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ABSTRACT

This study explores research trends related to artificial intelligence and digital technology
by focusing on four key terms: literacy, artificial intelligence literacy, digital literacy, and
knowledge information processing competency. Using the RISS database, we collected
papers published over the last 20 years until September 2023 and conducted a quantitative
bibliometric analysis. Semantic network analysis was applied to understand the
relationships, trends, and characteristics of these concepts.

The findings show that digital literacy, data literacy, Al literacy, and knowledge information
processing competency all aim to foster creative thinking and are primarily taught at the
basic education level, especially for elementary school students, often in convergence
education formats. Digital literacy is the most widely taught, covering all age groups and
overlapping with other literacies. Data literacy tends to function as a sub-element of digital
literacy, while Al literacy overlaps with both digital and data literacy, with the potential
for future integration. Knowledge information processing competency is researched
independently from the other literacies, showing limited overlap.

Key words : Al Literacy, digital literacy, data literacy, knowledge information processing
competency, bibliometric analysis
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Introduction
59 Q134G Hldlole 5 A Hshr|ee] = Qlof nlzf Akzlol] B ot 53 0 2A] H 2]g

HAE Zﬁ"‘—% Zo] ZFzxE| 1 lt. o]of 2015 7HX4 WSIPFYRE = AP EA 2 S Aol o, F|
2022 717 S ol A= A A B4 2| J} A YA E 2 HAlE FE5HL Tk BE0] ChatGPT,
Bing, Midjourney 5 A8/ % Al2] &5 15 TFolA = Al ZE{Alo] tigt F2/d 5 F2HAZ e, o]
a2t ool 2E2{AI7ER] @A AFE L et &, 22 E d 5t w& Aol 7|0 FREA| FAY
W50 M FLQAIE|R] o H2 2lE|2|A] = e 2 Al E0] w52 F o3 SFFE TA A AL Jleh

olet 2 EHAI S M E TR 9n|e} 7|5, 542 23S Al 2|2 Al= USR5 7|ext 2
H HHE olsffstal o] 5 A H5HA| 8ot L2 Igh AAtE v|EA 0 2 et 4= 1= 58 2 2 (Jordan,
2019), A& Al gol|A] o7l Bl @11 Ush=tl| D421 532 21| 3Tk (Steinbauer et al., 2021). T=3F Al
2]Ej2{Al= dlo] g zHat 7 %’*r ALY, theE A 2|4 9] ofoltjo} & Attt =3o| E|H, 5] s}
+ o] w& A 23 S AhS 7HITHNg et al., 2021). Gilster (1997)°1] 2J5l %}5- AA1H tAE 2]
Hej s 27] S H ohst ﬁiﬁ# B 83t R E FEc= S0l o, AA= A4, &
A S AdT ¢ ‘E% CHFSH oA & E-8ot= ‘“E“(Kwon & Hyun, 2014), A2 JEE ZH1, o]sf
Skal, grkekal, Fzskal, S£a1H7] 9fsto] 2@9}5*1 7|ES A £ of= 52 QHISTHALA, 2013).
HA|E 2ol 7H4] Sl= 4= Ao7h7] flol A" 7= iﬂ}e?ﬂ olsfstal Abgoto] HH H 11 &
2 AHstA ekl E-gotm vl o 2 BAskal rfeh A 0 7 AEshal Eshe HotAQl
2] {2 AJo]H(Noh et al, 2018). ©]= o{2] =7}e] W&ol AFEH FL23F WHo] QA= 22|ulzlstal
A E}(MOE 2022; Ei & Soon, 2021; Erstad et al., 2021). H]°] €] 2]E]2]Al+= wlo]go]] Zakar =&} star 2 oFst
L =2 o] Li(Shields, 2005), HO]E]S 4], % 2] BA5H= S8 olakal A olg 4= 9JtHOtto, 2012). 5FATH A
Ho} ARR]of| A 82 Ho]E|7F AR A HlolE 2lEZAIS A AAol tigh W H S #5517 2fsh
oE|E mHA o2 ofsfistal AREShE 53 |tk (Mandinach & Gummer, 2013), AF9] 2] 7430 = rofs}
© 819t 53 0 2 ST 11 Rl th(Bhargava et al., 2015). 5 7| H|o| Bl & 2AISHAL 2| sk 53 2= Hek
oH oAl = AFR] A it F SO 2 A o] HlofE] 2lE|2 A 2A] A 2|7} e 1 ik A| Al A A 2] o
22015 5ol 54st0] 2022 7178 WS 7EA] o]ojA = FE0] £ PERA|R ‘FAIE s dst
7] _c%]g]_o:] ]:]_0]%}. 7(-]E_9_]. Z]_E_F’; /\Xl. HA—].E]7]—.A—]EH6]-_I X—]Z46]— UHxﬂ g gel-_g_s]-o:] 1]}\]_,_]- Z—]E_Q]. ;(].E =
FIPH 0 &2 X2|go 24 ge|d o= FA|E 2T 4= A= 58 2= A 2JMHMOE, 2015; MOE, 2022).

