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ABSTRACT

This study investigated biology teachers’ understanding and utilization of Technological
Pedagogical Content Knowledge (TPACK) and Artificial Intelligence-integrated TPACK (Al-
TPACK), with particular attention to subject major and prior experience with digital tools.
Forty-two biology teachers and forty-two ethics teachers, selected to represent contrasting
pedagogical contexts (inquiry-based vs. discourse-based) completed an online survey
addressing their use of digital technologies, instructional integration of digital tools, and
self-reported TPACK and AI-TPACK. Three key findings emerged. First, early-career biology
teachers actively used digital tools for both instructional and administrative purposes, yet
relied more on self-directed use of personal platforms than on formal institutional training
to develop related knowledge. Second, biology teachers’ subject major did not significantly
influence their AI-TPACK understanding or utilization, suggesting that personal digital
practices may play a more decisive role than disciplinary background. Specifically, although
the overall AI-TPACK score differed significantly between groups, the effect size was
moderate, and among the sub-components, only Al-Ethic reached statistical significance,
suggesting that the group difference was primarily driven by ethical awareness rather than
by technical or pedagogical integration. Third, more frequent instructional use of digital
tools was strongly associated with higher levels of both TPACK and AI-TPACK, underscoring
the importance of accumulated, hands-on experience. These results highlight the need for
biology teacher education programs that combine subject-sensitive instructional design
with individualized, practice-based support for digital learning. Al-enhanced, personalized
professional development may further strengthen biology teachers’ capacity to meaningfully
integrate Al and digital tools into their instruction.
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Introduction

WARS] AEA2 23 FQE WS ALe] A QI TALE ThFofA gtk WAL RF2 T
2 o] offet, & o] MFAut T W S 2ok B3 olH 714 Q1 A = ofsiH
2 QAo F5714 QA7 AN A 7R EAC R S 4= Qlom, AAl| w4 o] A
SHAIA 7|Hholgtal & 4= Q1T Baumert et al., 2010). E=8F WA} B-55F 2| A1} 57] FA] wALSHY A3 S 2
23} WpEE o] 217291 ek u]E 4+ Q) thRimm-Kaufinan & Hamre, 2010). ©] 213+ 2i2}of| A WA}
Aol 4 QA= Wik HEA A, wao] thot A, weof] st B, 27| 857 5 o= AA =] of Tt
(Fauth et al., 2019 ; Fischer et al., 2012).

2| =2 g E- Al i 2(digital- Al transformation; DX)> WA S Fofof| = 2 JFF& 31 Qlth =,
HAE 7]&o] S5 HaEal, ws 20| =7 Halete] wf 534 waodF 9 Anho 2= S|
o] w4-3hE AHE ATst7] o 2R AL Ut} £5], Q1-5-A]5(Artificial Intelligence; AT) 2 & T EE]+= T A]
g 7]&9] =Y o= Qlol S84 w5et o] Hatel e wAke] ul4=sks o] thgt Q1A & Hstal ik
(Reimers, 2022; Zhang et al., 2023). ¢l S°1, COVID-19 #d|9] o] & 5tul dol| A FZA 4, tIA D Al AF=
0]4‘1 22pQl o2hg -2 H A Y 7o) A-go] ABEHA wAake] HAE-Al w2 Ago] ofd

4 QAR BAFSHIL Qloh Egh o] 2gh jigl&ol| A 7] A} HA|E o, 519 FE e E 5 thdh 9
3:.4 AT T St Qi) 1B & ShEA B ok a5 B Qo wAke] HAH-Al 7| &8 5
H1} o] 7)o MY Q= W82 A o] WAL Aol A B2 25 A] 11 QThFauville et al.,, 2021).

