao & Holmes, 2023). Nevertheless, as these themes are often embedded implicitly within
learning outcomes, their systematic assessment may present challenges.

In arts, music, and physical education curricula, learning outcomes associated with
augmented reality, sound technologies, and sports technologies illustrate the extension of
digital competencies into creative, cultural, and embodied learning contexts. These findings
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resonate with the Education 4.0 perspective proposed by the World Economic Forum (2020),
which highlights creativity, experiential learning, and immersive digital environments. As this
study is limited to analysing learning outcomes, further research is needed to examine how
such practices are implemented in instructional contexts.

Overall, the findings suggest that the learning outcomes articulated in the national curricula
demonstrate a structured integration of digital competencies alongside cognitive, ethical, and
cultural dimensions. At the same time, the analysis of learning outcomes highlights several
areas where further development may be required.

First, the distribution of Al-related learning outcomes indicates the need for a more clearly
articulated pedagogical progression in Al literacy, moving from foundational awareness toward
application- and production-oriented competencies. Second, while this study does not
examine teacher education or instructional implementation, the alignment of curriculum
learning outcomes with international frameworks implies that professional development in Al-
supported pedagogy and ethical awareness may be an important area for future research.
Finally, as the present analysis is limited to learning outcomes, further studies could explore
how digital competencies are reflected in assessment practices and whether emerging digital
or Al-supported assessment approaches align with the intended curriculum outcomes.

In conclusion, the analysis of curriculum learning outcomes indicates substantial alignment
with international digital competency and Al literacy frameworks, particularly in categories
related to digital ethics, safety, accessibility, responsible digital citizenship, and foundational Al
understanding. These patterns suggest that human-centred and inclusive digital learning
principles are reflected at the level of intended learning outcomes.

At the same time, as this study is limited to the analysis of learning outcomes, further
research is needed to examine how these competencies are enacted through pedagogy,
teacher professional development, and assessment practices across grade levels. Accordingly,
the conclusions presented here should be interpreted as pertaining solely to the learning-
outcome dimension and not as an evaluation of the curriculum framework as a whole.

Conclusion and Implications

This study examined curriculum learning outcomes in relation to digital competencies,
artificial intelligence (Al) literacy, and instructional technologies, with a focus on their
correspondence to key dimensions of 21st-century skills. The findings indicate that learning
outcomes reflect a developmental pattern from early childhood to upper secondary education,
emphasising digital citizenship, data literacy, ethical awareness, and the use of instructional
technologies across subject areas. As the analysis is limited to learning outcomes, the
conclusions should be interpreted within this scope and should not be regarded as an
evaluation of the curriculum framework as a whole.

The analysis indicates substantial alignment between curriculum learning outcomes and the
EU DigComp 2.2 Framework (Vuorikari, Kluzer, & Punie, 2022) as well as UNESCO's Al
Competency Frameworks (Miao, Shiohira, & Lao, 2024; Miao & Cukurova, 2024), particularly in
categories related to digital safety, ethical technology use, and data literacy. In line with the
OECD Digital Education Outlook 2023's distinction between digital transition and digital
competencies (OECD, 2023), these findings suggest an emphasis on competency-oriented
learning outcomes rather than tool-focused adaptation. However, as the analysis is limited to
learning outcomes, further research is needed to examine how Al pedagogy, teacher
competencies, and assessment practices are articulated and implemented beyond the intended
curriculum.

72



International Journal of Curriculum and Instructional Studies, 76(1), 2026, 56-81 Bayra

International literature highlights that the development of digital competencies in education
extends beyond the mere adoption of technological tools to include learning culture,
pedagogical design, and ethical considerations (Holmes et al., 2022; Luckin et al., 2023). In this
context, the analysis of curriculum learning outcomes indicates alignment with UNESCO's
(2023) principles of human-centred, ethical, and inclusive digital transformation, particularly
through outcomes related to digital ethics, safety, responsible digital citizenship, and
accessibility. However, as these findings are limited to the learning-outcome dimension, further
research is required to examine how such principles are sustained and operationalised across
pedagogical and implementation practices.

