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iy | BAHZ Fo3HA
ey, 8= dolHrt dAgteE @rbdel 7 AEAT. 1y
Fhol Al AR B HE A7]9 F¥S Bo] v SAF o
Sk v S wo] wholgk7] o (Smith & McMillan, 2001), F7F4 <l A3 =
AgE A Fud a7t Uk oW FholAlw e AFLEE e Tt
& FholAF FH(XYdr)ol 19392 71=3ks] 28 Fomw Agrert o
Ittt B 4 vl w3 CFI(Comparative Fit Index) kel 0.960,

TLI(Tucker-Lewis Index) %ol 0.950°]1t}. RMSEA %9 A% 0.065
o], 90% AlZ kel AghAde 0.0800]UA Tt 3 SRMR < 0.0432
2 Yelgoh 9wtz o2 CFI TLI #kel 4% 0950 o]4< uf, RMSEA
$} SRMR2 0.060 ©l3tY wf g7t £& Aow |43t wakA o
AFelA AREE Al & e G

<E V-15> Al 9% A% 29rgo HAFgE x5

RMSEA
2 2 I TLI
Xdf) X*/df CF L (90% A7) SRMR
164.839°**(85) 1.939 0.960 0.950 0.065 0.043

(0.050~0.080)
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<HE N-16> Al 93 A= 2du2ge] A4 =4

(
=

3 AATF
N E 3 ¥ 73}
i — Al 71 o8} 1.000 0.759
S = Al ol L0557 089
— Al #5448 olg 1110 0.787
Al 38— A B ey 1.000 0.777
wANE - diolEl #H A 1.038" 0.867
TH — Al 9925 59 1.0317 0.759
Al &8 — 71 ZRIY4Y 59 1.000 0.659
Ad-ALE - AH §3 5 1.155™ 0.797
T4 -  Zdz A 5 0.962" 0.733
AL e -  AAA P} 59 1.000 0.748
gt ma A% 7t 5 0.887" 0.697
- 84 37 9 0.947* 0.791
- AHEE g 914 1.000 0.716
Al &2 — #8070l 0.911" 0.669
— A9 o4 0.910" 0.708
o Al 71% o]3) 1.000 0.878
— Al 8¢ FAHZ2 59 1.0927 0.978
Al 9% — Al && A7 708 59 1.081%* 0.983
— Al & 37} 59 11137 0.954
- Al -2 1.038" 0.969
= p <001
_ 59 -
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4) Al 9% HE9 A=

O:IE]:

Al Aue AHE AFE 8 T UA A A%
(Cronbach’s alpha)E& At=EstSth 2 A3 AA] &3¢ A2Exs 0.957,
Y9 AP EE 0.797~08300. 2 EF 43I ArH<E V-17> F
Z). A o] Ao AlgslE Al 9% HEE AR Ao I}
ol & At}

<E NV-17> Al 9% 2z A3e
3} 3Q
ALz TESCALES e
TAHE AT Al &4 =7
o3l 97} 5
58 %y
A FE = 0.880 0.880 0.839 0.849 0.797 0.957
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o] AtolA A% 27T shged, Al 9=, FoH Ala o7 7F
o] #AE Felslr] 98, Pearson AENAAGTE 835t HJHAEHS
A A 3R

nge e A%
==

s 2=
1
T ghsF

2 0.408% »} ka1, o] %ﬁl?ﬂﬁli frel kA tHp<.001). A71F= o
weH dAet Al Ao shelde 2 F#S 0327~03762.2 EF 5
AR L frefster (p<00l), 01 Al &8 TASAE TH e 3
o] 7hE =2 ZAoE YEuth 3 Al A% Ak A St H
o] 919 1 dHe 0340~03R2E BT FAHOR fojsion
(p<.001) ol ‘StapA’zhel Aol M wokth B3I A7|FE Sty
wHe] sl gAd Al G| stede b dwE 0273~03702
Bl 25 A o= #28 tH(p<.001).
<E V-2> AVFE SHTEa Al 9 3 g
A7)
Suvd Sy 5 34 971 A A
Al i3
Al 7] o3 0.320"" 0.346™ 0.333" 0.370"*
Al 8§ #4302 0.305"" 0.360 0.352"" 0.376""
Al 28 7% 03067 0.368 0.327" 0.369™
Al 28 %7F 58 0273 0.281" 0.326™" 0.327"*
Al £ 0.293" 0.326™ 0.345" 0.357""
A A 0.340*** 0.382™* 0.381"* 0.408***
* p <001
— 6’7 —



