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Abstract This study was conducted with the purpose of developing a checklist of questions to measure
middle school students' Al capabilities. To achieve the goal of the study, literature analysis and question
development Delphi survey were used. For literature analysis, two domestic studies, five international
studies, and the Ministry of Education's curriculum report were collected through a search. The
collected data was analyzed to construct core competency measurement elements. The core competency
measurement elements are understanding of artificial intelligence (5 elements), artificial intelligence
thinking (5 elements), utilization of artificial intelligence (4 elements), artificial intelligence ethics (6
elements), and artificial intelligence social-emotion (6 elements). elements). Considering the knowledge,
skills, and attitudes of the constructed measurement elements, 31 questions were developed. The
developed questions were verified through the first Delphi survey, and 10 questions were revised
according to the revision opinions. The validity of 31 questions was verified through the second Delphi
survey. The checklist items developed in this study are measured by teacher evaluation based on
performance and behavioral observations rather than a self-report questionnaire. This has the

implication that the level of reliability of measurement results increases.

Key Words : Al competency, Al core competency, Al competency measurement, Al checklist, Al core

competency of middle school students

"HAIKIXL : 0]2%(lec3918@bu.ac.kr)
M4y 20244 58 208 XY 20249 05% 31Y  MAIABY 20241 06¥ 10Y



50 MSQIHUg=E=2X| H10# H3Z, 2024

A A ?Pioﬂﬂl %ﬂﬂs& "ﬂak—ol Zﬂi‘_%ﬂi ATk

=2l YoM IsAsol thet HAol =
Q]—_Q.‘E]—.‘:_ 7-15',]— 6‘1—7}1] Q]
A5 AAlel tie w5k BESHA =L A4

Ed3] w8HE 20224 SIEES 1A o]—-—- Aol A
ATASS AP TLIA = Fo}ﬂz 5 ohy
o] QB AlE & &8-S F45k= ‘%}OJ% L3
Zr. 56| Sk ﬂiluql AEIPGA QAB AT
A¥Aor Wtk W8S T Z=H, HFE A
28, Holy, dxeEy Z2aHY, A3AE, HAE
23} 5719] @ BoiA QT AE BAH VeSS
A¥H 0w WHshy] AAsiM BASIHIHS]. olet FA
WEHE 20239 IFAS 7l&o] A8H ‘:l g nat

AE 2025858 A 283t 2028W e Ay
oA =dtttte Ag= THESIHHO]

O|AH IBASZ WA= v 2 FHZ e
H, A5AE AHE dobd JAES 253 A% =
5 AL WL k. 5E3] JIEAS AldiE Aot
7he dAIECIAl Zagt %EOH sl okt =29 st
I Aok golA EAlsiEY, el A, ‘SEM At
i, ¥ 58 5 oSt ‘E"‘%“EE- AAIEHH,
A9 AVl sl =2fstal AeH3I. ol9t % %
oA AZAsT AHH oz B0l A ATAS
A, A 2EEA, [ISAls % 5ol Hiet =9i=
A o]FoIA|AL 7). T AYAFEEZ AWEH
AEA 5T Aoz B0l e Tl et =2
7t &3] o]FojA AL Sl |A AEAE] HEE
AE Aefske A0l aLl8], %Xl% 2lEl A2k
Aol 4 2458 719ske Ad+=0l AH9](10],
ATAE 2EAI}E gF2 % ﬂ% =7Ee A
ol d7E0] SFEATHI2]. ABAT F A3A
AT S4e ML A= HAuEE FASHYS
Joz A A dFe 5 X

_I

[©)

L

Criy
A1
2]

T o

;F‘.: oll‘

AHIIZ, AFFAA
59 7, A
A, A, WA S8 AR
. ofelet AEA ﬁww 24 579 e v
thelt} 7 0]9 ek 7
4249) Q40]7] thgolct
oA HAS Sle) ke
A masiHl, el S T8S AN ofF A
B A%E YA 240 Wasty] gEoltH13). ot
YA AFLE 2% WAl AR 4] AEolg)
,‘:_1:1] 0:]1%]:_0_ .é_x—]ﬁ].,‘:_ l:ﬂ— _gi x]-7]y__‘]‘r_/ﬂ jé—-&_—% =
%3 Aao] A=o] FHHQ Aol e Aoz B}

)\

S S Atk IF2 FoE T 5 Qe s TRiE A
HogA ST 7MY et SHS L S AW
Holcth oo QIFAE HUAFS A7|HA] HdE B
o= wARe] TES suto g 3}% F3o] et A=

AE HRAo| ¢ A-E5 Aog
AT FAO] AFAS 104%»% 243 4 9

B NS EEES SRR eI PO
S35 FoMde de= oF o= 2022 /WY wS3t
& AHEE FotuiE leAlsol tetk A4 Vs
J2al o] s ASH R washe A7l [B],
Z5 APl AEAEe 71t 712E Rt
FOHUFEE AT U e& o1 Al
3171 EH—Er | A5As HUAFZ At AVl S

571 wjzolct.