In summary, the analysis of curriculum learning outcomes indicates substantial alignment
with international trends in digital competencies and Al literacy. At the same time, as this study
is limited to the learning-outcome dimension, further research is needed to examine how these
competencies are coherently supported through pedagogy, teacher development, and
assessment practices. Accordingly, the conclusions should be interpreted as pertaining solely
to intended learning outcomes and not as an evaluation of the curriculum framework as a
whole.

Recommendations

Based on the analysis of learning outcomes, three recommendations are proposed:

e Gradual integration of Al literacy. Al-related learning outcomes should be structured
progressively across levels of awareness, application, and production, with clear
distinctions across educational stages to support developmental continuity.

e Support for teacher competencies. Although teacher education was beyond the scope of
this study, alignment with UNESCO’s Al Competency Framework for Teachers (Miao &
Cukurova, 2024) suggests the need for professional-development initiatives focusing on
Al pedagogy, digital assessment, and ethical awareness.

e Alignment of assessment practices with digital competencies. To ensure coherence
between intended learning outcomes and evaluation, assessment approaches should
increasingly reflect digital competencies, including data use, creativity, and ethical
reasoning, through performance-oriented and technology-supported methods.

Declarations

Conflict of Interest
There is no potential conflict of interest related to the conduct or publication of this study.
Disclosure of Artificial Intelligence (Al) Use

The author used artificial intelligence (Al)-based tools (e.g., ChatGPT) for language editing and
improving the clarity of the manuscript. All conceptualization, analysis, and interpretation of
the data were conducted by the author.

Acknowledgements

The author would like to express sincere gratitude to the Ministry of National Education of
Turkiye for providing open access to National Curriculum documents, which served as the
primary data source for this research.

Ethics Committee Approval

There are no human subjects in this article, and informed consent is not applicable. Ethical
approval is not applicable to this study. This study used publicly available documents.

73



International Journal of Curriculum and Instructional Studies, 76(1), 2026, 56-81 Bayra

References

Bas, E., & Ercan, R. (2023). A descriptive analysis of the curricula implemented in village institutes.
Journal of Social Humanities and Administrative Sciences, 61(61), 2354-2365.
https://doi.org/10.29228/joshas.68257

Bowen, G. A. (2009). Document analysis as a qualitative research method. Qualitative Research
Journal, 9(2), 27-40._https://doi.org/10.3316/QRJ0902027

Council of the European Union. (2024a). Council Recommendation of 23 November 2023 on
improving the provision of digital skills and competences in education and training
(C/2024/1030).  Official  Journal of the  European  Union.  https://eur-
lex.europa.eu/eli/C/2024/1030/0j

Council of the European Union. (2024b). Council Recommendation of 23 November 2023 on the
key enabling factors for successful digital education and training (C/2024/1115). Official
Journal of the European Union. https://eur-lex.europa.eu/eli/C/2024/1115/0j

Holmes, W., Porayska-Pomsta, K., Sutherland, E., & Gasevi¢, D. (2022). Artificial intelligence in
education: Promise and implications for teaching and learning (OECD Education Working
Papers No. 289). OECD Publishing. https://doi.org/10.1787/a9ca86c2-en

Luckin, R,, Holmes, W., Griffiths, M., & Forcier, L. B. (2023). Artificial intelligence and education:
Towards Al literacy. UNESCO. https://unesdoc.unesco.org/ark:/48223/pf0000386469

Miao, F., & Cukurova, M. (2024). Al competency framework for teachers. UNESCO.
https://unesdoc.unesco.org/ark:/48223/pf0000389167

Miao, F., & Holmes, W. (2023). Guidance for generative Al in education and research. UNESCO.
https://unesdoc.unesco.org/ark:/48223/pf0000386693

Miao, F., Shiohira, K, & Lao, H. (2024). Al competency framework for students. UNESCO.
https://unesdoc.unesco.org/ark:/48223/pf0000389168

Milli  Egitim  Bakanhgi. (2018). 2023 Egitim Vizyonu. Milli  Egitim  Bakanhg:.
https://2023vizyonu.meb.gov.tr

