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[Abstract]

The purpose of this study is to develop a project-based Al convergence education program for secondary
pre-service teachers in order to improve their teaching competency in Al convergence education and analyze
its effectiveness. To this end, the content components of the proposed program were derived from previous
studies, and it was conducted in lectures, basic practices, applied practical assignments, and a personal project.
The program was implemented for 11 weeks, targeting 18 pre-service secondary school teachers who are
majors and minors in computer education at K University. A pre- and post-test was conducted on a single
group using the teaching competency scale for Al convergence education, and the post-test showed significant
improvement. The average score in the post-test satisfaction survey was 4.79 out of 5. In conclusion, we
discussed the educational effectiveness of the proposed program, the participants' self-reflection on their outcomes,
and the differences in the characteristics of the approach to Al convergence education based on each subject,
as well as suggested implications. Finally, considering the growth of Al convergence education, we proposed

to improve the education program for the teaching competencies as a future work.

» Key words: Artificial intelligence (Al) convergence education, Teaching competencies for Al convergence
education, Pre-service teacher education, Project-based learning, Problem-solving learning
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2. Research design and procedures
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Table 1. Research design

G 0, X
G: Experimental group
01! Pre-test (teaching competency scale for Al convergence
education)
X: Project-based Al convergence education program for
pre-service teachers
0,0 Post-test (teaching competency scale for Al
convergence education)
03: Post-test (program satisfaction survey)
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3. Measurement instrument

3.1 Teaching competency scale for Al convergence
education
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Table 2. Consists of the teaching competency scale for
Al convergence education and Chronbach’s a results
(N=18)

Area Factors Test '.\IO' o1} e el
items a
Al convergence Pre 0723
. education
Basic understanding 6
competency Post 0.858
group competency.
Al understanding | Pre 4 0.876
competency Post 0.956
curriculum/class | pre 0943
reconstruction 8
competency Post 0.934
AI-bas.ed learning Pre 0895
environment 10
Instructional development Post 0.912
design compet.ency
competency Educational br 0.884
aroup performance e .
evaluation and 5
feedback Post 0.866
competency
class reflection and| ppg 0.758
improvement 4
competency Post 0.869
. Pre 0.964
Total items Post 37 0.977

3.2 Program satisfaction survey
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4. Data analysis
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IV. The Proposed Scheme

1. Direction and overview
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Fig. 1. Al models provided by Entry (those
used in the proposed program are indicated)
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Table 3. Consists of the project-based Al convergence education program

Week Topics Contents
1 Orientation * Understanding Al convergence education
) Image # [Basic practice] Image classification
classification | * Understanding supervised learning and transfer learning
Video # [Basic prac.tice] Vidgo deter.:tion . . .
3 detection = Understanding learning design for Al convergence education (problem-solving learning,
project-based learning, etc.)
Text * Understanding the text classification algorithm
4 classification # [Basic practice] Text classification practice
# [Advanced task 1] Find text classification cases.
5 Text # [Basic practice] Text classification practice
classification | * Basic Use of Generative Al (ChatGPT, Gemini, ClovaX)
Number * Unde.rstandir.]g the linear regr§s§ion algorithm
6 prediction # [Basic practice] Number prediction
# [Advanced task 2] Find number prediction cases.
Number * Unde.rstandir.]g the K-means alggrithm (unsupervised learning)
7 clustering # [Basic practice] Number clustering
# [Advanced task 3] Find number clustering cases.
Personal » Personal project. . .
8 project * Understand what is required for the development of Al convergence education programs:
generating ideas, exploring case studies, and designing
9 Personal » Personal project
project * Understanding the operation of Al convergence education programs.
10 Personal » Personal project
project * Understanding the evaluation and assessment of outcomes following Al convergence education programs.
11 Presentation | Presentation of the results of a personal project

[Teaching methods] * lecture; # practice; P project
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Table 4. Comparison of teaching competency for Al convergence education (N=18)