K

29 24 1A% 3 g
Weki, 74 o] tiet 24 2L stk A
5 Yo A dvfol2 FoA ey A% L 4
2 systdch 99 £ B4 4% 29 74
shoict

22 28 24 W



o Al syl

o
G

I

95t HIAAE 28 Y 51

=0

T4 840 4A12S FHAT oo 28 &
2E YRWROEYRUN LFSH: RISSE AEF

Ak A2 AL S ABAS WA I A|9ew
A, 28] B9 SU5e theos 9F 4w

3L ScienceDirect@} ERIC, SAGE journalsg ©o]-&
ot 351, “artificial intelligence+capabilities

olgstel Systolet. 1 Aw sHo

2 590 29 B4L B4 A3AE A
F 54 84S FHNAL, 34 220 ot £ A
39l

+measure’ &

2.3 WO TAF

29 242 B THE S0 9o A3AE
W4 A 24 AZAE £ HaHE J4 A
27} Wsjol Sgstgict. Wutoli 23jo AAA Ay

o
)
N

Vi skl 544 3 asEel AR
Azstglon, 45 ¥
AgeISHct, 27 oto] ZAMIE 45
Fo9a, 24 o Sustel A%

_(‘)_p‘

© & o
Eu)
0.

ni

It il m[o m[o

O_)E O_>C4 r—|-4 O_L4
o
38
o

do e o dd

mro'
-

duto] A ’é}oﬁ} 2 5o, dutolo]

ot A7k AsAs LS 2%,

o
op

[¢]

A0E g ’if}‘:ﬁ O 5 oJ3lel 49 % J Aoz ATt
AR/HES) ojzlol ASHE YEg o
8], 19] 7hesS AEFES oA 9] HETt &
2 Ao 4, 0.75 oAl A Yot Ao 5
A3t

a2t
H, 29| =& 59, WSH9 wS%
t}2-9] Table 13 Zo] 4345 £4

(Table 1> Al element

Research Parent element Child element
Al use and exploitation, Al
Al Literacy knowledge and understanding, Al
detection, Al ethics
Carolus, ets Al creativity
4] -
Al self-efficacy Al problem—soly\ng skills, Al
learning
Al Confidence |Al persuasion, Al emotion control
Knoth, ets General Al literacy, Domain—specific Al literacy, Al
[15] ethics literacy
Laupichler, ets | Utilizing Al technology, Understanding Al concepts,
[16] Understanding Al principles, Al future prospects
Digital knoyvledge Smart device knowledge
and skills
& s | O s g | Ut f ol Ges
Choi & Jeon Engagement clp !
9 communities, Self-expression
Digital recognition digital thinking
Digital emotions Digital agt\thy values, d\_gltal use
ethics, self-regulation
Al perception, Al theory,
Al concept Al-related research, strengths
Ryu & Han and weaknesses of Al
[11] Al's physical behavior, perception
Al real - S
and communication, Al utilization
Impact of Al Social Impact, Ethical Issues in Al
Koagdiets Al cognition, Al emotion, Al sociality, Al metacognition
Laupichler, Understanding, Critical approach, Practical use of
ets[12] technology
computing system
Data collection and management,
data Data structuring and
interpretation, Data utilization
Problem abstraction, Sequential
Ministry of Algorithms and data storage, Functions and
Education Programming debugging, Structuring problem

[5] solving

Concepts, Characteristics,
Systems, discovering problems
that can be solved by Al, Solving

Al problems using Al, Minimizing
problems caused by data in Al
learning
AFPATof A AAIGE 448 2A4sto] 571 9

o 26719] 7+ 245 E%ﬁ}ﬁr:}. a 7&?}% Table
29} At

(Table 2) Al Component

Subfactor Component
Understandin Concepts, Characteristics, Principles, Structuring and
Al 9 interpretation of data, Understanding Al systems,
Understanding Al technology
Decomposition and abstraction of the problem,
Al Thinking |Sequential data application, Functions and debugging,
Structuring of problem solving, Algorithm design
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Subfactor