Milli Egitim Bakanlgi. (2024). Tirkiye Yiizylt Maarif Modeli — Ortak Metin. Milli EGitim Bakanligi.
https://tymm.meb.gov.tr/ortak-metin

OECD. (2023a). Digital education outlook 2023: Pushing the frontiers with Al, blockchain, and
robots. OECD Publishing. https://doi.org/10.1787/0f8e140e-en

OECD. (2023b). OECD digital education outlook 2023: Towards an effective digital education
ecosystem. OECD Publishing. https://doi.org/10.1787/c74f03de-en

Ulker, S., & Kocakiilah, M. S. (2023). An analysis of the gifted education science curriculum in
BILSEM according to the revised Bloom taxonomy. Dokuz Eyliil University Buca Faculty of
Education Journal, (56), 929-948. https://doi.org/10.53444/deubefd.12est66

UNESCO. (2023). Guidance for generative Al in education and research. UNESCO.
https://unesdoc.unesco.org/ark:/48223/pf0000386540

UNESCO. (2024a). Al competency framework for students. UNESCO.
https://unesdoc.unesco.org/ark:/48223/pf0000389168

UNESCO. (2024b). Al competency  framework  for teachers. UNESCO.
https://unesdoc.unesco.org/ark:/48223/pf0000389167

74


https://doi.org/10.29228/joshas.68257
https://doi.org/10.3316/QRJ0902027
https://eur-lex.europa.eu/eli/C/2024/1030/oj
https://eur-lex.europa.eu/eli/C/2024/1030/oj
https://eur-lex.europa.eu/eli/C/2024/1115/oj
https://doi.org/10.1787/a9ca86c2-en
https://unesdoc.unesco.org/ark:/48223/pf0000386469
https://unesdoc.unesco.org/ark:/48223/pf0000389167
https://unesdoc.unesco.org/ark:/48223/pf0000386693
https://unesdoc.unesco.org/ark:/48223/pf0000389168
https://2023vizyonu.meb.gov.tr/
https://tymm.meb.gov.tr/ortak-metin?utm_source=chatgpt.com
https://doi.org/10.1787/0f8e140e-en
https://doi.org/10.1787/c74f03de-en
https://doi.org/10.53444/deubefd.12est66
https://unesdoc.unesco.org/ark:/48223/pf0000386540
https://unesdoc.unesco.org/ark:/48223/pf0000389168
https://unesdoc.unesco.org/ark:/48223/pf0000389167

International Journal of Curriculum and Instructional Studies, 76(1), 2026, 56-81 Bayra

Vuorikari, R, Kluzer, S., & Punie, Y. (2022). DigComp 2.2: The Digital Competence Framework for
Citizens—With new examples of knowledge, skills and attitudes. Publications Office of the
European Union. https://doi.org/10.2760/115376

World Economic Forum. (2020). Schools of the future: Defining new models of education for the
Fourth Industrial Revolution. World Economic Forum.
https://www.weforum.org/reports/schools-of-the-future

World Economic Forum. (2023). The future of jobs report 2023. World Economic Forum.
https://www.weforum.org/publications/the-future-of-jobs-report-2023/

Yigit, B., & Parlar, H. (2025). An analysis of the decisions taken at the 20th National Education
Council in terms of the quality and future of education. Cumhuriyet International Journal
of Education, 14(2), 432-445. https://doi.org/10.30703/cije. 1495740

75


https://doi.org/10.2760/115376
https://www.weforum.org/reports/schools-of-the-future
https://www.weforum.org/publications/the-future-of-jobs-report-2023/?utm_source=chatgpt.com
https://doi.org/10.30703/cije.1495740

International Journal of Curriculum and Instructional Studies, 76(1), 2026, 56-81 Bayra

< Uluslararasi Egitim Programlari ve Ogretim Calismalari Dergisi
D 16(7), 2026, 56-81

EPUDER www.ijocis.com

TURKCE GENIiS OZET

Tiirkiye Ulusal Ogretim Programlarinda 21. Yiizyil Becerileri: Dijital
Yeterlik, Yapay Zeka ve Ogretim Teknolojileri