o|9} T2 A= ThE Bolo] ALE, 589 R e S2hE 7HAE 4= QU HEoh= AR 87o] me} o
of| Bt 58& A&, 7|20l 2= d T oy 7|&e] on|7F GEfA| A FojE A 1 ojn| 7t F3
EAY 85 o] AREH O EH 2065 ERY 7| A Yo 4 ot wSo] Hau kel 2
ke WARETE of 2} SHYolA| = FA|E do 4= Qlom, EAA 0 & Wof|A] Fsjlof & X & F
&g TE:V} Atk 0|2k 22 Tt FA4jof thgh ojn|of| tis A5t vl o = HES H e} ot uf
2hi 259 A5 H Hlo|E 1&g} Fofel T} st o 7 22 Qle =R 7Ex]o thish M= Hl
%}11% = Aoz nejalzlol E st 58S Ftohe w4 2n]of tisl| =2Jsk= 40| 5
St} Q13215 H to]E 1&g} Fofe] 3 A% *é A o) wet B E 2YgS 2] grjete o|2 °1°H
7124 olsft & o] FRE|L JIoH o & B A, &Y, AT T ol Z7HA| 2 A Q]staL Qltt. o

F
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% 7|24 0 & 7]le] shgo|ut AR Aol B THA|E fot=t] 23 58S < competency)©|
23l 5} (Lee & Choi, 2014), O] HThe @HFA 0 2 931 2231 76kl A55hs 53 0.2 354 bl 4o}
717 95 71229 532 2lE|2{Algkal SthHeo, 2014). 13415 2 TR 7]&o] Wkt 5] o]
712 AL 2B A, A1E 2lEj2{A], glo]E 2lEj2{A|, A A B 2] es 5 2H2te] gofof digh 3 A+
L 71 elof] tigh 52 L 45 SllobE 4= gle BHE ool 3] of gtttk w3t S dEHHAIE
7ol Aol gt A5 th4r o] 20i%| 1L UTHGuler, 2019; Han, 2018; Pangrazio & Sefton-Green, 2020; Yu,
2022). ol =°] tllo]E] 2lEl2|Al= HlolEl & 4, 4], A 2]sh= 520l A (Otto, 2012; Shields, 2005), A2
A OJAAEE QIS 7| 2 2lE2 A2 B A|ZH7FA] (Bhargava et al., 2015; Mandinach & Gummer, 2013) THFsH
g 2)7} EAgte). =gt ool 2El2AlE HAE e A 5t9] 7iEd & B 7] % 5131 28, OECD 2030
of| e} Zro] g AE 2lE|2| A2} o] E| ZEAlE H|EH A2 EALKHOECD, 2019), < 2-8-5FHA &
eItk A A= 13ITh(Bhargava etal. 2015).

SejuEtol A= AL 2 AL HAE e A dlo]g 2E=]A], A A B2 5 5 ZF gofol thet 4
o] At o] gt ws WhRel tigh A-E2 AEH 0= o] FojFl ot Zof 7k BAof thgt A
+ 719] o] FoiA| 2] LU HTE2] WEFO] Yo = AIYRY Ao T A7} thg o] Fo|H o
™, Hwang et al. (2023 ©| & ‘W54 5242 Iof Al HA|Y 7|2 a4, v ibd, o)y e 44, &
2|40 2 ofsf-&-gsh= A4, 7], 714, Bl 2 FAlsHE 5 02 Ao5Iqict. shARE 7] Al 3t
HAE o&e] S 2R T the AFRIA|, gE2{Alek= ofH Zfo]7} Q=A]of| tisl FgestA] +
2o1717F 42 gtk et gAY o] oke] 242 YA e Al AFE e Al FE e A
7} BE EEE T U Lee, 2015), Hlo|E] 2lE|2|A|et T H dlo|g] A3 E-5 0= tA|d 2lE|2A| & &
Yote E-50] Al=E]= 5(Son & Kim, 2023) 2|2 A|Q] RlSo] thgh 7| E = AtAfmte} of2 AAo|t). 24
A 0 = o] U] 7FA] {052 d/dolut A 2 7] ol tishA & tiF-2e] AFAEol 34t 8l
O} 1 oJn) 7ke] F3oly Y= Plx|= Fi, Hiske] 'y 5ol toiAl= AA1 A o2 27617 7F 4]