W5 Foke] tA| b= o] HEE Ao ghou), X ¥ ot HAY 7|&e] tiFstet 44T Al
71& T R Qo gAH-Al Z-8&-2 QI 7Haet e w5 Foke] -9 Tl ool AL JITHOECD,
2024). AA| 15370l A+= Al Big Data, Cloud Computing, AF=1EJHl(10T) 502 thE &= HA|E 7]&9]
T gohE BollA et o] Ee 4 QIR e A2 Skekal }loH, WA} 4x8)5ljof of= ot
1} @ el gk wdt 22 A9 MskE 9 1elal QI ThHaderer & Ciolacy, 2022). =, DX AlT] WAL= th
S A A G A; = a0 QFAE kS o], A mljAlek Al =5 E-8-oto] shEAke] et A}E—E—
ZE 1ok AAR oI} AR A O] M Ed 1 S B = st Qlok

SHA|RE, w0l Al ThefSt digital Al 712] 285 918t Al B ¥igtel D] AA| 4=¢fo] o] Foi7]
o] b e Aaket ws Azl A= YA tfgho] S 261 o o] 9ol = HA| 7HA =2 &
Ch(Fauville et al., 2021; Reimers, 2022). TW2FA], o]2{st 24| S | 4517] sl M2 932 w4shks
2 AL ORI " AL 7| & 28 0SS, Shs-8 Rl = o] Sk E oot HiRbE o] A=A }le
o, HAY Al E5-5 289 w59] Sk 9ol A A 0 = F 93t Zlo] FolQl7tol| tigt A7t A 2
I 27} Atk(Bonfield et al,, 2020). 5] XA} HAE =45 4 Aol Aot Aj+/dstal 4-&5h=
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e B 71 W47} obleh wa B4 9 Abe] Q1A A R RAo) ofs) 29582, oleid
o @4 8012 W BAsH= o] Bastch Yokt BRI E AnkE 771S BEH YT
2l E3 AL 36, MMt ATE oIS BT vlole] M, DAL ET 7] 4 B 5 TR

Z-50] BAIHIL Jlom, EuAtelA] 3lof o] & &A= T 4 Ql= TR s R SE I ol
& 237 WAL A F- Sh7} = A Th(Holmes et al., 2019). 2|2 348 F=tet Al 7] & 2-8-0f tdAdol o
g AEoM e TRl E5E50] o] F01A)7] flsiie Hetuat A E-Al 7] it g 5l
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o Aeks HushA| Z3ksto] AAlske iol S8l A|A|5EAL UATHChen & Chen, 2025).

olFA MEZ YAY- Al A2 Altjoll= WAL el 245 AYstr| Yol 7l& waUE-A| 4
(Technological Pedagogical Content Knowledge: TPACK) ©] 523 o] 24 Y0 2 A|A|E|ojgkom, tj7]
2.1 Athe] AP} 2500 & 8] 220 2 Q14| 1 SITHOECD, 2022), TA|E 718 23}7] 12t
@4 ofgke QAo WIAA(CK), TAAAPK), IIEANTR) FBA 458 Fol B
WAL HEA g7Fo 2 BTN, 7|&- w4 W-8Z] A)(TPACK: Technological Pedagogical Content Knowledge)
7 0 2 AIA =] o] SThCelik, 2023; Jiménez Sierra et al., 2023). B Ltol7, 2|20l = Al 7]4:0] hitol] wha} A
A% HAE 7| 7IRF TPACK 71 5t ofueh AlE w43 1 &ofl 34 o= 28 4 Q=9
22 ojn|sh= Al 7]HF 7)< 4 U122 Al(AI-TPACK: Artificial Intelligence-based TPACK) 7@ o] AIAI =]}
THCelik, 2023). ZL2{4 OECD(2022)2] ZAto]| mp2 ™, Il WS 72 T2 E AR 2211 oFd 5 Q1
2t QA2 FA1H a2 AdRlehe BHH, wAke] gAY Al 7|&9] ‘WeH EE pE2 s W2 A
o2 ¥UET 9tk =, 3k BRI CIAD AL 7SS A g sH Qlme} TEL 2ol z oL, ofefat
A8 7|&& gt 0 g 42Q]of Feloto] E-8-ohe wAl o] 72 n]Set Ad=olekal & 4= ik A

2, ot A%olA o] Fof A= Al g2 F2 ‘Al o]l 7N F41 0] ZFFE] 7|Rt wgof| v 2= o] 9
Oon, Wit Y LA AIE W4 EFE FEohe fFolls FE6] BYoHA] Zotal Qe 202 B

CHKim & Cho, 2023).