Giris

Egitim sistemleri, yirmi birinci yGzyilin dijital ekosistemi icinde yeniden yapilandiriimaktadir.
Dijital yeterliklerin, yapay zeka (YZ) okuryazarliginin ve teknoloji destekli 6grenme siireclerinin
ogretim programlarina bittincil bicimde entegre edilmesi giderek daha kritik hale gelmistir.
UNESCO (2023) ve OECD (2023), dijital donusimin insan merkezli, etik ve kapsayici bir
cercevede ele alinmasi gerektigini vurgulamaktadir. Turkiye Cumhuriyeti Milli Egitim Bakanligi
tarafindan 2024 yilinda yayimlanan 6gretim programlari, beceri ve deger temelli bir yaklasimla
yeniden duzenlenmekte; 6grenme ciktilan dijital yeterliklere, veri okuryazarligina, etik
farkindaliga ve YZ okuryazarligina yer vermektedir. Bu yonelim, Avrupa Birligi'nin DigComp 2.2
Dijital Yeterlik Cercevesi (Vuorikari, Kluzer & Punie, 2022) ve UNESCO'nun YZ Yeterlik
Cerceveleri (Miao, Shiohira & Lao, 2024; Miao & Cukurova, 2024) ile 6nemli olclide
ortismektedir.

Bu ¢alismanin amaci, 6gretim programlarinda yer alan 6grenme ciktilarinin dijital yeterlikler,
yapay zeka (YZ) okuryazarligi ve 6gretim teknolojileri boyutlarinda nasil yapilandirildigini ortaya
koymaktir. Turkiye baglaminda, 6gretim programlarindaki 6grenme ciktilarinin uluslararasi
dijital yeterlik cerceveleriyle (DigComp 2.2 ve UNESCO Al Frameworks) hizalanma duzeyi heniz
sistematik olarak incelenmemistir. Bu nedenle, bu arastirma su sorulara yanit aramaktadir:

1. Turkiye ulusal 6gretim programlarinda dijital yeterlikler, YZ okuryazarligi ve 6gretim
teknolojileriyle iliskili hangi 6grenme ciktilari 6ne ¢ikmaktadir?

2. Bu ogrenme c¢iktilan uluslararasi dijital yeterlik ve YZ c¢ergeveleriyle nasil
hizalanmaktadir?

3. Dijital yeterliklerin dagihmi farkh disiplinlerde nasil cesitlenmektedir?

4. Dijital yeterlikler 6gretim programlarinda ne élctide agik bicimde yer almakta ve dersler
ile egitim kademelerine gore nasil farklilasmaktadir?

Bu ¢alisma, Turkiye ulusal 6gretim programlarinin 6grenme ¢iktilari boyutunu temel alarak,
Turkiye'nin egitimde dijital dontsim yonelimine iliskin karsilastirmali ve analitik bir bakis
sunmaktadir.
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Yontem

Bu arastirmanin veri toplama ve inceleme surecinde dokiiman analizi teknigi kullanilmistir.
Dokliman analizi, yazili materyallerin sistematik olarak incelenmesi yoluyla arastirma sorularinin
yanitlanmasini amaclayan bir tekniktir (Bowen, 2009). Calismanin amaci, Turkiye ulusal 6gretim
programlarinda yer alan 6grenme ¢iktilarinin dijital yeterlikler, yapay zeka (YZ) okuryazarhigi ve
ogretim teknolojileri baglaminda nasil yapilandirildigini incelemektir.

Arastirmanin veri kaynagi, Milli Egitim Bakanhgi tarafindan 2024 yilinda yayimlanan ulusal
ogretim programlaridir. Bu dogrultuda, okul dncesi, ilkokul, ortaokul ve lise diizeylerinde yer
alan 33 6gretim programi incelenmistir. Programlar; fen bilimleri, matematik, sosyal bilimler, dil
ve edebiyat, sanat, beden egitimi, din kdiltliri ve felsefe gibi farkli disiplinleri kapsamaktadir.
Tam dokimanlar, Bakanhgin resmi dijital portalinda yayimlanan PDF formatindaki metinlerden
elde edilmistir.