Area Factors Test Des;:/lrlptlve stagsDtlcs z t p
Basic Al convergence education Pre 3.65 0.51 _ 5326 | 000w
understanding competency Post 450 0.46
competency . Pre 3.17 0.84
group Al understanding competency Post 426 0.82 - -4.892 .000**x*
Curriculum/class reconstruction Pre 3.61 0.76 _ 3812 007%#
competency Post 450 0.47 ) )
Instructional Al-based learning environment Pre 3.76 0.59 _ -4.386 000 %+
design development competency Post 4.46 0.48 ) )
competency Educational performance evaluation Pre 3.63 0.70 3371 _ 007
group and feedback competency Post 4.48 0.44 ) )
Class reflection and improvement Pre 3.81 0.65 _ 4183 007
competency Post 4.49 0.46 ) )

p: *x<.01, ***<.001
V. Results and discussion

1. Analysis of changes in teaching competency
for Al convergence education
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2. Analysis of the program satisfaction
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Table 5. Analysis of the program satisfaction (N=18)

Area NO' @ M SD

items
Lecture planning and operation 3 476 0.55
Lecture content 4 478 0.53
Integration of theory and practice 4 4.81 0.52
Student engagement and feedback 3 481 0.51
Total items 14 479 0.52

3. Analysis of Self-Reflection on One's Project
7iQl Z2AEO] AHEE0
PVl Ut AR A, w8 T2, Al TRAE,

glole SollA ERlo] 482 Fol

NS 5o] 2 B8, A Sl epggol B o
At 015]7]% vt BRolgick olS L Al G i
Ao BN w4 A7 Aol ST, 1EA
LEI/A AP ORF AL N shaE ay



Development and Application of Project-Based Education Programs for Pre-service
Teachers' Teaching Competency of Artificial Intelligence (AI) Convergence Education 259

4, Al g DG AU Bg e A, RSO A
TS 270 Al §RDS WA L M Aol 252 %ol

[&eiF A]
e iwapol cfet wSuy @ ek AAlo] chE FU ol
ZRgk g8 Al 99 BP0 8. U AFAS A
glo] B0 o, QFAIS2 BEste] YAl 2] HZ, ¥
H 58 52 ofo] & 3 Yolof &% FAo] et Z2F
stet gAI 5] ojaf ¥ 7R 4ol F1sa

(3915} B]
Sy p70) UF YR of2le H2TYL UEN GEF F
Al YTE)F 80| FBHo|oz, B2 TY Bl

el 4+ E7tx @A ).

[eir} C - Hjz402 558

- Y8 P (IR 2902 78 ek St o) &
8 s} Y 2 HEEY

VY S0]2 D8 2R, H4T 519U A2 AR)

!

ol

i J

iy

- 28 d70 §EE(LE Fuo §IEE £ol7] S5 6
OJEJSIONA] AFEE B8-S CHFSIAl et AES)

r G

OHge Al 7N S5 2 o olN 49 AR %

tlol8 =& &g Ul 71t A1 oaleld.

[3i7} D]
ojoj] 5 BB 325] SJof olojx|E T3k BN
KAl BRE SAF ok YA () Bol YAz
o] 2912 YA T oj9} FHE YE2 O] F-Eslef &Y

S8} opjeh A APAE FOIE FopITH Y2

£ A79] Aojatso] ofu] wYdolgly, T2AES X
AHEEol 29 agetolglong ‘w s Jubgrt 9
ool ogral A 3 % R Y8Rt
S/ Al A AL 7]
T AR AMeoldd Zlog FAHE.

H o

‘ =L AS
I58d &4

Kl

19,

VI. Conclusions

AFSeRolMe Al g3go] WysiHol uje) Al
$YLLS ANHOT WL WL £ U BLY
it 0|2 FAYL 4 Y LY U ofy] LY @3] cht
277F oA Qe olo] & ATolA: ols] U
Al §HILE TGS PUT 4 Y TRAE It
Al §¥Rg L2IMe RN 28 Z2asko] Rt
e 2] 98l FARE A Kojshne) ARE DS
A B2 AGTASIME'S 2745t 35 o
o] 59 180l MG3IT, wg m2 o] APH-ALE
o A §38 BAGFS HPYCL AT T2 0HE
= ZAIS Bl ANAQl RS0 Jj) ZRAE 5T
oA AR B g B3t

