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ABSTRACT

This study aims to develop an Al-converged education program tailored
specifically to middle schools in the Gyeongbuk region, apply it in actual
educational settings, analyze its effectiveness, and suggest practical policies
for future implementation. Given the increasing importance of software
(SW) and artificial intelligence (AI) competencies, this study evaluated
changes in students' perceptions of Al and their computational thinking skills
through classroom application. Teachers' instructional competencies were
also analyzed, leading to recommendations such as tailored professional
development programs, assignment of 'Al facilitators' to individual schools,
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Sl drEE S and strengthened collaboration among schools, universities, and industry. The

Traeld SRR nSEMTICE findings underline the importance of systematic, locally tailored policy support
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STEARANTS (W to effectively integrate Al-converged education into schools.
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<Educational Curriculum Composition Plan to Cultivate
Basic Digital Skills and Computational Thinking>

Digital Literacy + Computational Thinking

For All Subjects

Information Subject
Education

Digital Specialty
Curriculum

« Use digital devices for
communication,
collaboration, and
problem-solving

« Develop basic digital usage
and safety awareness

« Strengthen digital ethics
and information
protection awareness

« Learn basic principles
of computing and
software

« Practice the process
of problem-solving*
using computing
thinking

« Understand the basic
structure and operation
of digital devices

« Learn data collection,
processing, and
utilization methods

* Learn artificial
intelligence and da-based
problem-solving methods

* Deepen learning through
advanced digital content
creation and application

Figure 1. Key contents of the 2022 Revised National Curriculum [2]
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Table 1. Definitions of Artificial Intelligence by Various Scholars

Scholar Definition
John McCarth Machines replicating human
Y thoughts/actions
Bellman Automation of human cognitive tasks

Feigenbaum and
McCorduck

Simulating human intelligent behavior
in computers

Creating machines capable of intelligent

Kurzweil
tasks

Stuart Russell and Peter | Human vs rational and thought vs action

Norvig dimensions of Al
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Artificial
Intelligence

Machine
Learning
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Figure 2. Conceptual Relationships among Al-related Terms [9]
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STEAM Integrated Education Learning Flow)

An emotional experience that ignites passion to tackle new problems
through interest, motivation, and opportunities for success

Challenge toward new problems

Instill interest and motivation in the field
of science and technology

Figure 3. Learning Criteria for STEAM Education [12]
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Category | Multidisciplinary | Interdisciplinary | Transdisciplinary
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Table 3. Analysis of Al Education Class Cases in Middle and High

School

Category

Details

Lesson
Topic

Middle School: Understanding principles of various
reasoning methods and writing basic algorithms;
comparing machine learning approaches
(supervised, unsupervised, reinforcement learning)
High School: Data analysis and visualization

Curriculum
Link

Middle School: Informatics (Grades 7—9)

— Collect and manage data using the Internet and
software

— Structure real-life information using tables,
diagrams, etc.

High School: Math — interpret real-life data using
graphs

Social Studies — identify and address social issues
Practical Math — data collection, organization, and
interpretation

Informatics — data expression, analysis tools, and
computing skills

Lesson
Overview

Middle School: Students explore the concept of
decision trees through familiar topics, using various
tools for implementation and simulation

High School: Students collect public big data,
process it using Python, analyze patterns, and
visualize meaningful results

Lesson
Procedure

Middle School

— Introduction: Use “20 Questions” to understand
decision—making logic

— Development 1: Learn how to build decision trees
— Development 2: Create trees with different root
nodes

— Development 3: Compare trees and evaluate
efficiency

— Conclusion: Understand classification and
efficient tree—building algorithms

High School

— Introduction: Explore the question “Is Jeju truly
the Island of Three Abundances?”