Veri toplama surecinde, 6gretim programlarindaki 6grenme ciktilari anahtar kelime temelli

"nou /AT n o /]

tarama yoluyla belirlenmistir. Tarama strecinde “dijital”, “teknoloji”, "yapay zeka”, "veri”, "bilgi
okuryazarhgi”, “cevrim ici”, “dijital vatandashk”, “etik” ve “gtivenlik” gibi kavramlar kullaniimistir.
Belirlenen 6grenme ciktilar, baglamlari dikkate alinarak dijital yeterlikler, YZ okuryazarligi ve
ogretim teknolojileri olmak tzere Gi¢ ana tema altinda kodlanmistir. Kodlama sireci Gi¢ asamada

gerceklestirilmistir:
(i) dijital teknolojiyle iliskili 6grenme ciktilarinin belirlenmesi,
(i) bu ¢iktilarinin ilgili temalar altinda siniflandiriimasi,
(iii) kodlanan verilerin ders ve egitim kademelerine gore tablolastirilmasi.

Elde edilen bulgular, Avrupa Birligi'nin DigComp 2.2 Dijital Yeterlik Cercevesi (Vuorikari,
Kluzer & Punie, 2022) ve UNESCO Yapay Zeka Yeterlik Cergeveleri (Miao, Shiohira & Lao, 2024;
Miao & Cukurova, 2024) temel alinarak karsilastirmali bicimde yorumlanmistir. Calismanin
glvenirligi, kodlama sirecinin yinelemeli bicimde yuritilmesi ve kodlarin uluslararasi
cercevelerle strekli karsilastiriimasi yoluyla desteklenmistir. Kavramsal gecerlik, kullanilan tema
ve kategorilerin DigComp 2.2 ve UNESCO YZ cercevelerine dayandiriimasiyla saglanmistir.
Arastirmada yalnizca kamuya acik ve serbest erisimli dokiimanlar kullanildidi icin etik kurul izni
gerekmemektedir. Arastirma surecinde bilimsel dirustlik ve atif etigi ilkelerine uyulmustur.

Bu calisma, yalnizca Turkiye ulusal 6gretim programlarinda yer alan 6grenme ciktilari ile
sinirhidir. Ogretmen uygulamalari, ders materyalleri ve 6lcme-degerlendirme siirecleri kapsam
disindadir. Dolayisiyla bulgular, 6gretim programlarinin uygulamaya donuk etkilerine degil,
ongorilen 6grenme ciktilarinin yapisal 6zelliklerine iligkindir.

Bulgular

Arastirma bulgulari, Turkiye ulusal 6gretim programlarinda yer alan 6grenme ciktilarini
iceren dijital yeterlikler, yapay zeka (YZ) okuryazarligi ve 6gretim teknolojileriyle iligkili
unsurlarin  tim egitim kademelerinde bulundugunu gostermektedir. Bulgular, dijital
yeterliklerle iligkili 6grenme c¢iktilarinin okul 6ncesinden lise seviyesine dogru kademeli bir
gelisim gosterdigini; bu surecte dijital farkindalik, veri okuryazarlidi, etik davranis ve 6gretim
teknolojilerinin kullanimina yapilan vurgunun giderek arttigini ortaya koymaktadir.

Ilkokul dizeyinde, dijital yeterliklerle iliskili 6grenme ciktilarinin temel farkindalik ve giivenli
kullanim odakh yapilandigi goérilmektedir. Ozellikle Tiirkce, Hayat bilgisi ve matematik
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derslerinde dijital vatandaslik, dijital okuryazarlik ve etik kullanim temalarinin 6ne ciktigi
belirlenmistir. Beden egitimi ve oyun derslerinde ise dijital araglarin etkilesim, oyun ve hareket
temelli 6grenme streclerini destekleyici bicimde kullanildigina iliskin 6grenme ¢iktilarina yer
verilmistir.