E3), g atstat 22 gAY S4 b= Al 7]e] B2 Foll A dlole 24, e d/de] Al
3}, B35 A|lAR] BEF] o 7|6 &t 5 7] SollA= =3517] ol 5= 7Fs ot of 7] uliE
of, = wAtollA| 1o Al 7|8 w45t 7idke] H /05 U & ohe 210 &2 2H83k 4= QtHAlam et
al., 2025; Byeon & Kwon, 2023; Zha et al., 2025). AA| 2 AJH7}5E 0| M Al= Test HX 7] &o] ofet &
T3Pyl fLxo HIHE A E HEA 7| =2 7|5 4= 7] wlEell, BEaAke] ALTPACK 5=
et Zslshs At ol 2 23 Aolot vhA, 2] wat= IE A5 7|&o] 3hg W8 AkA|et 2
S| A= o] ok 4= 7RIt &84 T, daels T Ala2] 24, I8R5 718 JAFE 7 9
| 52 & wse] A FA| = S5k JLom, AL&2] HAE AlRld I w4 =o= &
aL}of| A ZHlsA] o] 01 LHTH(Casal-Otero et al., 2023; Kim & Cho, 2023).

ojx§ wrtol w2} gAY 7|& &-8-9] 7|2]et et thE 4 1oL, COVID-190| % Z¥HA 0 2 WARS]
HAE 7]&oly T+t E8o] Z7lsllom A/dE Al 574 o] % Tes] /oA AlE E-86te 719 =
S7Fotal etk wiEha] Y29 A1 28 712]7} Edje|of alatof| whE 2ol 7} S A& 1 Ql= AR Aol AL
TPACK 2] x}o]7} w3t} 24-3-0] E/dof| A ] &&= ANA] wAL7HQle] A|E 7]& -8 3ol | 2=
AJNA & &l F o7} qlrt. Entoh e, A atsh2 Alg -85t g AdY oifo] w4 gke] F4lo] &
g, AR TS AW AP A EAJo] ALTPACKS] 20| & 714 @ =4] BASH= 712 w4oak 7
ZSHol| A mi-¢- F L3t} T3t WAL 7@ oJsf =y M5 7t =Tl s A 290l A-8ote w44 S5t
o] F0]2|= A2 ol B2, AITPACKO] that & o] AA| ol 4-8ot= T4 n4eFs atot=t
oj JEFe FEA1E ke A o1%5] 5251 HGuan etal., 2020).

WAL YA 7| S8 A2 al}h ARA|Q] A4 1t oA o] lom, E3] g atel ik Al
o gt FAle] 5/ @A AlA Hlolg 24 =t AlEeo]d & thet A" =te] ARgo] k<5t 4]

rel
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Q1Al%]o] @ 31 QJth(Chen & Chen, 2025; MOE, 2022). Z12{ut t] A€ 7] &0 thgh o]s =it 2
A =}dollxfe] A E-8o 2 AFFA 07 o]of|= A2 ot} e o] 11 o] =4 Q] A
AT BYHA waAeke 45letn | A2 Alwo] thet ZAA QAN 2| e 5
25 F/g8th(Hu etal, 2025). 12| B2 WAL AL 75 o] FA4{ 1} wietol|A],
goteAlet HlE 7191o) £ B8 4P w7 F AU AL Q= AE AA| 9] E4dol| of s
o] 22830 ZM AI-TPACK /ol F&F= 1& 4= 3l Aot
Aol M= AFEuA] HAE 7]& -8 A2 AL 7IRE 7]&- 2 42| Al(AI-TPACK)2] o]
ot & ZHol| A A ateke] wakd-gat WA 7iRle] YA E Al o] YT Ato|7F EANGH=AIE 5t
225} o] & Bl EwAre] TR D Al 7]&9] ofslet E-gollA] watebe w4 gke] o)A)A g Qlut
WAFZHRIS] HAE 7]& & Zolghs WA 221 F AIFTPACKO] 20| A| 93 nix|= 291 4
Soto], Arg ke make] A1 A ZFEtel 7Rl BHEE A Al ws] WY& AlAlst At Skl o] & 9
3 WAFS o2 Q18 A5 78t 7] W4 2| A)(AITPACK)Ol| thsh A7 24|12 tha) Zho] A7g3513ict.
AR, w ok A gol whet wAke] YA E 7]& 28 /g0l Aol 7t EAlfsh=T1
A, aLah 1 gol| whek wAbe] Q1B A% 7] 7] a4 UK A|AFTPACK) 4-20]] 2ol 7F s =71
1;1\]31]-]’ g]x]-]?<4 Qolo] 3y X—]_-_J,]- LHxHX—] Qolo] r,]x]EJ E:rL_J A X4 9,1-_9._ H]E—g AI-TPACK &= _J ;(].
ole} HeiAjo] =2 Mg 99]-8 Hajoly}y