SAthol] &= ofg] golof] tisl AT Fge] ¥isket 8oj7F A 2of| vl x| FF-S mielelr] $laliA]
1 o/t X BE =58 9 AS EVFssith s ofg] Hof =7o] 354 8ol S ntelshH i
o] AL 5 ¥ ot A= 7He] mjx|= FRFoIU 2 A 5= FUL 4 Yo B2 2 AojA
= 0] Al R A2 A5 TH(Glasscook, 2022; Jeong, 2023; Lee et al, 2021). £3] A S3ko] ¥}
mjotst7] fleiA] s TR 2 ARk UHro] 2A513IT S\ el 2 2415 Hol AlAlshE ARl Y]
Aap HSEE A7ke] Sgof wlet A A4 0.2 o]sfistr] fJs A ARGEI T §5] w5 Zofol| A= 1 o
PHE, A, 79 e Hatel B2 Hhgst] flsl s\ Tl = AE UHro] A 5h= 2lo] f-85
-& E°1, Hew?} Brush(2007)= 71& S T wARE2] Aol 2115 2AFHHA 19951376 2006
A7}2|9] A5 5E T & o] 243 o] & Bl QIEUle] Bgat AntE 7]7]9] 2hd, 18] 22
9] AF A5 22 MZE 7|&o] & A7olA oA EYE T HPEJU=AE AAH O HoEo,
TESE, Meyer®} Benavot(2013)= 4 AllA| 25 2 0] HEHS 2A51HA] ZF =7}e] W& Y& o] 51 The| =2 of
A BslgtEAl, ofH Q150] Y2 HIFEAIE A o]k 22 T2 WS A o) M3 ARSI A,
ZBAIA, =4 Q. Rlo]| oJsl of BA| Fe HItEA|E oslioh= Tl 20| ET. Hattie2008)= &5 BIH
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oo
i)
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A2 s A 19709 THRE 20009 tH7HA| o] -2 51 B9l 2 Lol 2430t o] 5 &
sff £ w41 o|u & Hgko] A|7to] mhet o] BA| f7 =] 11 't 3tel SRS AAIA o= Ao, s
Ax7FE0] ZAle] g o] 23 S ofsliohE Bl T2 o 5H T = A4S ol Aok A2
ool 7], A, ARl A 27 5] ’stel IgsHA| Hhg-ohe B4 REgshH, ol2gh Hatke] miE
§&}s] ofsliet 4= | St
3k, 2 Aol A A E IR} Sk AL 2ERA, HAE 2> A] lo]E e Al XA B2l
A& oE gEZA] 7igE0] S22 o= o9 walshal §3E=A1E ol s AliY U EL
£ (Semantic Network Analysis) ®'H 23 2251} A|RHE] UE 3 FA(Semantic Network Analysis)
NaE 7te] ofn]d] BAE 2AISHL Al Ztals= W Eo|t). AlRE U EQ] T+ & <o t|o]Eof|A]
MAS(EE) 15 7H] o)y AF(@lA) S FEoto] FAH o] B4 B2 57 FAlof| thigh 2] 4]

)

Mo Ho

Mo or

fo W 1o

© Qa0 2 Qlofs}, A3 ek, Q1x] et 5 thepet Hofol ] ZEE], AL nlo]d W xfelof
He) 7|43} Agsto] ojnd el S gtk oS St HAE HolHolA £2 FI9ES 35
Il

PHS 4= AUt (Otte & Rousseau, 2002). ©15 B3l ZH 7HEE 7Fe] BAIE A1ZHA 0 = sk, 7l 7ke] &
2 Qx| et BAIKGE o]alfE 4 UAT Borgatti et al. (2018)7} Wasserman & Faust (1994)2] VI EQ] T 24 7]
& Za1sto], 7+ -go) 7} SHE A whedof| A o GA] A= 11 Ql=A] mhelsiqict. 7t 7 7] 4 7 = (degree
centrality)Lt 571 5-4/d (betweenness centrality) 5= AlAFSto], £74 2lE|2]A] 7iigo] A HES A Ujoj|A]
Aot Z 83 A2 oAl BAISIIT, o) & Boll A7 8] 7+ 4= BAIE Hoh A o & ujof
5oL, o|2i st TA7} SRE A F2ollA] o] B A| A= 1L EAs) gh=A]of st B2 Ala sttt

ojo]] i Aol A= ZUollA] L3H Al 2lE|2iA], RS 2lE Al dlo|g] glEf2|Al, XA H A 2| 5F
I HAHE M2 FRE st ¥ o 2 RA5to] 1 Aitg ET|E 7} gojof et A 5F U EAS ot
ofstod ofof Tt 2| E|2{A] WL5-2] AJARE Al-3-5kalAt Sk

Materials and Methods

Research Data

2 A7 ol S A1 S(AD 2lefeiAl, AIH lefelAl, Hlole] elejeiAl, A ARy
3} BAE 8% RS WO Soith AFME I HAKERISPIH AF5H= RIS Hlolelilo] A5
55l @RATADY SAAS FAOE 44 BAsIgick. ‘Blole] elefelAl, WA eefelAl, YD
eJEfel A, AR 2 2 ol ek Aol ARgSt] 2023 98] S = FES Python ©]§5

o] A15.0 2 N5 D 225190k 22 =2 Hlold 2leleiAl 6017, TS e A 903, AA
2lef2iAl 58171, A4 R 2ol 1707102 % 234570] ol gt} 7} =Rl tis) A, 44}, A=, 5
W, 71915, 28, 284, DR 4 59 MAHRE FA 02 Akt

Data Analysis

= A= Ad3As B UAE 7le 5 ol Ao EE = Qs A= e Mz HE2A B 53
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A} Z=A4| 5 mhetslz| lsf Hellol & 78 M| HE 47 Bl 24 S FA o2 £346i3inh 2 A= 24|
tlole] 3, A2, A Bl AlZtske] b2 AR,

dlolg 3 DA St 58hs7d B A(KERIS)0l| A A|-8-5k= RISS H|o|EjH]o] A &-&5}0] ‘Hlo]
El YEIZAL, 1325 e A, YA 2EA], A A2 7F oleh= F 20| 2 2Fohe =ia
A5k o, HloefH|o| A 53l 7 She ol T MA| HE(A =, A AT, e AT, 7| s, =
£, 234 R EE S FsIch

