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ABSTRACT

This study analyzes the implementation of Education for Sustainable
Development(ESD) in the ‘Artificial Intelligence’ unit of the 2022 revised
middle school Informatics textbooks. Based on a content analysis of 14
textbooks using a three-dimensional framework comprising the Sustainable
Development Goals(SDGs), ESD learning domains, and eight key competencies,
the findings indicate a skew toward the social dimension centered on Al
ethics, an imbalance favoring the cognitive domain, and the marginalization of
anticipatory and self-awareness competencies. This suggests that while current
education fosters knowledge and ethical awareness, it remains insufficient in
linking AT to diverse SDGs contexts and extending learning into the behavioral
domain. Accordingly, this study proposes a structural reorganization of
textbooks to balance Al's utility and limitations, and an instructional design
based on the Understand-Reflect-Act framework, alongside strengthened
teacher training and assessment packages.

Keywords Al Education, Education for Sustainable Development, Sustainable
Development Goals, Informatics Textbook, Content Analysis
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Table 1. Al Unit Summary for Middle=School Informatics

Table 3. Three—Dimensional Analysis Framework

Textbook Total Pages Al Unit Pages | Percentage(%) Dimension Categories
A 243 46 18.9 ' Social: 1,2, 3,4,5,6,7, 11, 16
B 229 5 157 e ironmentl: 13, 1413
C 227 38 16.7 Learning Areas Cogpitive(Knowledge). Soc'io—emotional(\/alues
D 235 46 196 -Attitudes). Behavioral(Action)
R N S B £ T
F 233 46 19.7 y fLompetencies Strategic, Self—awareness, Integrated problem—
G 223 44 19.7 solving
H 243 48 19.8
I 29 46 2.1 Y4B o2 2L b2} 2Tk A, SDGs FA
] 235 38 16.2 2 Vinuesa et al.(2020)2 Eh&E waba] Ujgo] o
K 195 38 19.5 &= SDGs FAIE Aldsto] ALE]- A7 Al BoFz &
L 236 46 19.5 okl WA AR 2374 vgstiete]. 4, ot 9
M 227 44 19.4 o 2} UNESCO(2017)9] ESD 3% & AAS &7
N 237 40 16.9 2 JAA, AR HMY, A or Sk, A4 AE
Average 230.6 42.9 18.6 < Hol 7] AdE FAsint. AR, A dF 2
UNESCO(2017)9] 8t ESD a4 &g B4 7|20 2 4
of ntA g WAL 4 S 2F-Fst=AE wE
3.2 B4 17| SHlth. A o Zge YA oz Fs HA olRt A&
SkRATE. ol = 34 Aol Fol-AEH-AHY 5 FEA

3.2.1 24 g

B 7o) B4 9ol o7 BAlol waiE ¢ag o
992 712o® SicH21]. wupae] 74 EATESD A
A WA el HAE A2 AR BE G BA O
A= @13'3}912‘31 15 4o+= Table 2 o Llﬂr. BAE
AZF 85 0] 7

Table 2. Definitions of Analysis Units

Analysis Unit Definition

Text—based expository content conveying
Text explicit knowledge, concepts, or explanations
(coded at the sentence or paragraph level)

Visual elements (e.g., illustrations, photographs,
diagrams, charts, graphs) that supplement text
or independently convey information

Visual Elements

Learner—directed activities requiring active
participation (e.g., questions, discussions,
inquiries, projects, hands—on exercises,
reflections)

Activity Tasks

2
B ATE S YR QAFAE Do AL7sA
S oAkl 0 2 ntoysty] 98, SDGs #A4I-5F5 I
47 3

o

2 o

bl 2HES 24IITHY, 6. 7 AHee] 7

2ol A 7HAekE = 43 B2 A4 7] wiZeltH2].

Xéﬂ% F718 5ho], Ate] F2Jo) 8| Table 4 °F 2] 6
HAZ BAS 5T 21]
Table 4. Six—Step Procedure of the Content Analysis
Step Procedure
Data preparation and unitizing

2 Finalizing the analytical framework and codebook

3 Pilot coding and coder training

4 Intercoder reliability assessment and codebook refinement

5 Main coding

6 Category—based analysis and interpretation

R, 242 Fu) 9% =
ol A m] QA U S, HAE
7 Ate- g% Az elstaisitt.

Ex, BAE 9 I B 54 oA

FE& 2 =
4% 7|20 BAe, 2t Wro] Hole) ﬂtoP/xﬂﬂ 7%
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Ed 7|ES 2 gs}
diA, ﬂﬂi %
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SDGs9] Al a9 BExE= ARs) 29674(59 6%) | 7
=, AA 1457(29.2%), ‘T 567(11.2%) _/‘Egg
Uelgth A2 2z SPG 16(Ha-4o)-Ax) 9
71(19.1%)°0] 7F4 =9kon, SDG 11(ZA-Z5A|) 647
(12.9%), SDG 10(& 714) 6474(12.9%), SDG 3(A7)
5771(11.5%), SDG 4(F2 ] %) 48%1(9.7%), SDG 9(4

F_u

5 1

A-5]41) 4571(9.1%) 0] HE olqitt. o] &) 67) Zak oA
7} 373721(75.2%) 2. &2 A Zol 1=t ¥ SDG
7(A Ao q7]) 574(1.0%), SDG 6(F) 471(0.8%), SDG