— Development 1: Collect and explore Jeju
population data

— Development 2: Visualize data using line, bar, pie,
and scatter plots

— Development 3: Process and share visualized
results

— Conclusion: Reflect on findings and interpret
insights
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Table 4. Al Convergence Education Program Based on Computational

Thinking
No Topic Activities Subject
Warm Build a speech—to—text system; Control
1 | Computing | lights with voice; Design your own Al ICT
System world
Al fqr Discuss nutrients; Plan an Al nutrition | Home
2 Nutrition . .
. system; Code and present the Al Economics
Evaluation

BT Alsld, 7144, feld Ae okt 91

g9 Wl wet, 7]2e| £ZES)0)(SW)

R Compare Al neural networks with

Al Artist or S
3 Not? human perception; Create Al-based Art
: artworks; Art auction

. Draw a chosen artwork; Use Teachable
4 Masterpiece

; Machine for style analysis; Make a Art
Al Analysis storyboard
Al C.OIO? Analyze colors with Al Select and sketch
5 | Planning in sl Art
Art artworks based on Al insights
6 Understanding| Identify Al ethics issues; Draft Al ethics Ethics
Al Ethics guidelines ¢
Al Enghsh Interact with Al speaker; Make and .
7 |Speaking with . S . English
Google review questions; Group presentations
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No Topic Activities Subject
Al-Powered | Prepare an essay; Use Al translation to .
8 . . = English
Easy Writing revise and correct your writing
Online . N . .
9 AI Poetry Write poems: ‘Vlsuahze poems using AL Korean
e Add images and music
Exhibition
Drone Control . . .
0 T Lot et o
Coordinates ¢ ’ P bp
Al Gas Model real-life situations with linear
11 Price S Math
functions; Code a fuel cost calculator
Calculator
Phy;ics via Explore free fall motion; Analyze it using .. .
12 Video Science
Tracker software
Tracker
Can We  |Examine ethical dilemmas in Al; Explore]
13 . . o ICT
Trust AI? consensus in autonomous driving
Al for Recognize facial patterns; Build Al-
14 . . ICT
School Life powered automatic door system
Exp lonvng Introduce Al books; Summarize themes;
Al Ethics . v .
15 Discuss ethics; Write and peer—review | Korean
through ;
reflections
Books
16 Al & Conduct probability experiments; Math
Probability Analyze Al interpretations of data
. Learn about data variance and standard
9
17 | Is Al Fair? deviation; Discuss Al data bias Math
How to Live |  Discuss pros and cons of Al; Read
18 Smart conditionals; Group writing and peer | English
with Al feedback
AL Good or Learn about deepfakes_i Explore ethics of| '
19 Bad? autonomous vehicles; Write and assess | English
: an essay
ng‘nan Analyze trolley dilemma; Examine Al | Ethics,
20 | Ethics vs. . . .
S surveillance issues; Group debates ICT
Al Ethics
Insights into ldentify ¢ lues: Di th 5
21 | AL Ethics entify core values; Discuss the need for| .
o Al ethics guidelines
Guidelines
Western
2 Ethical  |Discuss self-driving dilemmas; Conduct Ethics
Perspectives structured ethical debates ¢
on Al
Recognizing |  Understand expanded art concepts;
23 Alasan |Compare human vs Al art creation; Use|  Art
Artist? Al art tools
24 Alin Explore gender bias in AL; Discuss value | Technology
Everyday Life conflicts; Draft Al ethics guide & Home
25 CD;Srllgr:t?tgivi Collect local data; Visualize it; Create a| Social
p brand based on regional traits Studies
Local Brand
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Table 5. Experimental Design
Experimental ‘ 01 X1 02

O1 : Pre—test  O2: Post—test
X1 : Application of Al Convergence Education Program
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Desimaia Item No. of Items Cronbach's
Numbers a
Learner Perception N
Survey (1)~(10) 10 .942
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Knowledge &
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Com Community
pete Competency (13)~(16) 4 873
ncy —
Test Communication (17)~(20) 4 900
Competency
Aesthetic & Emotional 21)~(24) : 269
Competency .

2 Aol AF-EH AA| 347 2o ik AR e BA
ZAit= Table 63 2ot 2712, A4 &4
A ERE Q) SRR -7 WA 21 HESS

T




THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 28, Issue 12, 2025

ot A3 A78E 93l Kolmogorov-Smirnov 4% %
Shapiro-Wilk 7738 AAIS A3}, mE ol fo4
.05 o] o7 Aol FREL SRAM(5EA) 7t
A2 3Hol5l7] 93 Levene?] SEAM HAA o= G204
055 Z3fsto] FA49] Fa/do] 2l qlrt.

