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Abstract

Purpose: In the era of rapidly expanding artificial intelligence (Al) technologies,
Al literacy has emerged as a critical necessity of the 21st century. Research
emphasizes the importance of equipping citizens—especially non-experts—with
the knowledge, skills, and values needed to interact with Al technologies in an
informed, effective, and ethical manner. The present study aims to identify the
dimensions of Al literacy and to propose a conceptual framework for its
Instruction through a systematic review of the literature.

Method: This applied research was conducted using a systematic literature
review methodology based on the framework proposed by Kitchenham and
Charters. The review process included three main stages: planning the review,
conducting the review, and reporting the findings. A citation-based search
strategy was applied in the Scopus database to retrieve comprehensive and
relevant sources. After applying inclusion and exclusion criteria and validating
the sources, 60 full-text studies published between 2020 and 2025 were selected.
Reliability checks were conducted to ensure the validity of the extracted codes
and their categorization.

Findings: Ten core dimensions of Al literacy were identified: understanding the
structure and functioning of Al technologies, practical skills in using Al tools,
critical evaluation and interpretation of Al outputs, ethical literacy in Al usage,
socio-cultural and political awareness of Al implications, career readiness and
professional responsibility in the Al era, computational and algorithmic thinking,
inquiry-based learning and research with Al, metacognition and higher-order
thinking in Al interaction, and self-efficacy and motivation in engaging with Al.
The proposed educational framework is structured into four layers. The first
layer, Cognitive-Technical, forms the foundation for users’ technical and
theoretical understanding of Al. The second layer, Analytical-Functional,
emphasizes practical empowerment through the use of Al tools, problem-solving,
and computational thinking. The third layer, Ethical-Social, strengthens cultural
awareness, ethical responsibility, and critical sensitivity to algorithmic bias and
social consequences. The fourth layer, Metacognitive-Developmental, focuses on
self-assessment, lifelong learning, inquiry-driven engagement, career-oriented
future thinking, and sustained motivation to adapt to ongoing developments in
Al.

Conclusion: The findings indicate that Al literacy is a multidimensional concept
that goes beyond technical understanding. Each layer of the proposed framework
addresses distinct aspects—from foundational knowledge and practical skills to
ethical awareness and self-directed learning. While prior research has addressed
these dimensions individually, a cohesive, pedagogically grounded, multilayered,
and adaptable framework has been lacking. The proposed model integrates
cognitive, functional, ethical, social, metacognitive, and motivational elements
and offers adaptability across educational levels, cultural contexts, and
professional domains. It serves as both a theoretical foundation and a practical
tool for designing Al literacy programs in schools, universities, and public
education. This framework supports a more inclusive and future-oriented
approach to Al education by addressing the needs of diverse learners. Future
studies are recommended to evaluate the framework’s pedagogical impact,
develop assessment instruments for each dimension, and explore its effectiveness
in various educational systems and learning environments.
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Introduction

Artificial intelligence (Al), as one of the major branches of science
and engineering, has brought profound transformations to everyday
life and diverse scientific and social domains through technologies
such as machine learning and natural language processing. This
expansion highlights the necessity of Al literacy education—Iliteracy
that goes beyond technical skills and encompasses the ability to
critically engage with, evaluate, and responsibly utilize intelligent
technologies.

Despite research efforts, significant gaps remain in this field.
Most studies have focused on technical and cognitive dimensions,
while essential aspects such as inquiry, metacognition, self-efficacy,
and socio-cultural awareness have received less attention. Moreover,
existing educational initiatives are often limited to specific groups,
such as computer science students, and lack a comprehensive,
multilayered framework for educating the general public. In the
context of rapid technological change, the absence of such a
framework hinders inclusive and responsible education.

Purpose

The aim of this study is to identify the key dimensions of Al literacy
and propose a comprehensive and integrative framework for its
education. This framework organizes relevant knowledge, skills, and
attitudes and can be localized across different cultures and
communities. It is intended to serve as a guide for policymakers,
educators, and researchers in promoting Al literacy and ensuring
responsible use of intelligent technologies in society.

Method

This applied study employed a systematic literature review. The
Kitchenham and Charters (2007) framework was adopted to ensure a
neutral and comprehensive process from planning to reporting.

In the design phase, the need for the study was established, as
previous reviews had not fully addressed Al literacy dimensions. The
main research questions were defined: What are the dimensions of Al
literacy, and what is the optimal framework for its education? Scopus
was selected as the primary database, with inclusion criteria requiring
direct relevance to Al literacy, publication in reputable journals, and
availability in English or Persian.

In the resource review phase, a systematic search using the
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keywords Al literacy and artificial intelligence literacy retrieved 376
articles. These were screened in seven stages, from title and abstract
review to the removal of outdated or duplicate studies. Ultimately, 60
articles published since 2020 were selected for analysis. Extracted
data focused on Al literacy dimensions, categorized using a structured
worksheet. Validation was conducted by independent experts,
confirming approximately 90% overlap with the researchers’
classifications.

In the reporting phase, findings were analyzed and synthesized
into a framework addressing the research questions.

Findings

Table 1 presents the dimensions of Al literacy based on a systematic
review of 60 scholarly articles. Ten key dimensions of Al literacy
were identified.