17(@ETA) 271(0.4%), SDG 1(813) 173(0.2%)& 1% 0
gho] W2 H|F-S Bt

ojg3t Bx = wikA UY-go] ‘Al A7H-Z-g AlEl’eF A
S1H-ged Aol FiEor YFE], 7& 58S o
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H]Fo] ol AE A Ert. ofof wet o2 QA9 A
oA A7 et g 739 2ot H /32 AlAksitt

ATAMERE A WA7E 5171(10.3%) 22 7HE =41,
G WA 7} 277(5.4%) 0.2 714 o} maka] 7+ 2ol 7}
ZRI=| AT

4.1.2 SDGs FA|9] AA] F

W IpAJOl[A] AL 7Vs/d FAol| whe} Adolst
A N&EsEe AEFS At

k9] SDGs WA Al &4 siZ2S 7}%6}
A2 AAIE At 7 (SDG 13-14-15)2 = A (SD
= 7% CE, s 27| &4, uF &3 oql%
(SDG 9)1} BA-EA|(SDG 1-2:3-4-6)° A=
Al e, 259 gk A9, 4 ZYEH 5
= UEtstth

gHAH, AFS)A 7ha] Bl FAollA = A 284 ZAIE
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Table 5. Distribution of SDG Codes by Textbook and Goal

- Social Economic Environmental
book | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG | SDG SDG 8/SDG 9 SDG | SDG | SDG | SDG | SDG | DG | Total(%)
1 2 3 4 5 6 7 11 16 10 12 17 13 14 15
A 0 2 5 3 0 0 3 8 4 2 6 2 4 0 6 3 3 51(10.3)
B 0 1 5 5 2 0 0 6 4 1 4 5 2 0 3 0 0 38(7.6)
C 0 0 3 3 0 0 0 4 6 0 4 4 1 1 1 1 1 29(5.8)
D 0 2 4 5 4 1 1 3 4 2 3 7 0 0 1 0 1 38(7.6)
E 0 0 8 2 0 0 0 7 8 4 3 6 0 0 3 2 1 44(8.9)
F 1 1 2 6 2 0 0 1 13 1 3 6 1 0 1 0 2 40(8.0)
G 0 0 4 2 1 1 1 1 8 0 2 4 0 1 1 0 1 27(5.4)
H 0 0 6 8 0 0 0 3 5 0 2 3 2 0 0 0 0 29(5.8)
I 0 0 2 1 2 1 0 6 6 0 3 6 3 0 3 0 0 33(6.7)
] 0 0 4 3 3 0 0 4 9 0 2 4 0 0 1 0 3 33(6.7)
K 0 0 3 2 2 0 0 4 9 2 1 5 1 0 2 0 1 32(6.4)
L 0 0 3 2 0 0 0 4 9 1 4 6 0 0 4 0 0 33(6.7)
M 0 0 3 2 0 0 0 7 5 1 5 3 2 0 5 1 3 37(7.4)
N 0 0 5 4 0 1 0 6 5 0 3 3 4 0 2 0 0 33(6.7)
1 6 57 48 16 4 5 64 95 14 45 64 20 2 33 7 16
T(C[’g)‘l 0.2 | (1.2) | AL | 0.7 | (3.2) | (0.8) | (1.0) |(12.9)](19.D| (2.8) | 9.1) {(12.9)| (4.0) | (0.4) | (6.6) | (1.4) | (3.2) | 497(100.0)
296(59.6) 145(29.2) 56(11.2)
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Table 6. Distribution of ESD Learning Areas by Textbook

Textbook| Cognitive | Socio—emotional | Behavioral Total
A 14 8 4 26
B 17 5 6 28
C 12 6 6 24
D 13 9 5 27
E 17 11 9 37
F 20 15 7 42
G 13 10 5 28
H 14 9 7 30
I 13 9 5 27
] 13 11 5 29
K 12 9 4 25
L 13 9 6 28
M 15 8 5 28
N 15 5 6 26
Total(%)| 201(49.6) 124(30.6) 80(19.8) 405(100)
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Table 7. Distribution of ESD Key Competency Codes by Textbook

ESD Competency

Texthook ts}z;tg;l; Anticipatory | Normative Strategic Collaboration tilr;ﬁ:ilg awsaerlefr:ess prolbriteiir*ast(fl%ing Toral

A 2 3 3 2 3 0 3 18

B 6 0 2 5 2 0 5 24

C 5 1 3 4 5 5 2 5 30
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E 3 0 3 3 3 3 0 2 17

F 7 5 5 4 5 7 3 4 40

G 6 4 6 4 3 6 2 2 33

H 6 1 3 6 2 5 4 6 33

I 6 1 2 5 1 6 0 3 24

] 5 1 4 2 5 5 1 3 26

K 2 1 1 2 1 3 0 1 11

L 7 1 3 6 7 6 1 6 37

M 4 1 2 3 3 3 0 3 19

N 5 0 3 5 1 3 0 5 22
Total(%) | 67(19.1) 18(5.1) 43(12.3) 55(15.7) 43(12.3) 62(17.6) 133.7) 50(14.2)  |351(100.0)
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