Ax] o= 719 E F21} 7, A9 /S5 oofs}| flof 23 9AEES AAskaL, of o
S| ¢he U= wshe 5 IS ARl 53], &9 ARHEE AtollA UehE &= oheter] ¢
3l 5\ TRl = tllo]E & FaL A=siinh 2] 2ol A 7| =7 23] of /17| %= 7%, Huggingface
]| 4] A|3-5= BERT 7|%F 22 (ml6teanvkeyphrase-extraction-distilbert-inspec)= ©]- &3l YHF3IL 7|1H =S
Y/ 5to] 7151 THHuggingface, 2023). AH|F o]t 2H1o] X{2]of| A B|JAE djo|E| & 4=%] WE| = Heks}
+ YRolt}. AFE 7} 1ol ofsfistal A 2fst] oA HBIAES LR T3 sfoF k=t YHIE2 ©]
23t HH S 7155 Sttt AHE = ARESHA H|Et ofn| & 7H dojFo] HlE F7tojlA] 7h7ke- o]
07| "o} of| & S0, LYol'et V= Tof= Hlet oA AREE 4= Jlo B g QH|g BB = 7}
7HE f1x]of HIX T Mikolov et al., 2013). YH| G2 Tes] ol & 4= HILE ZlofA] Yoz}, Tolg]
oln|e} w2 oA o 7 AT 4 QA shof 717 k<5 o] dlojof ojn|E o & o 4= A Hoh
(Pennington et al., 2014). YH| P2 Tho T, 27 &9, A ©9] 502 Agggt 4= glom F Qo] = 1
ol A|+= BERT(Bidirectional Encoder Representations from Transformers) 7§+ 2 @S- o] &5f| 25 JHE tho| T
92 JHFstaL, 5709 719 =5 A3 SHATHDevlin et al., 2019; Huggingface, 2023). 2.0 &1} 4] 29F
S HIAE QoF 2Rl 2 37| 7| AU YA E 2 HE| 2551 T4 WA (Extractive Text Summary) 2} &
AE7} ook BEE A7EasE Y sliAdsto] A48 A 0 2 AAIohe S/ {4l (Abstractive Text Summary)
O 7 FRE=H|, 2229 oJu|E FliohA] s e Ao RS 28531t (Gupta & Lehal, 2010;
Nenkova & McKeown, 2012).

A 9 AIZF SR ol A Aol FAalo] Bl 479] 2 Bof(Al ZlEZ Al HA[E 2E=]A], tlo]E
2lE A, AA A B2 ATHE 2T ote =F0] 23 WAIE FAotalA} of 2] ©Ale] 24 TS ARt
A A GA 2 M= 7} golof| FEE| o] ZiEl= =] £AHE Bl 8o ke BAIE melelgitt &, &
o7} FEE| o 23| = =20 AP EE 73-F- &0 Thof| WRs o] 9135 ofn|sh= Zlojth. o] & ¢
alf, AT ZEfZA]L YA 22 A], glolg 2lEA|, A A A g dgoleke £ 7iEE0] g == Ul
of| A oA A AREE=A] FAISHIAT. o] 23k A2 S Bol 50| 3R UYbe siEa &
aff -&of 7he] Aol = ol 2A4S oot 4= =5 ST o & 01, ‘Al 2lE 2] A2 T A d 2]E 2
A7} &L ol A HHEA o 2 UehdTh, o] = 7lligo] 8k o 7 st phiE] o] Qa2 AJARE
= Qltk. o] = 7 7] S5 S S ol A= ThE gE2A] 7 dEo] S22 o= ofEA| wafstal g9

A oo 4~ U= T2 TAE Al gttt F WA GAZ, 7 =Fo] 23ete 20| Atole] &
+24(Semantic Network Analysis) B &2 4-8513itt. S, 7Hd & 7+

UAE © S ool A A AR = &0l o] o GA| AAE 1L J=A], e £ N
Jol & 7152t ofd oJu|d] BAIE FATH=AIE AL 4= Ut (Danowski, 1993). Al FA] S| 2 7]9]
S skl o ol ez A RUE FL25 EM6H] 913 Louvain G e 52 ARE-5F

dr W
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At Louvain ¥118| 52 U E A Y 55 Fdigleh= A o= ARYEE SMoh= dalg|go s,
U EQ]A0] 727 E/4JS Hhgoto] & 7te] #eld& v o & ARYEE W Wio|th (Blondel et
al, 2008). °] Y12} E5 Fol AR 2 = B9 E)E £ 7R UE 3=, o= HE Ao &
H 1z A ES Bk o &8 4 Qo Y| A DA 2 ZF HEFE e = Al E-2 Transformer 7 |RF

2dlS o]8slo] A& W 7|9 EE vigo 2 A5 E SIATE 0]F TS (Text-to-Text Transfer Transformer)
+ Googleo| 7't H-& HIAE A4 HellZ teft 2kedo] 22| (NLP) 2= she] S3td HAE ElA
E DY AR tE 4 U= AAE I THRaffel etal., 2020). TSE 2E NLP 22 9
AE & HglshE wA| = AdAste], 19, 241 89F AE S H, W 78 5 og A=
At} o] 28 Transformer O} |EIA S 7|8E0 & 5}, Q1A E.T] A0 22 AE5lo] e A]PAL BE
AX7HHE B x|l S 4 Sl oA WA U S S8l 22 Zlo] ofsiigtth. T5= BERT2F GPT
9}7“’ EH‘EJ—P‘ 2] Pt A1 Oﬂz E—r- 4=88gk 4= Qlof Thefek AFdof| tisl f-AstHA| *P*o“

of2jgt 2Ale Ea 2 ol Al 2]El2IAl Tl 2]E2iAl, slolE 2|eeiAl, XAl g 2] okl

8 A7
S EAS £ 02 BA5H, o] S v o & 2|2 A] 18-9) AAPY S Al g5t stk £3), 7 g
Bl A 7 o] w82 Ao ojEA| 22 4 Qle=x|, 28] thet FE|A] g 2 S0l g |
PR o|HA T E3HY 0 2 AA|E| = Hoke Aottt o)2]st AIAPEL 1S dA ol 4] 2]E] aw wee 7t
skslal, shYSo] Mslksh= tlA e Althol] I42|9] 3k 2hE 4= QI8 W85k o 20| & 4 }lch
Results