# AP0l Akt ofe] Y L8 e IMe Al
Nd @ eje 2o} G, B olshE Y 84 @
o} 78 A2 F5) Al 9212 olsheti, 98 UAiE §
o Lt 71 Al SAstel, HFA0 ol ZeAlE
g Fof ¥ Bg 2ol AASH Py aas
U 4 =S WANOR FRAC E3 S8 A
W R mRAlEL wat | 2AlAS Y3 Al 29
22 cloje] Aol ARstn My Frlo L
Sol, Lulo] AIZ §sHs o BRF Al of3) 2 colg]
A GY Pojo] Yot 1Y 27 230 J]eiat o] 9
o} glck. & A7) 2B U AAES cheu 2

A, Al SRS DAY WalE BT A, V)&
IFRAl GG ofs] UL, Al o3 At 47
GFBEEIWY/2Y AT 4. AL S8 &
A, B8 UL WS G 2R 2 I
ojepo] FAMOE QOsPl PYHAS S BAT 4 9
ok Al §%0g R4%Y ARt Al ofs] 73] L
8%, ol o & WWY APY L 499 A
NI SUS T oIk B AP ASHE Al §
PSS 9 o] BY LG L2730 T Q40 P
X Wgto] olo] Radickn & 4 9lck. ol $9) £ 18
22 I3g 0|23t os] 2US0l ¥ WYIHE Alet
Al ggm30] Ofgt 713 0|2 vz, sk wat
ZAlo] et Al §RRES WA 4, Wt U YA
2ol B8 ang /g & 9ee Juldnt

SA, meAE ofd APIYR 8 BAF 2wk
ofe] BYSE APIS0] WA Al §RLE L2 I3Ho]
S Luto] LEFIE Do) VA, Wit §o] A
5] ol2olAlS JAstn 98 & 2 9lolch ol



260 Journal of The Korea Society of Computer and Information

d2ol|5 it olg
gl £XIEI 2Holy F8T Al Brlat £ HlolElo]
WBMA sk Aol Al $ 4

ajo] et YR oJojR]= Zo= 3

Mo
8 %
:Oxl_l“
i)
o
19
:Oxl_l“
El
Y
>
o)
=
=X
%
rw
>

=
o
el
El
Ho
i
[
o
nx
)
i)
o2
i)
Y,
i)
1o
2
el
d
)
s}
Q.

=,
i
)
o9 r
e
12
Ho
> Mo
i<}
= 15
Mo
£
il
=
£

Holxbt e L8Tl0] HEAlel BaRgAlol. wat
1

S

o et Bt Ay
2o Al g8@30] chet BT 277t koo
S9e Y3t B8 L2020 WA A
g Al §2289) A-A3-T7lo] A o
2§ A7t Bastch w30 gt Al 88
o 70| Qg 7o oyH oz, DT S
SR

A5

7,
oX Rl mu
é‘4—I:lo|-|_|)~4'::‘l|_[_L|
\._\9_‘1‘1“30‘
Lo fr = el
o oz rr L A

g
i)
=M
>
Jo
odh
i)
>
l-uO
£l
o
o

=
o
o)
o

f

=
ot
e
4>
O,
rr
2 g
ma
>~
>,
L
U
s
(T
Fo
ol
o,
i)

n
=
re
re
-
=
x
l‘[[‘ 3
oS
2l
1%
ifte
of¥
o
b
El
Ho

=

J

o
10wy
fol

~|
ox
ox

Ir 1o

b2l
o
o
%’
>
)
N
ro
1o
rr ox
ook
o
o>
opi

oy
%
d
N
30
=
i
o
re
-
=2
]

i)
|o

o>
opi
rg hu
o

>
o
EOI'
Kl
do ofn

T
g

i)

ofxfel

—_ U){,

f ]
e
=
ol [a}
=
r IF
e

d

)

i)

Fo

ol

ol

{0

o ux o T

bl ol

2, o 0

=) Lo

‘-ﬁ N

T =
>
)L

s

ok e

g =

> oy

Noger

— flilo

N

=

L

ol

ok

=

P~

b

Y
~|

&

ne

bS]

)
2
x0,
=t
o
ol
i
f ]
o
22
a0
r
X OX,
=
>
re
o —H

salo] 77 glon@, chefet vl W
02 FE3 AU oAt

=)

S
=
ofm
)

>
2
L%
ok ro
Jton
P Log
2 e
re
-
Nod

oy

Bosit. Al g0 ojuje} WL A4AoR W
s 9 WAL olma, ol AT FT AT T2
£5) 2 A7olA AT Al §uE L0l Uote ¢
g 1 me o] x|4AQl AjMo] b estct

REFERENCES

[1] Korea Education and Research Information Service (KERIS),
“Research on notating Al terms in Korean for K-12 Al Education,”
2021.