Table 1. Dimensions of Artificial Intelligence Literacy

Dimension Description
Includes fundamental concepts such as machine
Understanding the learning, supervised learning, classification,
structure and technical | regression, clustering, algorithms, data mining, and the
functioning of Al functioning of large language models (LLMs) and

large multimodal models (LMM:s).

The ability to use, adapt, and design educational or
practical activities with Al tools in everyday life,
education, research, and professional contexts.

The ability to analyze performance, identify
advantages and limitations, assess accuracy, bias, and
reliability of Al outputs across different domains.
Understanding and analyzing ethical issues such as
algorithmic bias, privacy, transparency, accountability,

Practical skills in using
Al tools

Critical analysis and
evaluation of Al outputs

Ethical literacy in Al

use and the social implications of Al applications.
Awareness of social, Examining the impacts of Al on society, culture,
cultural, and political | justice, policymaking, and digital inequality at local
contexts of Al and global levels.
Career readiness and Understanding the impact of Al on future jobs,
professional required skills, professional responsibilities, and the
responsibility in the Al | role of humans in collaboration with Al.
era

The ability to conduct logical analysis, algorithm
design, modeling, and problem-solving using digital
technologies and Al.
Inquiry literacy and Curiosity, questioning, and engaging with Al to
research-based learning | explore data, analyze, and generate knowledge in
with Al research and educational processes.

Computational and
algorithmic thinking
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Dimension Description
Metacognition and The ability to evaluate one’s own knowledge, reflect,
higher-order thinking in | and regulate learning strategies for effective and

Al interaction sustainable use of Al.
Self-efficacy and Belief in the ability to learn and use Al, interest,
motivation in Al motivation for continuous engagement, and acceptance
interaction of technology in personal and professional life.

This table illustrates a comprehensive set of knowledge, skills, and
attitudes essential for living and working in the age of intelligent
technologies. These dimensions encompass understanding technical
concepts such as machine learning and algorithms, practical skills in
using and evaluating Al tools, and attention to ethical issues such as
transparency, privacy, and social responsibility. Additionally,
awareness of social and cultural contexts, career readiness,
computational thinking, inquiry literacy, metacognition, and finally
self-efficacy and motivation in engaging with technology are integral
components of this framework. Together, these dimensions provide a
multidimensional and dynamic picture of Al literacy that can serve as
a foundation for designing educational programs and empowering
citizens.

Conceptual Framework for Al Literacy Education

Based on the identified dimensions of Al literacy, a conceptual
framework for Al literacy education was developed in four layers,
along with the required competencies and skills (Table 2).

Table 2. Conceptual Framework for Al Literacy Education

Layer Title Competencies and Skills
«  Fundamental concepts of Al (machine
learning, algorithms, data mining,
Cognitive-Technical neural networks, large language
1 (Foundational knowledge models, and large multimodal models)
and structural «  Understanding the functioning of
understanding) intelligent systems and Al tools
e Distinguishing between intelligent and
non-intelligent technologies
»  Practical use of Al tools in education,
Analytical-Application research, and everyday life
2 (Application, evaluation, |+  Analyzing and evaluating Al outputs,
and computational identifying bias and limitations
thinking) e Computational thinking, algorithm
design, and problem-solving
3 Ethical-Social e Understanding ethical issues: privacy,
(Responsibility, cultural transparency, algorithmic bias
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Layer Title Competencies and Skills
awareness, and digital e  Awareness of social, cultural, and
citizenship) political implications of Al

e  Professional responsibility and
participation in ethical technology
development

e  Self-assessment of knowledge and

Metacognitive- regulation of learning pathways
Developmental e  Curiosity, inquiry, and research-based
4 (Continuous learning, learning with Al
motivation, and future o  Self-efficacy in engaging with
orientation) technology and career planning in the
Al era

175

The dimensions of Al literacy are organized into four main layers. The
first layer, Cognitive-Technical, focuses on understanding
fundamental concepts such as machine learning, algorithms, data
mining, and Al tools, serving as the foundation for higher levels of
learning. The second layer, Analytical-Application, emphasizes the
development of practical skills and problem-solving, including the
ability to use Al tools in education, research, and decision-making, as
well as computational thinking. The third layer, Ethical-Social,
highlights the cultivation of responsible attitudes and cultural
awareness, addressing issues such as privacy, digital justice, and the
social and political implications of Al. Finally, the fourth layer,
Metacognitive-Developmental, addresses self-assessment, learning
management, inquiry, intrinsic motivation, and career readiness in the
digital age.

Conclusion

Through a systematic review of 60 articles, this study identified ten
core dimensions of Al literacy and synthesized them into a four-layer
framework. Each layer addresses essential aspects of citizen
empowerment in the Al era: foundational knowledge, practical skills,
ethical awareness, and self-directed development. The framework
integrates knowledge, skills, human values, and self-regulation,
offering a comprehensive and flexible model rooted in scientific
literature and responsive to educational needs. Its distinctive
contribution lies in emphasizing overlooked dimensions such as
motivation, inquiry, and socio-cultural contexts, distinguishing it from
one-dimensional models. This framework can guide educators,
policymakers, and researchers in designing inclusive Al literacy
programs and fostering responsible engagement with intelligent
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technologies.
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