Quantitative and Keyword Changes for Each Topic

AL Z[EJA] Hlolg] JE2{Al, TIAIE 2lEf2{A], A4 B2 2] o] A5t Fo| 5 EH Fig. 13 2t} 1
A o2 olet THE =22 20162 7|02 FZA3] S7FskaL )tk £35] 20200114 2021 Z21} 19
& HOHA ICT 7|2 235k e AIS9] B0l 545 tiFddl S7IkE Aoz Helth 20234 9
G729 =22 tdez o Aufeh= 22 1ed wf 202310l = 20229 2 FARSE eAke] =Zo] Wi
Ao w F4E:
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Yearly Counts

120

100

Count
3

20

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Fig. 1. Total number of published papers by year for the four literacies

2t A= 47)0] A2 WEH =20 45 AT EH Fig 29F 2}, Al 2|E{2{Alof] et A= 2015'd 5
B 254 AlAE o 201737 E 242 R1 7 AlAE o] FASHA| B2 A7t ol Fof AL Rl T
olef FE2{ A2t YA e A= HISe g2 Hol=t, 2001 E W E A2 FolAR FES| AE
o™ 201785 Fol7HaA 2ol HA 45 S7F6he Y= Bt 53] tAE E2iAl d7= T
o|e] JE|2{A] Aol vlsl Aeha] o2 go] a1 glom, HolE Ej2AIZL 2T 50| TREE =2
o] o] A=l o] =t vl tlA| 2 SE2|A] 7= 23] S7F8IL Utk A A EA = AT A=t
S AL ZEZAG EAE 2E[2 A, glofE] 2EA] AR A2 420] =Fo] RS CoH, w53
EAE AN F7FsIl o 22 S0f A1 Bes Bt

Yearly Counts by Category

BN Al Competence

140 BN Data Literacy

B Digital Uteracy

N Knowledge Competence
120

100 1

20

2002 2003 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

Fig. 2. Total number of published papers by year for each literacy
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Al Literacy

201495 E] 20188712 2] FA|9F 2019 FE] 2023712 ] FA|E- At B Al 2] E2]Alof] TAH A
+ AREA Bshg 4, E Q/gof| thgh =2lof|A] A} A& 0|1l Al A = HEkekal QITHTable 1).
20149 ~ 2018\ 71 o] AtE A= ‘4at At F oyt IZA S AU ToT'2t B A== <
T ©ol7t oJujsh= 7t 344 o] 1L, ALK A Q1 Wiste] 55 A Aok A ST ATE] Ak shx|gt
2019\ o] & A+ FA| o] HSHE A Q1-F A5 ZpAf|of] 3t AL of 2} ‘Al W5, Al 2IE]2]A], &
T EQo] WS, AFE Y ALY, RS, Al §0S 5 Bel FA| AA7F A A o] 1 wSah AP £
A7} A o)4-& Aok S ER1E 4 Q) Tk & Aof| A AmE = ThE 37]9] e Alek= 2H
202 AdE= 7|9 EE 22 4 Slolt. ZaH4 0 & ujof| A= Al iS5 &5H0] Al 2lE| 2| A& T st
£ A 5XE2 ot A7t Bon, AFEH Atag 5k A o] 9l e wateko] g3 53t Al

Table 1. Research keyword for Al literacy

2003-2008 2009-2013 2014-2018 2019-2023
- - 4th industrial revolution: 26 artificial in telligence(Al): 55

artificial intelligence: 9 Al education: 50
internet of things: 4 software education: 30
intelligent information society: 2 Al literacy: 26
copyright: 2 computational thinking: 23
intellectual property rights: 2 machine learning: 20
responsibility: 2 4th industrial revolution: 25
robot ethics: 2 chatgpt: 13
core competence: 2 convergence education: 10
creativity: 2 Al convergence education: 9
computational thinking: 2 digital transformation: 8

software education: 2

Data Literacy
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Table 2. Research keyword for data literacy
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O, data literacy education®|2t

2003-2008 2009-2013 2014-2018 2019-2023
image literacy: 1 media literacy education: 2 literacy: 8 literacy: 36
image literacy class model: 1 media literacy construct: 1 information literacy: 5 covid-19: 17
information literacy: 1 measurement of media literacy: 1 ict literacy: 5 Al literacy: 14

information literacy attitudes: 1

computer literacy: 1
internet education: 1
related education: 1
library instruction: 1
literature review: 1

news literacy: 1
news education: 1
use literacy: 1
production literacy: 1
home economics: 2
family life culture: 2

koreanlanguage education: 3
writing: 3

health literacy: 3

e-health literacy: 2

digital literacy education: 2
digital literacy: 2

computational thinking: 12
digital literacy: 12

news literacy: 12

media literacy education: 8
health literacy: 12

e-health literacy: 8

performance: 1 academic writing: 2 attitudes toward computer: 2 topic modeling: 9
questionnaire: 1 aged consumer: 1 anxiety toward computer: 2 youtube: 9
undergraduate students: 1 news contents: 1 critical thinking: 2 critical thinking: 7
learning attitude: 1 age: 1 latent class analysis: 2 artificial intelligence: 7
gender: 1 pre-service elementary teacher: 1 college writing: 2 education: 7

information resources: 1

elementary koreanlanguage teacher: 1 young children: 2

Digital Literacy
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Table 3. Research keyword for digital Literacy

