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[Abstract]

Although the importance of literacy in Artificial Intelligence (Al) education is increasing, there is a lack
of testing tools for measuring such competency. To address this gap, this study developed a testing tool
that measures Al literacy among middle school students. This goal was achieved through the establishment
of an expert group that was enlisted to determine the relevant factors and items covered by the proposed
tool. To verify the reliability and validity of the developed tool, a field review, exploratory factor analysis,
and confirmatory factor analysis were conducted. These procedures resulted in a testing tool comprising six
domains that encompass 30 items. The domains are the social impact of Al (eight items), the understanding
of Al (six items), Al execution plans (five items), problem solving with Al (five items), data literacy (four
items), and Al ethics (two questions). The items are to be rated using a five-point Likert scale. The
internal consistency of the tool was .970 (total), while that of the domains ranged from .861 to .939. This
study can serve as reference for developing the analysis of Al literacy, teaching and learning, and

evaluation in Al education.
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I. Introduction
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II. Literature Review

1. Related works
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III. Methods

1. Overview
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2. Research Procedure

2.1 Strategic planning for the development of

test tool
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Step \ \ Content \ \ Method
1. Establish the purpose of the test tool
- Establishing the characteristics of the population for which the test
tool will be used
Strategic - Establishing the purpose of the measurement

planning for the
development of

3
2. Review the components of the test tool

Validation

literacy construct model

3. Develop preliminary response item

- Development of preliminary questions based on artificial intelligence

test tool - Determination of construct model for test tools
- A review and design of the constituent elements of artificial - Validation of content validity for artificial intelligence literacy
intelligence literacy of middle school students through literature through expert review.
review.
3 3 N3

3
4. Determining the format of response item.
Development of
response item

- Determining the scale and format of preliminary response item.

L

- Supplementing response item based on expert review

5. Review the response item

- Selection of response item and preparation of criteria for review.

Validation

- Validation of content validity of preliminary response items
through expert review.

U 4

- Conduct preliminary test tool on small samples
Implementation
of preliminary

6. Preliminary investigation and modification of test tools

- Exploring and supplementing the clarity of the preliminary test tool,
the understanding of the items, the appropriateness of the

U
Validation

- Verification of discrimination validity through item analysis.

- Selection of samples and implementation of test tools

Conducting the - Analysis of test results

test tool question response form, and the ease of question response.
- Review the mean, standard deviation, skewness, and kurtosis of
preliminary test tool.
3 3 3

7. Conduct and analyze test tool.

Validation

- Verification of discriminative validity through item analysis.
- Analyze construct validity of test tool through exploratory factor

test tool and
preparation of
guidelines.

U

- Overview of test tools and standards.

8. Preparation of test tool guidelines tool

analysis
- Reliability verification to review the internal consistency of test

- Verification of construct validity, convergent validity, and
construct reliability of items through confirmatory factor analysis

Fig. 1. Research procedure

2.2 Development of response item
2.2.1 Develop preliminary response item
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2.2.2 Determining the format of response item.

2 gl Zhget A mpol MEgpae 2pie
(Likert) A=g5 &&sto] JARPE 2A2 HHY 4 9
LEF st A5AlE ERAIY Ao AEE 5

shel QIEASS ERato] BAIZ S1AY 4 Qs 5ol
U ofzroe mEsly ot wepy sjEe] At £
e Ao Sol} de AWK AP
95t ojerog ApjEA] olgh AAuAle Bt
T, hiRo] ol AT MY TolA AR WAL
2 olakg FUste 202 UeRdri{2s] tjah B ¢
oA FHEIA} SH AL £70] B3 wES AL 2
E AES 283 APIEA WAlojo], ATAS 2]
S WISE PERPY A 212 W 4 ol
Aolstoirt

2.2.3 Review the response item
7idet o] £39] U8 B es Esh] ste]
BAls 18 AEleh F3a YR B9S Yol Qe
2 X

APRTIL, g B AT AR o HES A



The Artificial Intelligence Literacy Scale for Middle School Students 229

A7} e gigo 2 23 Q.FL A A
9= 45e Solo] AEain| o

2.3 Implementation of preliminary test tool
Tharet AAF =70) B3kg HESP| gfstel 2ol A
Al A7 Bt o] ChT Yt FeHie theR
o8] RAFS AAlSHATE. ofd] RAR= 20200 9Eof XIsY
gjojon, Zaty 1~28h4 4030] shAlS AMulate] ZAL
o] & 230 Ba, 23