Ortaokul diizeyinde, dijital yeterlik bilesenlerinin daha sistematik ve disiplinlerarasi bir yapiya
kavustugu gérilmektedir. Matematik, Fen Bilimleri ve Iingilizce derslerinde yapay zeka (YZ),
algoritmik dusiinme, veri analizi ve karma 6grenme uygulamalarina yénelik 6grenme ciktilari
dikkat cekmektedir. Sosyal bilgiler ve Turkge derslerinde ise dijital arastirma, medya
okuryazarhgi ve etik davranis temalarinin one ¢iktigi belirlenmistir. Bu bulgular, ortaokul
diizeyinde o6grencilerin dijital tretim ve problem ¢b6zme sureclerine daha etkin bigimde
katilmalarini hedefleyen 6grenme ciktilarinin arttigini géstermektedir.

Ortadgretim duzeyinde, dijital yeterliklerle iligkili 6grenme ciktilarinin biligsel ve uygulamali
boyutlarinin derinlestigi gortilmektedir. Bilisim Teknolojileri ve Yazilim, Matematik, Fen Bilimleri
(Fizik, Kimya, Biyoloji) ve Tarih derslerinde YZ, programlama, modelleme ve similasyon
temalarinin daha belirgin bicimde yer aldig tespit edilmistir. Cografya ve felsefe derslerinde
dijital haritalama, veri gorsellestirme ve dijital disinme becerilerine yonelik 6grenme ¢iktilari
éne cikarken, T.C. inkilap Tarihi ve Atatirkcilik dersinde dijital icerik Gretimi ve dijital etik
temalari dikkat cekmektedir.

Sanat, dil, din ve spor derslerinde ise dijital yeterliliklerle iliskili 6grenme ¢iktilarin yaratici
tretim ve kiltirel ifade boyutlariyla iliskilendirildigi gérilmektedir. ingilizce, mizik ve gérsel
sanatlar derslerinde yapay zeka destekli 6grenme, artirilmis gerceklik (AR) uygulamalari ve ses
teknolojileri gibi 6gretim yaklasimlarina isaret eden 6grenme ciktilarina yer verilmektedir.
Beden egitimi ve spor dersinde dijital performans analizi ve spor teknolojilerinin kullanimina
iliskin ¢iktilarin 6n plana ciktigr goralurken, Din kiltird ve ahlak bilgisi dersinde dijital etik ve
dijital vatandaslik temalari vurgulanmaktadir.

Genel olarak bulgular, dijital yeterliklerle iliskili 6grenme ¢iktilarinin tim kademelerde yatay
bir eksen olusturdugunu; YZ okuryazarhgi ve 6gretim teknolojileriyle iliskili 6grenme ciktilarinin
ise dzellikle ortaokul ve lise diizeylerinde daha belirgin héle geldigini géstermektedir. Ogrenme
cikti duizeyinde yapilan karsilastirmalar, 6gretim programlarinin UNESCO Yapay Zeka Yeterlik
Cercevesi ve Avrupa Birligi DigComp 2.2 Cergevesi ile 6zellikle veri okuryazarhg, dijital gtivenlik
ve etik farkindalik boyutlarinda anlaml diizeyde ortlsttgind ortaya koymaktadir.

Bu bulgular, Turkiye ulusal 6gretim programlarindaki 6grenme ¢iktilarinin, dijital becerileri
yalnizca teknolojik ara¢ kullanimiyla sinirli gérmeyen, bilissel ve deger temelli 6grenme
stregleriyle iliskilendiren bir yaklasima isaret ettigini gostermektedir.

Tartisma

Bu tartisma bolumd, Turkiye ulusal 6gretim programlarinda yer alan 6grenme ciktilarina
dayanmaktadir; 6gretmen egitimi, materyaller ve uygulama surecleri bu calismanin kapsami
disindadir. Bulgular, 6gretim programlarinda dijital yeterlikler, yapay zeka (YZ) okuryazarligi ve
ogretim teknolojileriyle iliskili 6grenme c¢iktilarints okul 6ncesinden lise dlizeyine dogru
kademeli bir gelisim 6riintlist sergiledigini gostermektedir. Bu durum, UNESCO (2023) ve
OECD (2023) tarafindan vurgulanan insan merkezli, etik ve kapsayici dijital donlsim ilkeleriyle
égrenme ciktilari diizeyinde anlamli bir drtismeye isaret etmektedir.

