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Developing an Al Literacy Framework for
Elementary and Middle School Students: Focusing
on Computer Science Foundations and Critical
Thinking Competency
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ABSTRACT

As AT becomes increasingly embedded in everyday life, the importance of AT literacy
education — the competency to understand and critically engage with AT — has grown
substantially. This study develops an AT literacy framework for elementary and middle
school learners (grades 1-9) by conducting a content analysis of relevant literature
to produce an initial draft, then refining it through two rounds of modified Delphi
with 19 experts in Al and computer education and an expert review of performance
expectations. The resulting framework defines Al literacy for elementary and middle
school learners and comprises four domains (AT and Computing Foundations', 'Al
Principles', 'Al Application and Development', and 'Social Impact of Al'), 13 learning
elements, and 81 performance expectations across four proficiency levels. The
framework is named the 2C-AIL (Computer Science and Critical Thinking-Centered Al
Literacy) Framework, centered on Computer Science foundations and Critical Thinking
competency. This study contributes by systematizing computer science foundational
knowledge — identified as necessary in prior frameworks yet not explicitly addressed —
and by embedding critical thinking as a transversal competency across all domains of AT
understanding and application. Furthermore, by presenting level-specific performance
expectations, the study provides a practical framework that can serve as a reference for
teaching-learning design and assessment tool development.

Keywords Al Education, Al Literacy Education, Al Literacy Framework, Computer
Science, Critical Thinking Competency
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Table 1. Definition of Al Literacy

Author(Year) Definition of Al Literacy
Lone & a set of competencies that enables individuals to
Ma %rko critically evaluate Al technologies; communicate and
(2520) collaborate effectively with Al; and use Al as a tool
online, at home, and in the workplace
The ability to recognize social changes brought by Al
. and to effectively communicate and collaborate with
Choi (2022) Al in order to solve everyday problems, utilizing Al
accordingly
. The ability to solve problems through Al, grounded
I\élcllms;rgoif in human-centered Al ethics that seeks the
(121022) coexistence of humans and artificial intelligence, and
an understanding of data
Digital the knowledge and skills that enable people to
Pro%ﬂise critically understand, evaluate, and use Al systems
(2024) and tools to safely and effectively participate in an
increasingly digital world

Author(Year) Definition of Al Literacy
Al literacy represents the technical knowledge,
OECD & durable skills, and future—ready attitudes required to
European thrive in a world influenced by AL It enables learners
Commission | to engage, create with, manage, and design Al, while
(2025) critically evaluating its benefits, risks, and ethical
implications
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7} (What is AI?), ‘AlE A& & 4 Q&1 (What
can Al do?), ‘Al ojEA| 2H551=7}2"(How does Al
work?), ‘Al oJE A AR&E ofof 5}=7}12(How should Al
be used?), ‘AFEFELS AIZ ojEA| QA5H=7}2(How do
people perceive AI?)9] 57F F&g A7sHict. 1E]al o]
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Understand Al), ‘AH&3F3 #-83}7]'(Use and Apply
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Competencies Components Themes. ) Learning Priorities Subject Competencies
x Proficiency Levels
What Is AIZ] Al concey pts What is A1Z] [Participation Modes] [Competency Areas] | Humans an d Al Al Problem-Solving
Using Al concey pts Human-centred Representation and
Recognising Al Understanding Intelligence | | Understand Data Literacy
for evaluation mindset Reasonin g
Understanding the real world
Understanding Intelligence Al services & applications Evaluate Ethics of Al Machine Learning Al Ethics Awareness
through problem solving
Al techniques and Ethical Al System
Interdisciplinary Future Al Use
applications Design and Programming
General vs. Narrow [How does Al work?] [Core Values] Al system design Societal Impacts of Al
What can Al do?] Representation & reasoning | | Centering Human Judgment [Proficiency Levels]

Al's strengths &

Ng et al.
Decision-making & planning | | Centering Justice
weaknesses (2021)

OECD UNESCO K-12
Understand .
(2025) Curricula(2022)

Imagine future Al Aspects Machine learning 1Al Literacy Practices] | |Apply Domains Content Categories
Algorithmic Thinking,
[How does Al work?] | Know and Understand Al Data literacy 9 9 Create Engaging with Al Al foundations
Abstraction & Decomposition
Representations Use and Apply Al Action & interaction Data Analysis & Reasonin g Creating with Al Ethics & Social Impact
Evaluate and Understanding, Applicati
Decision-making valuate an Sensors & perception Data Privacy & Security Managing Al naerstanding, Application
Create Al & Development Al
Digital Commu
ML steps Al Ethics {How should Al be used?] | | '™ Designing Al
Human role in Al Al's social influence Ethics & Impact
Data literacy Al ethics Information & Misinformation
[How to work with Al
Learning from Data -
effectively?)
Critically Interpreting Data Human role in Al
Action & Reaction Evaluating Al