o .
ZAE 78;0% OIT B R Jggﬁ}@l oS =7} 2

ol
oL
lo

N Rl Mo
2EES
oo Mo
T_E‘OE olt-[\lw
- —_
T2 ol
2 = 2 by
£ >
b M2
>~rﬂo.|>4§9.
>
S e £
ot F"E
o % fo !
Fﬂiw
ki rlo
>~
- &
o3
o2 o
opt ofm
icipel)
2
nE
rh Mo

i)
i}
X
oY
Fm
i
2a)
(e]l]
4
olr
ol
8,
o

2.4 Conducting the test tool and preparation of

guidelines.

2.4.1 Conduct the test tool.
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Table 1. Characteristics of the participants
Grade Male Female Total

N % N % N %
First 284 | 23.24 258 21.11 542 | 44.35
Second 120 9.82 343| 28.07 463 | 37.89
Third 45 3.68 172 14.08 217 17.76
Total 449 | 36.74 773| 63.26 1222 | 100.00

2.4.2 Analysis of test tool results.
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2.4.3 Preparation of test tool guidelines
A 2740l A £99) ha et AL B9 519) 8
Qo] Ujgat At 28, b =70 35S AXIEIS
Zo AR 37] vlwrt 7Fsele s wiee] Aot T

B2 ARSI,

IV. Results

1. Strategic planning for the development of

test tool

1.1 Establish the purpose of the test tool
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1.2 Review the components of the test tool
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Table 2. The results of exploratory factor analysis of the preliminary test tool.

Factor
Item ial i i i . . Com. fact.
Soc1a’:|,lf ﬂpact Undegfstﬂdlng Al e;ig(r:]gtlon sowl?;gb\l;m Al Data literacy Al ethics
1 .837 .208 153 105 140 016 755
2 .806 183 .065 114 197 .075 724
3 787 109 119 .090 182 071 674
4 782 272 107 .138 201 .020 725
5 769 137 130 177 257 062 695
6 762 .089 155 174 194 123 706
7 .684 346 169 199 176 .095 692
8 .635 395 184 .200 .091 120 661
9 230 .750 259 224 149 109 676
10 233 .703 260 .258 135 .077 .683
1 261 .698 263 279 77 133 570
12 233 .687 254 .354 .205 .033 .653
13 278 629 335 .290 145 .036 649
14 391 586 214 .259 178 -.080 639
15 135 347 787 245 154 .006 637
16 176 315 753 .318 195 .086 730
17 251 230 699 326 161 211 747
18 263 220 .681 272 289 132 717
19 .063 .328 641 245 .307 -.125 736
20 205 322 314 .718 182 .040 712
21 277 .303 298 .707 .208 .050 .659
22 107 368 315 .706 147 .063 673
23 202 381 .320 .656 212 115 626
24 .320 326 318 631 233 .072 .652
25 317 .200 194 187 749 139 664
26 342 152 204 164 745 .043 625
27 314 204 273 221 4 .013 674
28 369 184 247 179 632 222 817
29 554 186 .188 .207 290 586 791
30 .486 142 102 .109 .292 .568 737
Eigenvalues 6.674 4,426 3.884 3.606 3.139 1.066 | KMO= .977
Explained XY=
variance(%) 22.248 14.752 12.945 12.020 10.463 3.221 29479 854
ULl 22248 37.000 49.946 61.965 72.428 75.649 | P< 00D
variance(%)
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AHR5199S ©, Cronbach a7} 0K 23fo] QlEA|
AEsIg oL}, Ag|e s dojmals 2ok EXsHA] oot
o debA 89 24e &l =Eeh GAF =7t Al
S FHEsitE A AT 4 AU A =79 A

2]z = Table 31} ¢t}

Table 3. The reliability of the test tool.

Test Factor N | Cronbach’s a
Social impact of Al 8 939
Understanding of Al 6 919

Al Al execution plan 5 928 970
literacy Problem solving with Al 5 919 ’
Data literacy 4 897
Al ethics 2 861

S, 2] 9 BREES FEsP] st Sl

o
A9 5t 2as2 A= Rl JEEAIE 7HAL 9

L=
AN oL PSR cks e AT 2 ct

Table 4. Correlation between sub-domain of the
test tool.