2003-2008

2009-2013

2014-2018

2019-2023

visual literacy: 3
public sphere: 3

information literacy: 6
literacy: 6

information literacy: 9
media education: 8

digital literacy: 70
covid-19: 31

culture technology: 3 media literacy education: 3 digital literacy: 7 digital literacy education: 24
digital literacy: 2 media education: 3 literacy: 7 media literacy education: 16
audience welfare: 2 ict literacy: 3 media literacy: 5 digital transformation: 15
audience welfare policy: 2 digital textbooks: 4 writing: 5 digital citizenship: 15

analysis of planning factors: 2

photography: 1

news education: 2
news literacy: 2

convergence education: 5
reading education: 4

critical thinking: 14
media education: 14

checklist: 1 information education: 2 media literacy education: 4 media literacy: 12
college students: 1 design education: 2 computational thinking: 4 Alliteracy: 11
conventid: 1 intermediality: 2 learning: 4 youtube: 11

corgxter literacy: 1 intertextuality: 2 e-learning: 3 education: 10

high: 1 transliteracy: 2 digital literacy education: 3 artificial intelligence: 10
idenfdy: 1 digital: 3 information literacy: 9
indices: 1 smart education: 3

Knowledge-information processing competency
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Table 4. Research keyword for knowledge-information processing competency

2003-2008 2009-2013 2014-2018 2019-2023
semantic network analysis: 3 core competency: 15
knowledge information processing processing competency:10
competence: 3 elementary school: 5
academic achievement: 2 knowledge information processing: 3
key competency: 2 knowledge: 3
knowledge information processing confirmatory factor analysis: 2
competency teacher’s perception: 1 self-directed leaming: 2

knowledge creation: 2
technology governance: 2 knowledge-based-society: 1
input speed: 2 key-competency: 1
competency development: 1 teachers perception.: 1
administrative assistant: 1 needs analysis: 1

secretary: 1 emotion: 1

information processing skill: 1 emotional competence: 1

governance: 2

office information management: 1

business model: 1

conformable process models: 1

management: 1
process data: 1

schedule management method: 1

value chain: 1
business process: 1

administrative support: 1
data processing tool: 1
formative indicators: 1
knowledge management: 1
management: 1

online survey: 1

pls path model: 1

pmo: 1

competency education: 1
individual citizenship: 1
community citizenship: 1
global citizenship: 1
non-cognitive factors: 1
information collection: 1
information application: 1
personal information: 1

personal information protection act: 1

respiratory disease: 2
social network service: 2

koreanlanguage education: 2
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Analysis of Relevance of Keywords by Literacy

Al literacy
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Fig. 3. Clustering using community algorithm for Al literacy
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Table 5. Clustering code and keyword for Al literacy

Cluster Code Keywords

1 Al and Software Education 'ai education’, 'software education', 'sw education', 'computer education’, 'ai literacy’, 'ai ethics education',
'computational thinking', liberal art education', 'physical computing', 'unplugged activity', 'ai convergence
education', 'machine learning', 'ai ethics', 'chatbot’, 'informatics education', 'elementary school student’,
'design thinking), 'virtual reality", 'blended learning']
Cluster 1: ['artificial intelligence’, 'artificial intelligence ethics', "artificial intelligence technology’, 'artificial
intelligence education', 'a", 'china’, 'computational thinking skills'

2 Artificial Intelligence itself, and its 'artificial intelligence', ‘artificial intelligence ethics', 'artificial intelligence technology', 'artificial intelligence
ethical and technical aspects education, 'ai', 'china’, 'computational thinking skills'

3 Various educational targets 'high school students', 'coding education’, 'early childhood teacher’, 'teacher education', 'empathy’,
(elementary school, high school, 'classification’, 'convergence', 'interviews', 'digital education’, 'college students', 'music education'
university students) and teacher
education

4 Elementary education, creativity, ~ 'teacher training, 'elementary education', 'chatgpt!, 'art education’, 'creativity', 'digital literacy’, 'writing',
and digital literacy 'creative thinking', 'digital literacy education', 'creative education’, ‘text mining'

5 Utilization of Al in educationand ~ 'ai in education’, ‘pre-service teacher’, 'convergence education', 'pre-service teachers', 'christian education’,
changes related to education 'software', new normal'

6 Basic education, educational 'competency', 'information education’, 'educational program’, 'education, 'topic modeling', 'research trends',
programs, and trends in 'literacy’, 'elementary school students', ‘ministry of education'
educational research

7 The Fourth Industrial Revolution 'the 4th industrial revolution', 'intelligent information society', '4th industrial revolution', 'liberal arts
and the resulting changes in education', 'the fourth industrial revolution', 'digital transformation', 'research trend', 'network analysis',
education 'blockchain', 'secretary’, ‘personal information', 'internet of things', 'university education'’, 'core competence’,