[2] Korea Institute for Curriculum and Evaluation (KICE), “Concepts
and Uses of Artificial Intelligence (AI) in School Education,” 2020,
https://kice.re.kt/boardCnts/view.do?boardID=1500203 &boardSeq
=5050224&lev=0&m=030205&searchType=S&statusYN=W&pag
e=2&s=kice

[3] Korea Education and Research Information Service (KERIS),
“Global Al Education Policy Trends,” 2020, https://www.keris.
or.kr/main/ad/pblcte/selectPblcteRMInfo.do?mi=1139&pblcteSeq
=13378

[4] Ministry of Education, “National Curriculum Frameworks of
Secondary School Guidebook,” Ministry of Education 2022.

[5] S. Kim, T. Im, and J. Kim, “An Analysis of Research Trends
in Artificial Intelligence Education in Korean Elementary and
Secondary Schools: Focusing on a Comparison by School Level,”
Journal of Learner-Centered Curriculum and Instruction, Vol. 24,
No. 20, Sep. 2024, pp. 549-574. DOIL: https://doi.org/10.22251/
jleci.2024.24.20.549

[6] S. H. Baek, and J. W. You, “A Systematic Literature Review
Analysis of the Development of Artificial Intelligence Education
Programs for Elementary School Students in Korea,” Journal of
Educational Studies, Vol.55 No.2, pp. 59-83, Jun. 2024. DOIL:
https://doi.org/10.15854/jes.2024.06.55.2.59

[7] B. Go, Y. Hwang, Y. Jeong, S. Choi, K. Kim, and C. Lim,
“Development of an Educational Program to Enhance the Al
Convergence Education Competencies of Pre-service English
Teachers,” The Journal of Educational Information and Media, Vol
29, No 4, pp. 1037-1065, Dec. 2023. DOI: http://dx.doi.org/10.
15833/KAFEIAM.29.4.1037

[8] K. Kim, L. S. Jeon, and K. S Song, “Development of Artificial
Intelligence Literacy Education Program for Teachers and
Verification of the Effectiveness of Interest in Artificial
Intelligence Convergence Education,” Journal of The Korea
Society of Computer and Information, Vol. 26 No. 8, pp. 13-21,
Aug. 2021. DOIL https://doi.org/10.9708/jksci.2021.26.08.013

[9] J. Kim, and Y. Kim, “Analyzing Teachers' Educational Needs to
Strengthen Al Convergence Education Capabilities,” Journal of
Internet Computing and Services(JICS), Vol. 24, No. 5, pp.
121-130, Oct. 2023. DOIL: 10.7472/jksii.2023.24.5.121

[10] Ministry of Education, “National Curriculum Frameworks of

Elementary and Secondary School. Proclamation of the Ministry
of Education No. 2022-33 [Annex 1], ” 2022.

[11] H. Kim, “An Analysis of the Needs of Secondary School Teachers
on the Teaching Competency of Al Convergence Education Using
Mixed Research Method,” Master's thesis, The Graduate School



Development and Application of Project-Based Education Programs for Pre-service
Teachers' Teaching Competency of Artificial Intelligence (AI) Convergence Education 261

of Education, Ewha Womans University, 2023.