Component

Utilization of Al

Discovering problems that can be solved with Al,
Solving problems using Al, Exploring Al technology
applicable to life, Utilizing data

Awareness of the impact of Al, Future prospects of Al,
Exploration of solutions to ethical problems of Al,

Al Ethics Ethical reflection on Al technology, Pursuit of ethical
use of Al, Critical approach to Al
Al Social Al emotion contr_ol, Al and cooperative_attitude, Al
Emotion seh‘*regu\atlo_n, AI career explo_ratlon, Al
communication, Al self-efficacy
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{Table 3> Results of the first Delphi survey

Measurement element Question
Convertgence Consensus Convertgence Consensus
0.25 0.90 0.3 0.85
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(Table 4> Results of the second Delphi survey
Measurement element Question

Convertgence Consensus Convertgence Consensus

0.20 0.95 0.20 0.90

1 A3, ziP ﬂ‘ﬁM ZAA &7 940 tishA A
2, 9% 0.952 EgSt Ao E et
%E 0.20, ¥olx= 0.9002 EYst A

o8 Uehglth
3.4 8= 3¢ 23 =¥
12+ dnto] A3kg vrgate] 2%, 39, 79, 124, 15
9, 16M, 194, 219, 229, 319 £& $45HL, 2
A dnto] 2AME F8IA Big el deE HE =32
570 B9 31709 B FAHUL, =39 W82
theh Ao
2ISXls OfaH
1. &R oot &2 181 &8 YA9== 49T
4 ol
2. AT K@, ded §)e TSR, 72
ABAEY] 54 49T & At
3. B S Hojol §l HAEES A2 SolA
49g % Aot
4. dolg9 93 ofuls AT & AUt

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23. 4

24.

254 Holelt B

| Holel ¥ FRSAAT £HE ole

ole §olehs AL HEY 4 Uck

go]| FL35l= OHH,] ZQAw A 4 9l

U859 L B, ol o ol 5
2 1EY & ek
L ABALY 7169 WY 84S WA AE FHOR
A5 4 ek,

ASKIS AL

L BAE shEsks oA BAZ A AL Bejet

Adass solsla Bxste Gesiohs 40l
sel3 gt

EAHE FoIA Holele] fdol uet wxpoR
HgalHa i

=279 A Ao TS 83

n2 9| S AUE UHAR BHHN 2FE 5
et

wAsES s F3skd 2AE AR
wolz 7z} g,

2~ O
%9

rr

4 g80) A AR AR 4831 S
I A

IEkls &8
A APOIA ABAES THsT BASS Bt
2AE Aot
A AP ABASE BN A A Hae
AR,

Qo] MOHS Y 5 Y ABAL 122 A
A Argat

A ddg @ o HolHE &

oR O
o,‘?}i

A AZAs 71%0]
% olopy] gt
o AFA 7140 WA FAo] sl AFEolA
A5 olop|g .

AFAEOR QoA WAL geld A
EolA A% olop] gk,

o8] A7

AR S AFALOE AT S8 BA ot
s were A *1‘8}71 A el

5 o1 AAlo] QIBAs 71&d de] ajzoz
ARg3SEAL QA= *ézm o= Aottt

=21

BN QB4 7142 ez g Sl



54 A=EQIEUSESk=EX| H10H M35, 2024

25. ATAs 71l sl F2uF s #8514 ¢kl H|

26. Q18759 T3
7] Bk g
7] S8A] gt

27. ABALE B 1) AFAs 7147 )5S 583}

F2H P52 ] A .

P

28. ABAS 7142 A8El oA A1 FAStL =
Askeln s,

20. ABAs 7142 0|83 WRES PSR T =fatet.

30. ABAS 714 B GAHaFo] BULS AT A
8317 SIhAl it

31 9BAS T1ET 15 % AST 4 ks AR

o
N
(o
N

*

[l

39,

i

N
9
2
oZ

=

o] P& s TSt HWHd o e A=A
= W7ol 574 23] A= =7t
A A0= 7|tiRie). oje} oA & AFollA Jidd
AFLAE F2 53Rl AR uaolA AAlE
BH71EEC] &4 B0l 70 FuS Aol
A FR7LE s ARE S Sl ARFEE 7HAIAL
AeH, TS W= A5As A dFe 2L
3710l SEMA Ade] Fxos ARG & QAL W
o] I=rH ol &I A5 M= AR = 3

© ASH AAREE 7L Q.
ot 2 A9 A2 Aadse R she
P AT AFHOR QS AS 2ARE B FUE
==,

o)

st

[10]

[11]

[12]

[13]

REFERENCES

"Research on Al education
content system composition for early childhood
education," Journal of Internet of Things and
Convergence, Vol.9 No.5, pp.31-37, 2023.