A}, g5AF 14 A 232] Cronbach's a #t
2 9E 1] w2 AAPS Bk 5 oA g7
% A== A71Ee 97 (.911), A
Al B 2] 7H(.833), oA AP ARH(.850), 3 5AH AT
2 7+ o 2H(.869) 0.2 L}
o 2z3519

S
w
>
mal
)
i)

2 ol

>
—

2

N
@
am
o
ox
=
o
—

-
od.
ofy
*w
)
jl
o
)
ol
fillo
n)
ox
[
S

>~
el

ol
>
)
i
%A
>
ot
ol
=
)
)
|m
=
=
D
=
la
g

or.

oo AT fo El
1%
ol
38,
2
>
R
o
>

oo M
g
il
do I
|E
i)
e
o >
2L ol
iy
my, =
- e
Lo e
re
-
2
>
:\é‘
T
e
o
o
)
olr

S
ES

Table 732} Zro] SHJ&9] 13215 5ol
%

2 x
e I T

WO oXorlo
2
lo
fru
o2
oz
"
32,
=
Am
ol
-
of
N
v

2 I
)
>
1T

I El o
)
>~

> OHTI oL o
2L
o ro

o)
-

oo md mx ol 2

Table 7. Pre— and Post—Survey Results on Students’ Perceptions of Al
Convergence Education (N=60)

No. Survey Statement Pre | Post

1 [ have heard about artificial intelligence (AD). 4.03 | 4.70

2 I have taken classes related to AL 3.66 | 4.61
3 I have used Al to complete academic tasks. 3.36 | 4.39
4 [ feel familiar with AL 333 | 4.13
5 I can explain what Al is. 3.03 | 3.70
6 I can use Al to complete assignments. 3.25 | 411
7 [ believe Al is closely related to our lives. 4.05 | 4.61
8 [ believe Al is useful in our daily lives. 4.00 | 4.56

9 |Ican distinguish whether a technology is Al-based or not.| 3.44 | 4.02

10 [ can solve problems using Al 3.16 | 4.08

E4, KEDI 7|8Fe] njzfsiy
247 EFo 2 FAAEHNS
Table 82} Z2t}.

Table 8. Pre— and Post—Test Results of Core Future Competencies
(Paired t—test) (N=60)

Sub-Factor Group M SD t p
Pre 3.64 1.08
SelfManagement ~2.264| .027*
pereney Post | 404 | .74
P . .
Knowledge & ¢ 396 86 "
Information Skills ~2420) .019
Post 4.28 .56
. A Pre 3.81 .85
Post 3.94 73
c . Pre 3.93 .87
Communey ~2.594| .012*
peteney Post | 428 | .54
C — Pre 3.93 .84
peteney Post | 432 | .61
P 3.96 .99
Aesthetic & Emotional N B
Competenc 112|136
pereney Post | 419 | .65
p<.05, ** p<.01, N=60
271H02, APl A4s FUIeR el ALE 2}
Zate] gk 71 o) mr} QWa) FRlsn A i B4
(ANCOVA)S AAJstedor, &3 37](Cohen’s d)& E35)
H3}ko] ofn] 5 FAIsHIt. 1 A= Table 99 2.
Table 9. ANCOVA Results and Effect Size of Core Future
Competencies
Sub-Factor F p Cohen’s d
Self-Management Competency 5.13 .027* 0.43
Knowledge & Information Skills 5.86 .019* 0.44
Creative Thinking Competency 0.78 .380 0.16
Community Competency 6.73 .012* 0.48
Communication Competency 7.60 | .008** 0.53
Aesthetic & Emotional Competency | 2.29 136 0.29

