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Developing an Early Childhood SW-AlI Competency Framework and
Conceptualizing a Play-Based Competency Development Mechanism
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Abstract This study aimed to develop an Early Childhood SW-AI Competency Framework and to
conceptualize a Play-Based Competency Development Mechanism. Literature on digital competence, Al
literacy, computational thinking, and early childhood SW-Al education was systematically analyzed to
integrate key concepts from the perspectives of child development and play-based education. The
results identified seven foundational competency domains: Data Understanding, Classification and
Pattern Recognition, Algorithmic Thinking, Problem Solving and Improvement, Prediction and Decision
Making, Al Understanding and Interaction, and Digital and Al Ethics. A play-based mechanism was also
conceptualized by structuring the relationships among exploration, interaction, problem solving,
experience reconstruction, cognitive and social learning processes, and the development of SW-AI
competencies. This study provides a conceptual framework for understanding both the components of
young children's SW-AI competencies and their development through play, offering a theoretical basis

for play-based curricula and instructional design in early childhood SW-AI education.

Key Words : Early Childhood SW-AI Education, SW-AI Competency Framework, Play-Based Learning,

Competency Development Mechanism, Literature-Based Conceptualization
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(Table 1) Analytical Categories, Representative Frameworks/Studies, and Analytical Focus

Analytical Category Representative Frameworks / Studies

Analytical Focus

DigComp 2.2(Vuorikari et al., 2022), OECD
Learning Compass 2030(0ECD, 2022)

Digital Competence
and Digital Literacy

Identification of digital competence components relevant to foundational

SW-Al competencies for young children

UNESCO Al Competency
Framework(UNESCO, 2024),
Al4K12(Touretzky et al., 2019), Long &
Magerko(2020)

Al Competencies
and Al Literacy

Identification of core concepts and competency components related to Al

literacy

Wing(2006), Brennan & Resnick(2012),
Shute et al.(2017)

Computational
Thinking

Identification of the core elements of computational thinking underlying

SW-Al competencies

Early Childhood
SW-AI Education

Bers (2018), Druga et al.(2022), Williams et
al.(2022)

Identification of play—based SW-Al learning experiences and pedagogical

principles appropriate for young children

Conceptualization

Rosearch Jabareen(2009)

Identification of the conceptualization process for developing the
competency framework and the play—-based competency development
mechanism
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{Table 2> Components and Literature Basis of the Early Childhood SW-AI Competency Framework

Foundational SW-Al

Competencies Key Components

Representative Literature Basis

Data Understanding

Observation, Recording, Information Use, Data Understanding

DigComp 2.2; OECD Learning Compass 2030

Classification and

Pattern Recognition Recognition

Comparison, Classification, Rule Identification, Pattern

Wing (2006); Brennan & Resnick (2012)

Algorithmic
Thinking

Sequencing, Procedural Understanding, Instruction
Construction, Repetition, Conditionals

Brennan and Resnick(2012); Bers(2018)

Problem Solving
and Improvement

Error Detection, Revision, Debugging, Retry

Shute et al.(2017); Bers(2018)

Prediction and
Decision Making

Prediction, Decision Making, Selection, Reasoning

Al4K12 Initiative(Touretzky et al., 2019); Long &
Magerko(2020)

Al Understanding
and Interaction

Al Understanding, Al Utilization, Al Interaction, Al Evaluation

UNESCO Al Competency Framework (2024);
Druga et al.(2022)

Digital and
Al Ethics

Digital Citizenship, Responsible Use, Al Ethics, Understanding
the Social Impact of Technology

DigComp 2.2; UNESCO Al Competency
Framework(2024)
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1. PLAY CONTEXT
(Core Characteristics of Play)

1) Exploration |
Active exploration of environment ‘

Information

9
Reflection &
Generalization

and materials, expanding interests Gathering

and curiosity

2) Interaction

Interaction with others,
collaboration, and co-construction Iteration &
toward shared goals Revision

Learning

3) Problem Solving

Recognizing problems, planning

2. MEDIATING LEARNING PROCESSES
(Cognitive - Social Learning Processes)

N
Observation &

. Cogpnitive - Social .

Processes

3. OUTCOME: SEVEN EARLY CHILDHOOD
SW-Al COMPETENCIES
(Integrated Competency System)

1

Data

2

Comparison

2
“~. | Classifieation &
Pattern
Recognition

7
Digital - Al
Ethics

Integrated
Competency
Network
\ (Interrelated &

6 /
AlUnderstanding | Interdependent) !

Classification &
Pattern
_\_Recognition

1

3

Algorithmic

i i ifyi K s & Interaction Thinking
strategies, trying, modifying, [vesmmonicain T Sequencing & )
and solving \ RS Procedural —

\ , % Organization / > 5
5 5 4
4) Reconstruction Reasoning & Prediction & Problem Solving &
of Experience Logical Decision Making Improvement
Revisiting experiences, Thinking =
reflecting, and constructing
new meaning )
N ¥ N
i |
! |
| 4. FINAL OUTCOME: INTEGRATED DEVELOPMENT OF EARLY CHILDHOOD SW:Al COMPETENCIES THROUGH PLAY :
. I
H 1
- Integrated Development of ]
I - f
---------- Early Childhood SW-AIl Competencies meemmeaaat
Through play, diverse cognitive and social learning processes are activated
and interconnected, leading to the integrated development of seven
SW- Al competencies
¢=p Reciprocal Relationship ivat i O c Interconnection among Competencies ===~ Conceptual Association
(Bidirectional Influence) (Unidirectional Influence) (Processes/Characteristics/Competencies) (Mutual Support) (Non-hierarchical Relationship)

[Fig. 1] Conceptual Mechanism for the Development of Play-Based Early Childhood SW-AI Competencies
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