'covid-19'
Data literacy

data lteracy T2 Q17 719 = o] oifgt 71 HU ] 222 53k 55 A3k Figash o] 77e] 230 2 72
2 srelalgint
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Fig. 4. Clustering using community algorithm for data literacy
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Table 6. Clustering code and keyword for data literacy

Cluster Code Keywords
1 Basic Literacy and Liberal 'literacy education’, 'liberal arts education’, 'citizenship', 'literacy', 'convergence education', 'core
Education competency', critical thinking skills', 'writing', 'primary english', 'smart media', 'children’s literature'
2 Information Literacy and Health-  'information literacy", 'education’, 'covid-19', 'elementary education', 'e-health literacy', 'health behavior’,
related Education 'health promotion’, 'university students', 'health information', 'health literacy", ‘technology acceptance
model'
3 Digital Literacy and Al Education  'liberal education’, 'artificial intelligence', 'elementary school students', 'artificial intelligence education’,
'creativity', 'digital literacy’, 'latent profile analysis', 'academic achievement', 'digital transformation'
4 Media Literacy and Information ‘critical thinking', 'media literacy education’, 'media education’, 'communication’, 'platform’, 'latent class
Reliability analysis', 'news literacy', 'youtube', 'media literacy’, 'disinformation’
5 Al Literacy and Software 'ai literacy', 'sw education', 'computational thinking, 'ai education’, 'software education’, 'digital literacy
Education education'
6 Data Analysis and Remote 'network analysis', 'non-face-to-face', 'topic modeling', 'social network analysis', 'text mining', 'ict literacy’,
Education 'research trends', 'distance learning'
7 Information Education and 'information education, 'competency’, 'children’, 'correlation coefficient'
Fundamental Educational
Competencies
Digital Literacy
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Fig. 5. Clustering using community algorithm for digital literacy
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bl U] HA S2]AE = ‘university students’, ‘media education’, ‘pre-service teacher @t -2 71| EE2 4]
Eloj 9lom, AF Wt WAL YA T2 ol A o] HR[H A|TQJA] WS- HEg ettt oAl FA) S 2 AF
+ ‘age’, ‘chatgpt, ‘communication’, ‘writing’, ‘critical thinking' 5-2] 7]/ E2 T4 &|o] Qlof B]H&] Akale} oJAL
25 52j9) $242 22510, ABASTE) HBUES B Y )L DO Apnig of
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Et. oA HA S2| AE = ‘e-leaming), ‘information literacy’, ‘ict literacy 2+ 22 7|9 =& 2 3total 9lom, 4
B 2lej2|Ale}t nlt]o] glE2iA]e] w4 - 7FESFAL QT ‘smart education’, ‘media literacy competency’
oF 22 7191 e A2 e nljofof tigh v olsliet 8 58S washe dl 22 S ok A
HA) 22 AE]= platform’, ‘computational thinking, ‘digital technology 2} Z2 7|1 =& E&stal Qlo] fA|E
7|&2 0] mhE Akl 9l o wa-5 RS iAo 2 of B RIK 22| AE = i literacy’, ‘artificial
intelligence education’, ‘creativity 9} 22 7|9 EEZ 743 5] o] glom, Q1525 elE| Al o)A AL E 5
Yoz mee e

Table 7. Clustering code and keyword for digital literacy

Cluster Code Keywords

1 Basic Literacy and Educational 'literacy’, 'network analysis', 'education’, 'learning’, 'middle school', 'core competency’, 'digital education',
Research ‘research trends', 'topic modeling', 'orality’

2 Critical Thinking and ‘age’, 'chatgpt!, 'communication', ‘writing', 'critical thinking, ‘reading’, 'children’, 'need for cognition'
Communication Skills

3 Pandemic and Changes in Remote  'covid-19), 'elementary education’, 'online class', 'distance learning’, 'reading education’, 'cluster analysis',
Education 'lifelong education'

4 Digital Literacy and Accessibility ~ 'digital literacy’, 'digital literacy education', 'higher education'’, 'digital’, 'digital media’, 'digital media
Issues literacy', 'digital transformation’, 'elementary school students', 'liberal arts education', 'digital divide',

'software education’, 'digital gap', 'internet!, 'elderly’, 'competency’, 'information education'

5 Higher Education and Digital 'university students', 'media education', 'pre-service teacher’, 'blended leaming), 'digital citizenship', 'digital
Citizenship Education citizenship education'

6 Information and Media Literacy ~‘'network analysis', 'non-face-to-face', 'topic modeling', 'social network analysis', 'text mining, 'ict literacy’,
Education 'research trends', 'distance learning'

7 Digital Technology and Creativity ~ 'platform, ‘computational thinking', 'digital technology', 'convergence', 'the fourth industrial revolution',
Education 'youtube', 'music education'

8 Al Literacy and Creative Thinking ‘'ai literacy’, 'ai education', 'artificial intelligence’, 'artificial intelligence education’, 'creativity'
Education