Sensors Al's strengths & weaknesses
[How should Al be
used?]
Ethics
[How do people
perceive AlZ]
Programmability

Figure 1. Component of Al Literacy

X-5S Al 2[E{2{A] T2 A9 3 JHE: HRE 2} 7|20} HITH A1 S FHo=

101



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 29, Issue 8, 2026

Aol chah A zbol7k Qlek. wat thao] meel 9] ol A
NEEERER D eE PR EE R E L
A 4o] W3t He sk 9l.o1H26,28,31,33],
o] mel9)a ol YAH R maksto] AAH R o}

24 & gk k.

ojof] & tollAl= HHA Aba S AREA Rl Y-8 oo
o E3}sto] AAIGHH, Al 2E]2]AlE o|sfst=t] P42l
H

ZAFE TS A4S YA AL FelelA] mejd TS At
ShaLat stk 3 olo] et 48 7|o) W& B @A A
ol WAoo #aAe ol st

I

@ Related @ Inductive o @ Field

R,as;?]:f; Literature Category Siodified Expert
. Delphi "

Analysis Development Review

« Analysis of - Extraction of student
domestic and performance « Implementat . Expert
international expectation ion of review and
research on Al statements from modified ;:WS'O" of
it lated studies; Delphi on e

RSf;Caergg ey - {:da:.lte:tivseléa;isg;ory derived draft appropriate-

- Exploration of Al- development i ness and
related elements in « Conducted in validity of
domestic and « Incorporation of 2 rounds with performance
international implications from isi i
curricula literature analysis
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implications Framework
Figure 2. Research Design and Procedure
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Table 2. Participants in the Modified Delphi Study

No. Position Do | Eipenence

1 Professor Ph.D. 16

2 Professor Ph.D. 20

3 Professor Ph.D. 26

4 Professor Ph.D. 15

5 Professor Ph.D. 3

6 Professor Ph.D. 11

7 Professor Ph.D. 15

8 Researcher Ph.D. 10

9 Elementary School Teacher Master's 14

10 Elementary School Teacher Master's 20

11 Elementary School Teacher Master's 16

12 Elementary School Teacher Master's 12

13 Elementary School Teacher Ph.D. 17

14 Elementary School Teacher Master's 20

15 Secondary School Teacher Master's 27

16 Secondary School Teacher Master's 7

17 Secondary School Teacher Bachelor's 1

18 Secondary School Teacher Bachelor's 7

19 Secondary School Teacher Ph.D. 8
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Table 3. CVR Results by Domain and Item Across Two Expert Review

Al and Society & 4. Social Impact of Al Rounds
Future Awareness
Round 1 | Round 2
Figure 3. Secondary Categorization Results and Final Domain Names Lotz g (I\C/:IZ;) (I\C/[Z;)
Al Literacy Definition 0.789 1.000
9 Y& 53l A1) o]l "Rt HFEAsH 7= Al Foundations Domain 0.684 0.895
o dfgst= G} oof] &ot= ‘HEH A|AH], ‘Hlo]g’, Al Literacy Al Principles Domain 1.000 1.000
‘A 2A4 sid’ 37] 5t L4AE =U)skint. ok ‘Al Al Application and Development | 0 1.000
of vl¥a H7P Fde Al 92 ol 4, 8 % AL Domain
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A AR e, mlEl QAT ojojX]= AL APdE 1L Performance Expectation . 0.842
25to] ‘Al9] AFE]H % F d9or FEerit Al'and Data 0.842 | 0.895
o|E &3 ‘Al 7|x’, ‘Al ¥, ‘Al &8 9l 7|, ‘Al19] Al Al and Data Pe?formance 0.579 0.763
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Round 1 | Round 2

Table 4. 2C-AIL Literacy Framework

Do = G G Domain Learning Element
(Mean) | (Mean) :
Al Utilization 0631 | 0.948 Aland Computing Systems
o Computing Data
Al Utilization .
Performance Expectation 0.552 0.948 Foundations Computational Problem—-Solving
Aland Programming 0.631 0.631 Concepts and Development of Al
Al and Programming .
Performance Expectation 0.684 0.684 Al Principles Types and Principles of Al
Al _ R
Application Al and Consvergent Problem 0.684 0.948 Al Technology and Limitations
olving -
Al and Expression
Al and Convergent Problem— AI ) Al Implementation
Solving 0789 | 0.948 Application p
Performance Expectation and Al and Convergent Problem—=Solving

Impact of Al Execution 0.368* | 0.789

Development — —
Al and Critical Thinking

Impact of Al Execution
Performance Expectation

Al Ethics 0.631 0.948

Al Ethics Performance
Expectation

Al Citizenship 0.684 0.948

Al Citizenship Performance
Expectation

Al and Sustainable Future 0.895 0.842

Al and Sustainable Future
Performance Expectation

0.605 1.000

0.719 0.789

Al and Social

Impact 0.684 0.895

0.824 0.895

*CVR value below the minimum criterion (CVR = 0.474)
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