E.C.Lee and ].S.Han,

E.C.Lee and Y.S.Pyun, "Research on the composition
of Al core competency elements for early childhood
Al education," Journal of Internet of Things and
Convergence, Vol.9 No.5, pp.55-60, 2023.

O.Almatrafi and A.Johri and H.Lee, "A systematic
review of Al literacy conceptualization, constructs,
and implementation and assessment efforts (2019-
2023)," Computers and Education Open, Vol.6,
pp.1-20, 2024.

L. T.Sanusi and S.A.Olaleye and F.J.Agbo and T.K.F.Chiu,
"The role of learners’ competencies in artificial
intelligence education,” Computers and Education:
Artificial Intelligence, Vol.3, pp.1-10, 2022.

Ministry of Education, "Practical (Technical Home)
Information Science curriculum,"Ministry of
Education, 2022.

Ministry of Education, "Opening the era of 1:1
personalized education with artificial intelligence (AI)
digital textbooks,"Ministry of Education, 2023.

D.T.K.Ng and J.K.L.Leung and S.K.W.Chu and
M.S.Qiao, "Conceptualizing Al literacy: An exploratory
review," Computers and Education: Artificial
Intelligence, Vol.2, pp.1-11, 2021.

S.K.Jo and M.S.Choi, "Modeling core competencies for
elementary artificial intelligence education,” Core
Competency Education Research, Vol.7 No.l,
pp.43-75,2022.

J.H.Choi and Y.S. Jeon, "Development and validation
of a digital literacy competency assessment tool to
foster digital competency in the artificial intelligence
era,” Research in University Teaching and Learning,
Vol.16 No.3, pp.95-122, 2023.

S.C.Kong and M.Y.W.Cheung and O.Tsang, "Developing
an artificial intelligence literacy framework: Evaluation of
a literacy course for senior secondary students using
a project-based learning approach," Computers and
Education: Artificial Intelligence, Vol.6, pp.1-11,
2024.

M.Y.Ryu and S.K.Han, "The Study on Test Standard
for Measuring Al Literacy," Journal of the Korea
Computer and Information Society, Vol.28 No.7, pp.
39-46, 2023.

M.C.Laupichler and A.Aster and N.Haverkamp and
T.Raupach, "Development of the “Scale for the assessment
of non-experts’ Al literacy” — An exploratory factor
analysis," Computers in Human Behavior Reports,
Vol.12, pp.1-10, 2023.

T.K.F.Chiu and Z.Ahmad and M.Ismailov and



1.S.Sanusi, "What are artificial intelligence literacy and
competency? A comprehensive framework to support
them," Computers and Education Open, Vol.6, pp.1-9,
2024.

[14] A.Carolus and MJ.Koch and S.Straka and
M/E.Latoschik and C.Wienrich, "MAILS - Meta Al
literacy scale: Development and testing of an Al
literacy questionnaire based on well-founded
competency models and psychological change- and
meta-competencies,"” Computers in Human Behavior:
Artificial Humans, Vol.1 No.2, pp.1-10, 2023.

[15] N.Knoth and M.Decker and M.C.Laupichler and
M.Pinski and N.Buchholtz and K.Bata and B.Schultz,
"Developing a holistic Al literacy assessment matrix —
Bridging generic, domain-specific, and ethical
competencies," Computers and Education Open,
Vol.6, pp.1-14, 2024.

[16] M.C.Laupichle and A.Aster and T.Raupach, "Delphi
study for the development and preliminary validation
of an item set for the assessment of non-experts’ Al
literacy," Computers and Education: Artificial
Intelligence, Vol.4, pp.1-10, 2023.

0] 2 ZE(Lee, Eun Chul) (X359
» 20084 89 : FYhstm Yuid

st(@SA AN
20124 8¢¥ : T=igty ARty
sHA(T-8-ZshAD

— ®20139 10€ ~ 20184 8Y :
LEPLY A AT
nA7elY
=201849 9% ~ @A : WATSLE AP ot gt
e
(FAlEoD

S| #(Han Jung Soo) [(Hal]
= 19924 2¢ : A3t AFE
FER(FEHAAD

. zooowl 2 Zs|istal Hishel
FETE D
-2015%_ 9% ~ AA : WAt
Artagd &
"20014 3 ~ @A - WAt

AREBIR 1p

| = L
o
Al W5, 4

dlojg, dolg &4, SW 2