Knowledge-information Processing Competency

A A B2 2] 7] 737, ThE Bl =2l Hls eA7E Alof 4 7|9l = 2AME 302 TRE 2 EZA
off vJsf| W5of 245k 7 FUE &M At =EH S AHE HZ e THFig 6). 24 22148 54
AT Zoft g FAE SAH LR FAE of 3loH, o]= A A1 HA{2| 7ol thRl ool oA A
253 Q=R & RISt of| 5 501, ‘core competency @} ‘creative thinking competence + ST 1§04 T2
A=l s AFES UEIH, o213k dso] thdet w5 2Pyt g3t w0l A ofPA ZxE 1 JA=AE
A|AFSHEE. ‘knowledge and information processing competency 2} ‘confirmatory factor analysis 2} 22 7] == A
KA1 7] 2)oleke) 7lol A 8- L, ol % Q17§ 4xlolN F23 olee 31 9
=

o

82 Hojzch g Jemo) 1oy U Se A e Selaeele] o] ol SHHR o
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Fig. 6. Clustering using community algorithm for digital literacy

Table 8014 Ueh+= 713} Zho] A A Z2|AE|+= knowledge and information processing competency’, ‘the
2015 revised national curriculum’, ‘confirmatory factor analysis 2F 22 7| =52 F1/d% o] Qlt} o] 7| AH
= AN B e 5t e ws A 2 7} wHol| 342 a1 Stk 53], ‘The 2015 revised national
curriculum’ 7|9 == w8 7 7R 1 TAH AE UERAH, ‘confirmatory factor analysis = ©| 23t &gk
= Ytoh= 5AA WHES dhgdsict & HA 2 AF = ‘knowledge information processing competence’,
‘aesthetic emotional competence’, ‘creative thinking competence’, ‘community competence’ 5-2] 7] E2 /A=
o] Ut o] ZR|AE= ol H Atare} A A2 Aol IAE 7| ESE A5 0] 1O, ‘creative thinking
competence 2+ ‘aesthetic emotional competence + “&2|/d 2 ZHd 18- F2/4S ZFE5H, ‘community
competence = A8 AeFat AAIEH AFLE YeRATH Al A S22 AE]= knowledge and information
processing competence, ‘elementary school’, ‘barefoot activity 2+ 22 7| E5 g5t QI o] | AE =%
5 WZo)| A 9] A A B A 2] gt A Shy 52 T2, ‘barefoot activity 2+ ‘elementary school = 2
5ot s ol A A] 4] ;ﬁiﬂ B F s 7197] |15 Al 252 e, o]2igh &0l sHiE9] o
& W] o] A 7]ofsk=A 5 gtettt Y MA] S2] A= ‘core competency’, ‘core competencies , ‘career
education’, ‘convergence education’ 522 A= o] Qlt} o] F¥AE < A At g w8 x-S gt
231 2191, ‘core competency 2} ‘core competencies = ST w804 F QA= 7] 7R TR, ‘career
education' @} ‘convergence education = ©]2{¢t &fo| 2 2 W8T} §3 WKof|A oA L& =X 5 LEL
ek oAl ') S2AE = ‘manufacturing’, ‘knowledge’, ‘manufacturing industry’, ‘software’, ‘statistical analysis,
‘policy &} 22 7|9 EEE A= o] Ut o] FRAH = A X Abat T H 2|4 Hejet FHo) FHS F
™, ‘manufacturing 2} ‘manufacturing industry = A W ] 419] AgHE “policy @} ‘statistical analysis + A 4]
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2o thsh A -2 Jhg st} of Al ’HA] S2AE] = ‘business advisory services, ‘communication service
industry’, ‘computer services’, ‘extemally supplied services’, “film services 59| 7|YTE 2 FLAJE|o] Qit} o] =
ZAE = H|ZYA Au|ALQL o] F X o) #H 7| EEE /% o] 912, ‘business advisory services
9} ‘communication service industry = H] ZU 2 20| 4 9] XA H 22| 7fS thR AL ‘externally supplied
services = 2|5 24 8-S LreRATE npx|ato 2 A Rl S| AE|= ‘user companies, ‘welfare services',
‘technical services 2F 22 7| E& EH5IAL Qlt}. o] ST AE|= AREARRE AH|A Atjlof BHAH 719 ES
2 /4= o] 9.0, ‘user companies = AFEAF S 2] AH|A A Z-E, ‘elfare services 2} ‘technical services +
TRt 714 9 52 AH|AS YERdTH

Table 8. Clustering code and keyword for knowledge-information processing competency

Cluster Code Keywords

1 Knowledge Information 'knowledge and information processing competency', ‘the 2015 revised national curriculum’, 'confirmatory
Processing Competency and factor analysis'
Educational Policy Research

2 Creative Thinking and Emotional  'knowledge information processing competence’, ‘aesthetic emotional competence’, 'creative thinking
Competency competence', 'community competence'

3 Elementary Education and 'knowledge and information processing competence', 'elementary school', 'barefoot activity'
Practical Activities

4 Core Competencies and 'core competency’, 'core competencies', 'career education', 'convergence education'
Interdisciplinary Education

5 Users and the Service Industry 'user companies', 'welfare services', 'technical services'

6 Manufacturing Industry and ‘'manufacturing’, 'knowledge', 'manufacturing industry', 'software’, 'statistical analysis', 'policy'
Knowledge Management

7 Business Services and External 'business advisory services', 'communication service industry', 'computer services', 'externally supplied
Support services', 'film services'
Discussions
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A EHO R AL 4 9l 8012 IR HEsto] vl tholo] 1ko] EYHACE oA FolH Al ¥
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Fig. 7. The connection between Al literacy, digital literacy and data literacy
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