p<.05, ** p<.01, N=60
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Table 10. AI Convergence Teaching Competency Survey Overview (N = 39)
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Category Frequency (%)
Bachelor's 17(43.6%)
Education .
Level Master's or in progress 21(53.8%)
Doctorate or in progress 1(2.6%)
Computer Science 15(38.5%)
Mathematics 8(20.5%)
Teaching Science 2(5.1%)
Subject / -
Major Technology/Home Economics 3(7.7%)
Arts/Physical Education 3(7.7%)
Others (Humanities) 8(20.5%)
1 to {5 years 14(35.9%)
Teaching 5 to < 10 years 12(30.8%)
/Research 10 to < 15 years 1(2.6%)
Experience 15 to € 20 year 5(12.8%)
20 years or more 7(17.9%)
Experience in Yes 19(48.7%)
Al
Convergence No 20(51.3%)
Education
Al Education Yes 24(61.5%)
Training
Received No 15(38.5%)
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Table 11. Results of the AI Convergence Teaching Competency Scale

(N = 39, Likert 5 point scale)

CGomponent | Comporent | No. Item Description Mean
1 I can explain the concept of Al 38
convergence education. ’
2 I can explain the necessity of Al 38
convergence education. ’
Underst -
anding | 3 I can describe concrete cases of Al 33
of Al convergence education. :
Conver 4 I can explain the main roles and 34
Basic E%ence_ importance of Al in school settings. | ™
ucatt
Compe on 5 I can explain the impact of Al on 36
tency society, schools, and individuals. ’
Domai . -
n [ can explain the importance of Al
of 6 | ethics based on ethical issues related | 3.7
Al to Al use.
Conver 7 I can explain the concepts and 38
%che characteristics of artificial intelligence, ™
uca
tion I can explain how Al perceives,
8 reasons, and learns (e.g., sensors, 3.6
Underst rules, learning models).
anding [ can explain core computer science
of Al 9 concepts in Al (e.g., algorithms, 3.5
coding, data structures).
[ can explain core data science
10 concepts in Al (e.g., collection, 35
analysis, modeling).

42



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 28, Issue 12, 2025

CGomponentt | Component | No. Item Description Mean
1 I can redesign the curriculum for Al 33
convergence education. :
1 [ can select Al-relevant content from 38
subject areas. :
13 [ can set learning goals based on 36
curriculum standards. :
14 I can design lessons based on students' 36
prior knowledge. ’
15 | Lcan apply student—centered methods 35
(e.g., PBL, discussion). :
. [ can develop engaging activities and
Curricul | 16 materials. 35
i T can relate Al L-if
nstructi can relate Al content to real-life
Conver | = " 1 17 situations. 37
gence :
Design 1g | Lcan foster thinking and problem- 37
Compet solving through AT tasks. :
enc
Y [ can prepare learning environments
19 . 4.2
in advance.
20 [ can find multl[medla resources for Al 44
€ssons.
21 [ can handle technical issues during 40
Al lessons.
22 |l can address ethical and data—related issues.| 3.8
23 [ can use Al tqols and materials 38
ethically.
24 I can prevent bias in Al learning 35
content.
[ can promote engagement
25 by adapting to online/offline 3.9
Al Al environments.
Educati | Educati 96 | L can help students with difficulties | , 9
b on b on during Al lessons. :
esign esign
Comiet Comiet 97 | Tean guide students based on their 3.9
ency ency level and interests. :
78 I can support both focus and 37
collaboration in class. ’
[ can develop a process—based
99 | Assessment plan for Al convergence 37
Learn education. (linked to performance— | ™
ing based tasks)
Out 30 I can select tools to assess students’ 37
come understanding (e.g., rubrics, portfolios).|
E;ilrl: 31 I can evaluate students based on 38
& predefined assessment criteria. :
Al Feed 3 I can create assessment items of 35
Conver | back various levels and types. ;
SSI&CCZ 3 I can provide appropriate feedback 38
tion based on students’ learning outputs. | ~
Evalu I can reflect on the planning,
ation 34 development, and delivery of Al 3.8
Compe convergence lessons.
tency - . ;
D [ continuously strive to improve my
oma 35 | teaching expertise in Al convergence | 4.1
mn Iiesslon education.
eflec
tion & [ can participate in various
Impro | 36 professional development programs 19
vement (e.g., training, workshops, graduate |
study).
I can share my developed Al
37 | convergence lessons in various ways 33
(e.g., open classes, PLCs, papers) for| ™
improvement.
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