SAI UAI EAI PAI DAL AIE
SAI -
UAI | 551" -
EAI | 522" | 773" -
PAI | .649™ | 7907 | 747" -
DAL | .670™ | 609" | .647" | .609" -
AIE | 777" | 505" | 4937 | 5437 | 669"

Note- SAT: Social impact of AL UAIL: Understanding of AL
EAI: Al Execution plan: PAI: Problem solving
with AL DAL: DAta Literacy: AIE: Al Ethics
2oz 599 AEAlE Bl FAF =0 &
AL @l FAZ AAIsH] f5te Fig 29 Zo] 4 &
HZ A4sia
S0 QA HEA] FAF =19 2E MY
S AnE Zua 238 AP ALoA FOAdRe
(absolute fit index)?9! Goodness Fit Index(GFI)= .912,
Standardized Root Mean squared Residual(SRMR)2-

.045, Root Mean Square Error of
Approximation(RMSEA)2  .0520]9)t}. ZEASHK|4

(Incremental fit index)Q] Comparative Fit Index(CFI)
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Fig. 2. Confirmatory factor analysis model of artificial
intelligence literacy test tool
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Table 5. Model fit index of artificial intelligence
literacy test tool.
Index \ Value | Criteria | Acceptance
Absolute fit index
GFI 912 > 900 Accept
SRMR .045 <.080 Accept
RMSEA .052 <.060 Accept
Incremental fit index
CFI 960 > 900 Accept
TLI .955 > 900 Accept
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Table 6. Results of convergent validity through confirmatory factor analysis

Factor | Unstd.2 | SE | CR. [ stda]| »p AVE CR
SAI
SAL1 <-—- SAI 1.000 757
SAL2 <— SAI 1.134 038 29.901 833] 000
SAL_3 <--—- SAI 1.092 .039 27.829 .784 .000
SAI_4 <-—- SAI 1.071 .037 28.774 .806 .000 526 898
SAL_5 <--—- SAI 1.133 .037 30.517 .847 .000 ' '
SAL_6 <--- SAI 1.144 .037 31.184 .862 .000
SAI_7 <-—- SAI 1.128 .038 29.501 .823 .000
SAL_8 <--—- SAI 1.062 .038 28.296 .795 .000
UAI
UAI 1 <--- UAI 1.000 .832
UAL 2 <-—- UAI 1.027 .031 33.559 .824 .000
UAL 3 <-—- UAI 1.034 .029 35.320 .851 .000 711 936
UAI 4 <-—- UAI 1.037 .032 32.062 799 .000 ' '
UAL 5 <= UAI .962 .030 32.458 .806 .000
UAL 6 <= UAI .920 .032 29.109 748 .000
EAI
EAIL 1 <--- EAI 1.000 .851
EAI_2 <-—- EAI 929 .027 34,717 .821 .000
EAI_3 <-—- EAI 1.032 .028 36.927 .851 .000 677 913
EAI_4 <-—- EAI 1.026 .027 37.661 861 .000
EAL 5 <-—- EAI 996 .027 37.424 .858 .000
PAI
PAIL_1 <--- PAI 1.000 .836
PAIL_2 <-—- PAI 1.040 .026 39.889 .909 .000
PAIL_3 <--- PAI 1.004 .027 37.151 .871 .000 AN .924
PAI_4 <--- PAI 951 .028 33.619 .819 .000
PAL5 <-— PAI 815 028 28.998 742] 000
DAL
DAL_1 <-—- DAL 1.000 .810
DAL_2 <-—- DAL .959 .031 30.496 .804 .000 690 899
DAL_3 <-—- DAL 999 .031 32.577 .844 .000 ' '
DAL_4 <-—- DAL .986 .029 33.444 861 .000
AIE
AIE_1 <-—- AIE 1.000 .876
AIE_2 <-—- AIE 1.005 .028 36.051 .863 .000 686 814
AolME std. Ao o] .742~.9090]22 HF BF= V. Conclusion
9] A WA 270 FEI Zo® URith tgoR
VEZFS 526~.7119] Zro] Ueag), Alzeigro & w Aide S99 A5Als E=AE 5451
7501 500 oJAo] =3t 712 stolslolr) wikjatoz  HRF HAF =S Sl A+ BukE S5t ohgat
CRO] .814~.9360]2.2, CR Zto] .700 o]4ojojo} sicp= B 28 =FSIH.
AAE 350 AZ 1T & Qloh A 2 o 5389 AFAls BRA] AAF B FE0]
oA etk o1 ZAIs 2lEA] AN vt Bl e e o SA5 e Sl Weld Alelu A AAIS dlEsk, </
B3 S AT 4 ANCh FRA 29 RMg Sajo] oS SUERA FESV] AT 2elK ot ofslS <
A= AVES} CRE Table 67} 2tk Poln, ABAS Bl WA e BAIZ
AsPr] st AFe FYs] YTt BAle= 7H‘*ﬂ°*Ur
4.2 Preparation of test tool guidelines AAE B4= 6709 FA(QISAsY ARIA F7E, ASA
55HA19] QI gA% E2IAlo] Tigt &2 Table 7ak 59 olsll, ASAs A A=, ALAs <Al 3i2, Ho]
2o} 2 ALoA] JpEt AAl = 54 U8 Table Bl 2lEIAL AFAls wel)oll 30712 2&FoR =Yl