[12] H. Yoon, E. Park, J. Kim, and D., “Exploring directions of AIED
(Artificial Intelligence in EDucation) teacher education based on
a review of domestic precedent studies,” EDUCATIONAL
RESEARCH, Vol. 82, pp. 135-155, Dec. 2021. DOI: https://doi.
org/10.17253/swueri.2021.82..007

[13] D. Lee, and E. Lee, “An Analysis of Educational Needs on
Teacher Competencies for Education using AL” The Journal of
Educational Information and Media, Vol 28, No 3, pp. 821-842,
Sep. 2022. DOI: http:/dx.doi.org/10.15833/KAFEIAM.28.3.821

[14] C. S. Park, S. A. Kim, S. W. Kim, J. Y. Hong, and J. H. Park,
“Developing an Elementary Pre-service Teacher Education
Program Based on AI-TPACK Model for Designing Artificial
Intelligence Convergence Lessons,” The Journal of Korean
Association of Computer Education, Vol. 26, No. 3, pp. 15-29,
May 2023. DOL: 10.32431/kace.2023.26.3.002

[15] G. Park, S. Hwang, and J. Lee, “Development and Validation

Artificial
Intelligence Convergence Education,” Journal of Educational
Technology, Vol 39, No 1, pp. 315-344, Mar. 2023. DOL:
http://dx.doi.org/10.17232/KSET.39.1.315

[16] S. M. Drake, “Creating integrated curriculum: Proven ways to

of Teaching Competence Scale for Teachers’

increase student learning,” Corwin Press, 1998.

[17] H. Park, J. Kim, and W. Lee, “Derivation of teachers’ competency
for artificial intelligence convergence education,” The Journal of
Korean Association of Computer Education, Vol. 24, No. 5, pp.
17-25, Sep. 2021. DOI: 10.32431/kace.2021.24.5.002

[18] J. Lee, “Research on Educational Effect Analysis of Al
Convergence Education Subjects for Pre-service Teachers,”
Journal of The Korean Association of Information Education,
Vol. 28, No. 4, pp. 399-406, Aug. 2024. DOIL: http://dx.doi.org
/10.14352/jkaie.2024.28.4.399

[19] S. Yi, M. Yoo, and S. Paik, “Development and Effect Analysis
of Capstone Design based Informatics, Mathematics, Science
Convergence Education Teachers’ Training Course using
Attificial Intelligence for Secondary School Teachers,” The
Journal of Korean Association of Computer Education, Vol. 26,
No. 2, pp. 59-70, March, 2023. DOI: 10.32431/kace.2023.26.2.
006

[20] NAVER Connect Foundation, Entry, https:/playentry.org/

[21] G. Brookshear and D. Brylow, “Computer science,” Pearson,
2020.

[22] C. Kelleher and R. Pausch, “Lowering the barriers to
programming: A taxonomy of programming environments and
languages for novice programmers,” ACM computing surveys
(CSUR), Vol. 37, No. 2, pp. 83—137, 2005. DOIL: https:/doi.org/
10.1145/1089733.1089734

[23] Y. Kim, and M. Lee, “A Comparative Study of Educational
Programming Languages for Non-majors Students: from the

Viewpoint of Programming Language Design Principles,” The

Journal of Korean Association of Computer Education, Vol. 22,
No. 1, 2019, pp. 47-61. DOIL: 10.32431/kace.2019.22.1.005
[24] K. Cho, and Y. Cho, “Problem solving and learning design,’
Hakjisa, 2019.
[25] K. Chang, “Shall we teach with project based learning?” Hakjisa,
2023.

i

Authors

Hye Jin Yun received a Ph.D. degree from
Jeju National University, South Korea. She is
currently a research professor in the Institute
of Brain-Al-based Education, Korea National
University of Education (KNUE), South

Korea. She is interested in AI convergence education,

computer science education and computing curriculum.

Kwihoon Kim received the B.S, M.S. and
Ph.D. degrees from the
Institute  of

Korea Advanced
Science  and
(KAIST), Daejeon,
2000 and 2019, respectively.

Technology
1998,

u!(

South Korea in

Kwihoon Kim is currently a professor in the Department of
Artificial Intelligence Convergence Education, Korea National
University of Education (KNUE), South Korea. He worked
in LG DACOM 2000~2005. From 2005 to 2020, he was a

Principle Researcher with Electronics and
Telecommunications Research Institute (ETRI). He is
interested in AI convergence education, intelligent edge

computing, reinforcement learning and knowledge-converged

intelligent service.