Dijital yeterliklerle iliskili 6grenme ciktilarinin farkli disiplinlere yatay bicimde dagildig
bulgusu, Avrupa Birligi'nin DigComp 2.2 Dijital Yeterlik Cercevesi (Vuorikari, Kluzer ve Punie,
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2022) ile uyumludur. Bu uyum, OECD'nin (2023) dijital gecis ile dijital yeterlikler arasinda yaptigi
kavramsal ayrim cercevesinde degerlendirildiginde, ulusal 6gretim programlarinin 6grenme
ciktilarina yonelik yetkinlik temelli bir yaklasim sergiledigini gdstermektedir.

Fen ve matematik derslerinde one cikan veri okuryazarligi, algoritmik disinme ve
similasyon temalar, YZ destekli 6grenmenin temel bilesenleri olarak tanimlanan bilisimsel
distinme sirecleriyle (Holmes ve ark., 2022) 6rtismektedir. Sosyal bilimler ve deder egitimi
derslerinde dijital etik, dijital vatandashk ve dijital arastirma temalarinin 6ne ¢ikmasi ise dijital
yeterliklerin yalnizca teknik becerilerle sinirli gorilmedigini, deger temelli bir 6grenme
yaklagimiyla iliskilendirildigini gostermektedir. Bu bulgu, UNESCO’'nun insan merkezli YZ
yaklasimiyla (Miao ve Holmes, 2023) tutarlidir.

Bununla birlikte, YZ okuryazarhgina iliskin 6grenme ciktilarinin pedagojik agidan acik ve
asamali bir yapi sunmadigi gortlmektedir. Bu durum, UNESCO'nun (2024a, 2024b) YZ
yeterliklerinin asamali gelisimine iliskin Onerileriyle karsilastirildiginda, 6grenme ciktilari
diizeyinde daha belirgin bir yapilandirma ihtiyacina isaret etmektedir. Ogretmen yeterlikleri ve
olcme-degerlendirme surecleri bu calismanin kapsami disinda olmakla birlikte, bu alanlarin
ogrenme ciktilariyla nasil iliskilendirildiginin  gelecekteki c¢alismalarla ele alinmasi
gerekmektedir.

Genel olarak bulgular, Turkiye ulusal 6gretim programlarinda yer alan 6grenme ciktilarinin
uluslararasi dijital egitim cerceveleriyle onemli Ol¢liide Ortlstiginl; ancak bu uyumun
uygulama ve degerlendirme boyutlarinda nasil karsiik buldugunun ayri arastirmalarla
incelenmesi gerektigini gostermektedir.

Sonug ve Oneriler

Bu arastirma, Turkiye ulusal 6gretim programlarinda yer alan 6grenme ciktilarinin dijital
yeterlikler, yapay zeka (YZ) okuryazarligi ve o6gretim teknolojileriyle nasil yapilandirildigini
ortaya koymustur. Bulgular, dijital yeterliklerle iliskili 6grenme ciktilarinin okul dncesinden lise
diizeyine dogru kademeli bir gelisim orlntist sergiledigini; erken yaslarda farkindalik
diizeyinde baslayan dijital becerilerin Ust kademelerde uygulama ve Uretim boyutlarina
yoneldigini gostermektedir. Bu bulgular, UNESCO (2023) ve OECD (2023) tarafindan
vurgulanan etik, kapsayici ve Uretken dijital dontstim ilkeleriyle 6grenme ciktilari diizeyinde
tutarlilik gostermektedir.

Dijital yeterliklerin farkli disiplinlere yatay bicimde dagildigina iliskin bulgular, Avrupa
Birligi'nin DigComp 2.2 Dijital Yeterlik Cercevesi (Vuorikari, Kluzer ve Punie, 2022) ile uyumlu
bir yapi sergilemektedir. Ogrenme ciktilari incelendiginde, dijital gtivenlik, veri okuryazarhigi ve
etik teknoloji kullanimina ydnelik vurgularin 6ne c¢iktigi gorulmektedir. Bununla birlikte,
UNESCO'nun Yapay Zeka Yeterlik Cercevesi (Miao ve Cukurova, 2024) perspektifinden
degerlendirildiginde, Yapay Zeka okuryazarligina iliskin 6grenme ciktilarinin acik bicimde
asamal bir pedagojik yapi sunmadigi anlasilmaktadir.