8t 2ot

o), At m7e] 4@ ARRKS oF 10~15%0lct,
2 A Bk ADIBEA 5 PlE Ase gyl
A pEgic: 5= uhg: e, 4= TEc) 3= wEolr,
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Table 7. The standards of Al literacy test tool

Percentile

5 10 25 50 75 90 95

SAI Raw score| 1.75| 2.25| 3.00| 3.38| 4.00| 450| 4.75
T score | 31.3237.11]45.79 | 50.13 | 57.36 | 63.15 | 66.04

EAL Raw score| 1.00| 1.67| 2.17| 2.83| 3.17| 3.83| 4.00
T score | 28.85|36.88 | 42.90|50.93 | 54.95 | 62.98 | 64.99

PAL Raw score| 1.00| 1.40| 2.00| 2.80| 3.00| 3.80| 4.00
T score | 30.65 | 35.40 | 4253 |52.03 | 54.40 | 63.91 | 66.28

UAL Raw score| 1.00| 1.20| 2.00| 2.60| 3.00| 3.40| 4.00
T score | 31.3433.75|43.38|50.61 | 55.43 | 60.25 | 67.48

DAL Raw score| 1.25| 2.00| 2.75| 3.00| 3.75| 4.25| 450
T score | 28.97 |37.52 | 46.07 | 48.91 | 57.46 | 63.16 | 66.01

AIE Raw score| 1.50| 2.00| 3.00| 3.50| 4.00| 450| 5.00
T score | 29.79 |35.20 | 46.02 | 51.44 | 56.85 | 62.26 | 67.67
Total Raw score| 1.59| 2.03| 2.57| 3.00| 3.40| 3.80| 4.03
T score | 31.14137.33|44.71|50.71 | 56.25 | 61.79 | 65.03

2= 27 o4t} 1= s IZA] ook A =79 WA
A== A FAF 22 97000, o1y FIe
.861~.9390] it} HAF Bl FAA Q1 FA4u} 2HelA
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Table 8. Contents of artificial intelligence literacy test tool for middle school students

Factor Definition

Objective

Social impact

Understanding the societal impact of artificial intelligence

- Understanding the changes in
jobs and work by artificial intelligence.

evaluate efficiency.

of Al and ethical issues and practices that may arise from artificial |- Artificial intelligence ethics.
intelligence (e.g. privacy, employment, ethical decision making) |- The societal impact of artificial
intelligence.
. e . - - Perception - Learning
Understanding Und(_ers_tandlng th_e_ c_Ias_S|f|ca_t|on, definition, characterlstlr_:s, - Representation - Interaction
and principle of artificial intelligence to solve problems using B - B
of Al [T h Reasoning Sensor
artificial intelligence - Search - Agent
A competency to define a problem for problem solving using | _ Abstract
. artificial intelligence, understand the steps for solving the B S
Execution . . . Problem definition
; problem, assign roles and tasks according to the Machine _ ;
plan with Al ) . . Execution plan
learning steps, and establish and manage the problem solving | _ Proiect managin
process . 9ing
A competency to generate ideas for problem solving, : Elftitrfwation
Problem prepare data, select AI models, design and develop Al - Test
solving with Al|programs, test the performance of artificial intelligence and - Evaluation

- Communication and cooperation

Data literacy

A competence for understanding data, data exploration,
collection, data interpretation and evaluation, data management
and use to solve problems using artificial intelligence

- Understanding data - Evaluating data
- Finding data - Managing data
- Interpreting data - Data handling
- Data synthesis

Al Fairness | telligence, and Al fairness

Understanding misformation, diversity, bias in artificial - Bias in Al

- Al fairness
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