8>3 R AV FE 55 d AAs)
< 03598101 o= FAHOE
AAsh FelA Aa oarel skl 7 4

2% 2 oA p<00l). olul A7FE SHrseel 5919
o % s e Aol g BA UEbT £ A7FE G4
2ol a919elst B4 A olwel S99 1 AR 02500332
o= BT EAM O o5 ATHp<00). ol ‘T A5 2
ol 4% %A vebat
CE V3> AVFE Sen B4 AL A% 7 4R
AT
I G e I I E
A g
1A 0.290"" 0.251™ 0.315" 0.320**
44 0.283" 0.310" 0.261" 0.317*
R 0.250"" 0.332" 0.275"" 0.316™*
A A 0.310™" 0.336"** 0.320™* 0.359**
“* p < .001
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mpzluto 2 Al Ayl FolA Ala o FHE <E V4> 2
Tk Al g dAe FeA Aba o= S 0392 A%
= o Ath(p<001). Al o= dAet i g 9y
P AHE 0342~03618 BT SAHoR FoFom(p<.00l), o5 ‘&
YA’ o] Aol 7HE =Tk g oA Ata A dAS Al 9F
o a9 7k AHe 0207~0411%7 ¥ EAZFHOR fHFglow
(p<.001), ©lF ‘Al 2§ H7} '3 Fvbo] 7H vrar, ‘Al 7% 9]
g’ ete] kel 7RG =tk ES Al dFe] 9 AR FeJA Aba
Ao sl 7 FHe 0216~0.336o2 =
tHp<.01).

-
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)
o
fru
Ho
1o,
ol
R

<& V4> Al A el Aban 9 3t g

Q 5l Q. 519
aan amop prea A ED A
A 0.362"" 0271 0.288"" 0.281"" 0.331"  0.347™*
Z A 0.386" 0.284™ 0.329" 0.216™ 0.290""  0.342™*
g 0.343" 0.284™ 0.311* 0.298" 0362 0.361***
Z A 0.411**  0316™*  0.349"**  0.297** 0.369"** 0.395"**

p < .01, "™ p < .001
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Abstract

The Effect of High School
Students’ Self-Directed
Learning on Creative Thinking

through AI Competency

Yejin Kim
Department of Education

The Graduate School

Seoul National University

The ability to engage in self-directed learning, which involves
planning and practicing one’s own learning processes, has long been
of Interest due to its role in enhancing motivation and enabling
effective and sustainable learning. In contemporary society, this ability
1S Increasingly emphasized as a core competency. Unlike the past,
when knowledge acquired during school years was sufficient for a
lifetime, the rapid and complex changes in modern society, such as
digital transformation, necessitate lifelong learning. Consequently,

students should develop self-directed learning ability. Additionally, Al

- 127 -



competency 1s emerging as one of the key abilities in the Al era. To
adapt to the rapidly changing society due to the emergence of Al,
understanding and effectively utilizing Al is essential. Another core
competency in modern world is creative thinking. Creative thinking is
indispensable for effectively solving the complex and multifaceted
problems of modern society. Especially in the current era, when
convergent thinking that crosses boundaries between fields 1is
emphasized, creative thinking is considered even more important than
before.

