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[Abstract]

This study analyzed HCAI elements in Korean secondary Al system design-based education and
proposed educational design directions. A scoping review and document-based content analysis were
conducted on 45 articles published in KCl-listed/candidate journals from 2021 to April 2026. Findings
showed that programs were STEM-oriented and project-, inquiry/practice-, or problem-solving-based,
while HCAI elements were concentrated in the properties dimension, especially performance and result
verifiability. The limited presence of user- and context-based problem framing, fairness and inclusion,
and safety, privacy, and harm prevention suggests the need to connect user problems, human activity

support, value and risk judgment, and explanation, modification, and re-verification of Al outcomes.
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I. Introduction
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II. Theoretical Background

1. AI System Design Education
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3. HCAI Framework for Al System Design
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III. Methods

1. Research Design
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Table 1. Research Procedure

Stage Procedure

1 Set research questions and analytical scope
Define eligibility criteria and search strategy
Search literature and remove duplicates
Screen titles, abstracts, and full texts

Extract study characteristics and HCAI evidence
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Develop codebook, code, and analyze data
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Inclusion and Exclusion Criteria
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Table 2. Inclusion and Exclusion Criteria

Category Criteria

- Korean secondary Al system design-based
education

- Student construction or application of Al
models/systems

- Use of data in Al model/system design

- Sufficient activities, assessment, or products
for HCAI coding

- Concept introduction, career guidance, tool
demonstration, or simple practice only

- Digital/data activities without Al model/system
design

- Insufficient information for HCAI coding

- Non-secondary or inseparable mixed-level
samples

Inclusion

Exclusion

3. Literature Search and Selection Process
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Fig. 1. Study Selection Flow Diagram

4. Data Extraction, HCAI Coding, and Analysis
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Table 3. Data Extraction Categories and Items

Category Item
Bibliographic data

Educational context

Author(s), year

School level, subject
Objectives, teaching method,
design model, Al model/tool,
implementation

Research type and method
Learning activities, assessment,
and products

Program design

Research design

HCAI evidence
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Table 4. HCAI Analytical Framework

Dimension Sub-elements

User- and context-based problem

Purpose framing / Human capability augmentation

Fairness and inclusion / Safety, privacy,
and harm prevention / Human and
social well-being and the common good

Values

Understandability and explainability /

Properties Controllability and modifiability /

Verifiability of performance and results
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IV. Results

1. Study Characteristics
1.1 Distribution by School Level and Year
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Table 5. Distribution by School Level and Year

School 21 99 23 24 ‘25 ‘26 | Total
level

Middle 2 0 4 9 9 2 26
school

High 2 5 7 4 1 21
school

Total 4 2 9 16 13 3 47

1.2 Research Methods
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Table 6. Distribution of Research Methods

Research method N
Mixed-methods research 19
Quantitative research 17
Development/design research 6
Qualitative research 3
Total 45

2. Program Design Features

2.1 Educational Objectives
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Table 7. Distribution of Educational Objectives
Category Representative expressions N
Subject learning Sub.Ject learning, Iacademlc
achievement, subject 16
outcomes .
competency, learning effects
Al literacy and Al literacy, Al competency, Al 15
competency understanding, Al awareness
Creative Creative problem-solving,
problem-solving problem solving, creative 13
and collaborative | thinking, collaboration,
competency convergent thinking
Affective learning | Self-efficacy, interest, attitude, 10
outcomes satisfaction
Cqmputatlonal Computational thinking, digital
thinking and . . . .
digital literacy, information-processing 8
9 competency
competency
Data literacy and | Data literacy, data analysis
data analytic competency, data analysis 5
competency attitude
io-ethical . . .
Socio-ethica Sustainability, ecological
values and e .
itizenshi sensitivity, environmental 4
¢ A € S. P attitude, Al values
orientation
Total 71
2.2 Subject Areas
Ae ot ol ARAL 99 187, 7138 3o
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Table 8. Distribution of Subject Areas
Subject area Included subjects N
Informatics/Al | Informatics, SW, Al convergence 18
Technology/en | Technology, power facilities, 15
gineering electronic circuits
Science Science, chemistry 12
Mathematics Mathematics, Al mathematics 9
Social studies, Korean language,
Others ethics, music, library studies, 9
home economics
Total 63
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2.3 Instructional Approaches
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Table 9. Distribution of Instructional Approaches

Instructional approach N
Project-based learning 17
Inquiry/practice-based learning 16
Problem-based/problem-solving learning 10
Design thinking/design-based learning 5
Other instructional strategies/specific models 7
Total 55

2.4 Al Implementation Tools
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Table 10. Distribution of AI Tool Types

Tool category N
No-code Al modeling tools 19
Block-based Al/coding tools 17
Physical computing tools 14
Data science tools 12
Text-based coding tools 6
Total 68

3. HCAI in AI System Design Education
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Table 11. Distribution of HCAI Elements Based on
Multiple Coding (N = 45)
Dimension HCAI element N sz(ta(loﬁo)
User- and context-based 1
Purpose problem framing 21/90
Human capability 10 (23.3)
augmentation
Fairness and inclusion 3
Safety, privacy, and 7
Values harm prevention 27/135
Human and social (20.0)
well-being and the 17
common good
Understandability and
. - 16
explainability
. Controllability and 73/135
Properties | gifiability 201 541
Verifiability of
37
performance and results
Total/Max (%): Dimension total divided by maximum
possible codes; Max = 45 X number of sub-elements
in each dimension.
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