Arastirmanin genel sonuglar, Turkiye ulusal 6gretim programlarinda yer alan 6grenme
ciktilaninin dijital becerileri yalnizca teknolojik arag kullanimiyla sinirli gérmeyen, pedagojik, etik
ve kilturel boyutlarla iliskilendiren bir yaklasima isaret ettigini gostermektedir. Bu durum, dijital
yeterliklerin bilissel, duyussal ve deger temelli 6grenme alanlariyla baglantili bigimde ele
alindigini ortaya koymaktadir.

Bu dogrultuda, calismanin 6grenme ciktilarindan elde edilen bulgulara dayal olarak (g
temel 6neri sunulmaktadir:
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(i) YZ okuryazarh@inin asamal yapilandiriimasi: YZ ile iliskili 6grenme ciktilarinin farkindalik,
uygulama ve Uretim dizeylerini agik bigimde ayirt edecek sekilde diizenlenmesi;

(ii) Ogretmen yeterlikleriyle iliskilendirme: Ogretmen egitimi bu calismanin kapsami disinda
olmakla birlikte, UNESCO’nun Ogretmenler icin YZ Yeterlik Cercevesi (Miao ve Cukurova, 2024)
dogrultusunda, 6grenme ciktilarinin 6gretmen yeterlikleriyle nasil iliskilendirilebileceginin
gelecekteki arastirmalarla ele alinmasi;

(iii) Degerlendirme suregleriyle uyum: Ogrenme ciktilarinda éngérilen dijital yeterliklerin
olcme ve degerlendirme sirecleriyle nasil iliskilendirildiginin incelenmesi.

Sonug olarak, bu calisma Turkiye ulusal 6gretim programlarinin 6grenme ¢iktilan diizeyinde
uluslararasi dijital yeterlik ve YZ okuryazarligi cerceveleriyle dnemli 6lglide oOrtlstiguini
gostermektedir. Bununla birlikte, ulasilan sonuglar yalnizca 6gretim programlarinda yer alan
6grenme ciktilarina iliskin verilere dayanmaktadir ve 6gretim programlarinin 6gretmen egitimi,
uygulama sirecleri veya degerlendirme sistemleri dahil olmak Uzere butinsel bir
degerlendirmesi olarak yorumlanmamalidir.
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Appendix

This codebook supports the qualitative analysis of learning outcomes in the 2024 national
curricula published by the Ministry of National Education. The analysis focuses exclusively on
the learning outcomes dimension and examines their alignment with international digital
competency and Al literacy frameworks.

Analytical Framework:

The analysis follows a hierarchical structure of themes, categories, and codes. Themes and
categories were defined deductively based on DigComp 2.2 and the UNESCO Al Competency
Frameworks, while codes were refined inductively through iterative examination of curriculum
learning outcomes.

Themes and Categories:
Theme 1: Digital Competencies

Students’ ability to access, evaluate, create, and communicate information using digital
technologies in a safe and ethical manner.

Categories: Information and data literacy; communication and collaboration; digital safety
and ethics; digital content creation.

Theme 2: Al Literacy

Understanding core Al concepts, applications, limitations, and ethical implications.
Categories: Al concepts and foundations; Al applications; Al ethics and social impact.
Theme 3: Instructional Technologies

Pedagogical use of digital tools to support teaching, learning, and assessment processes.

Categories: Technology-enhanced learning; blended and digital learning environments;
assessment and feedback technologies.

Coding Procedure and Scope:

Learning outcomes were identified using technology-related keywords, grouped into one
theme, and coded at both the category and code levels. Coding decisions were verified through
alignment with DigComp 2.2 and UNESCO frameworks. The codebook specifically applies to
student learning outcomes; teacher competencies were not analyzed.
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