As such, self-directed ability, Al competency, and creative thinking
ability, which are the core competencies of the Al era, have garnered
significant attention, with extensive research conducted on each.
However, studies analyzing the structural relationships among these
three variables remain insufficient. Therefore, it 1S necessary to
empirically examine their structural relationships based on previous
studies, This study aims to analyze the structural relationships among
the three variables using Structural Equation Modeling. Specifically,
the study hypothesizes that high school students’ self-directed ability
and Al competency influence their creative thinking. The research
questions are as follows:

1. How does self-directed learning ability of high school students
affect AI competency?

2. How does self-directed learning ability of high school students
affect creative thinking?

3. How does Al competency of high school students affect creative
thinking?

4. Does Al competency mediate the relationship between self-directed
learning ability and creative thinking?

To address these research questions, the study followed the
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methods and procedures below. First, the ‘Self-Direct Learning Ability
Scale’ developed by Kim (2021) and the ‘Al Competency Scale,
developed by Baek et al. (2024) were revised and supplemented,
through the validation procedures. The Self-Directed Learning Ability
Scale consists of three subdomains: Learning Plan, Learning Method,
and Learning Evaluation. There are three scenarios per subdomain
and three items per scenario, thus 27 items in total. The Al
Competency Scale 1s composed of five subdomains: Basic
Understanding of Al, Al-Based Problem-Solving, Al-Based Research
and Development, Al-Based Evaluation, and AI Ethics. Each
subdomain consists of three sub—elements. The scale includes one
scenario per sub-element and two items per scenario, 30 items in
total. Both scales demonstrated adequate construct validity through
confirmatory factor analysis and reliability through Cronbach’s alpha.

Next, data collection was conducted among students at a A high
school in South Korea. Responses from 190 students who completed
all assessments were used for SEM analysis. To clarify the causal
relationships among the variables, the Self-Directed Learning Ability
test was administered in September 2024, followed by the Al
Competency test in October, and the Creative Thinking test in
December, using the ‘Creative Thinking Scale’ developed by Baek et
al. (2017). The collected data were analyzed using descriptive
statistics, correlation analysis, and SEM to examine the structural
relationships among self-directed learning ability, Al competency, and
creative thinking in high school students.

The key findings of this study are summarized as follows.

First, self-directed learning ability positively influenced Al
competency in high school students. The SEM analysis result showed

that the standardized coefficient for the effect of self-directed learning
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ability on Al competency was 0.439 without setting control variables
and 0.430 when parental education level and academic achievement of
previous semester were controlled. Both were statistically significant
(p<.001).

Second, self-directed learning ability positively influenced creative
thinking in high school students. SEM analysis revealed that the
standardized coefficient for the effect of self-directed learning ability
on creative thinking was 0.257 without setting control variables and
0.243 when parental education level and academic achievement of
previous semester were set as control variables. Both were
statistically significant (p<.01).

Third, Al competency positively influenced creative thinking in high
school students. The standardized coefficient for the effect of Al
competency on creative thinking was 0.316 without setting control
variables and 0.301 when parental education level and academic
achievement of previous semester were set as control variables. Both
were statistically significant (p<.001).

Fourth, AI competency mediated the relationship between
self-directed learning ability and creative thinking. The total effect of
self-directed learning ability on creative thinking is comprised of the
direct effect (self-directed learning — creative thinking) and the
indirect effect (self-directed learning — Al competency — creative
thinking), estimated by SEM analysis. Using bootstrapping, this study
confirmed the statistical significance of these effects. In the model
without control variables, the standardized coefficient for the direct
effect was 0.237, and for the indirect effect, it was 0.122, both were
statistically significant (p<.05). In the model with control variables,
the standardized coefficient for the direct effect was 0.223, and for

the indirect effect, it was 0.112, both were statistically significant
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(p<.05). Indirect effects through Al competency accounted for
approximately 34.0% of the total effects (33.3% with control
variables).

Fifth, the relationships among the major variables and the
mediating effect of Al competency remained statistically significant
even after controlling for parental education level and students’
academic achievement in previous semester.

So in conclusion, this study demonstrates that self-directed learning
ability positively affects Al competency and creative thinking, and
that Al competency also positively impacts creative thinking,
regardless of control variables. Additionally, Al competency partially
mediates the relationship between self-directed learning ability and
creative thinking. This study holds significance by empirically
analyzing the structural relationships among self-directed learning
ability, Al competency, and creative thinking, which are core
competencies in the context of the Al era, thereby contributing to a
more detailed understanding of mechanisms for development of core
competencies. Consequently, the findings suggest that the educators
should devise strategies to comprehensively enhance these three

competencies.

Keywords : self-directed learning, creative thinking, Al competency,
core competency, structural equation modeling,
development and validation of scale
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