T 20X uvuT T

o}
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Research Method

A ast kg3t 7iQle] txg-Al A3 2] Xpolof| et YEwALS] A 7] & -8 It AL 7|9
WA A(ALTPACK) o5& ZALSEo] BAY8RaLA} 51GiL o] of) wlat AL TPACK /3 &

LH%Z# E/dof| sl P == M3 KA 2N aAP L ORE B E 4 Wl 7| H oz &
_9_5 5_]— _T_]T__n‘_X-l ghC_L 7 o-l(LHxHZ-l Q 0])_,] Al _9_7<1-_g_ oz 7H E] 9]-—]-011:]-

o] oq = 07 W3 WAk A AT S Y 7Fe-dl o] = 2R10] ALTPACK /ol of 2 HHS B
ol =& Fshe o] 54& £ k. kA wah A3 7 w2 d al4-shse] A4S ofn|sh,
A Al 28 Fg2 DAL Wt A B =75 AR 2 ALS3) 2 A4S 727k o]0 we} B
WY Th WIS Ted] L sto] ] mshs B4 o] ofuk Ale] -84 8o Qlo] 4S5 Wgto]

Tglo] TR s wakE AAgstgirt.

ghtet A%, glo]E] 7|8t E5 o] s = Ay atst watet ge] @23t 71
A= &) A THE thH] o 24 A2 Th2 wat we Lol 3 aflat Ay 29l
ataLz} shoict. 22| k= ATPACK Y s Al ‘Al 2-8-2] 8214 118(Al-Ethic) & ¢ 52355
AR TR 7o) SElotm, AT Z-8-9] ‘R84 -ALS] 7] &2 e 7} H| 1w PA[A O & o]
|2 A de}. 1202 ARufst wato] A 2§ et vl ol Qlo] 71&t W84
28 7k 9| 2she | eho 241 2] A& afsto] Aestlet. &
HIE % JM%M sl 25 A SABI A A APt mvt M go] vl A2 g EEs

=
9% B WAS stk
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wHebA, of Aol A AAShe ik gl wh FIF2 B watZ dRtekstr|ofl= A2 Al U™, AL
TPACK /dollM at 213} 7H1 o] tAE-Al X 7o 221F 1 J2eh dX RS FAstsh=d o

gttt
Participants

Ay ate} ARk F-2] WAL ti e 2 YA 7]7] 83t A o=, g7, APt 2= 7leld .l
1} PCK, TPACK, AIFTPACK 42 H| w80 24 Y A|E T0] w54 &-8o] ALTPACKO] HX|= Y=
ASA oz FASIQITE Y ate Ag wArel B el 2] MF WARS ti o2 2210l RS Al
o AAISHATE. B3, wl& AR Aol W&ol 7 UehE 4= Qa2 | 4aslsl7] sl 15 A A A
of et EWA 27 G| WA 27 S AT o= BRGIITE & Y BE Ao B4 Ulg2

QFUsE o™, 2P Zrofol] F-2]gt 790l 22l A 7ol FrolSte & 5FQITE. Aol rofgt 847 HA
A9 4 Lol=32. 00/\1](SD 593) o, A = 23g 227(26.19%), 91/ 627(73.81%)2] A

£ Helon stuwdH g = =5k WAL 33%(39.29%), A5 Shul WA} 519(60.71%) 2 1158kl WAL
o= W Ho l?iE} ABE AR G2 wARe] A ehE AW B Aol A Skl g2 [Table 172} 7.5“2}2 ,

YT aret AR 79 of/d W&} A5 Stul A 2] WA BlEo] FThA O 2 ol it &2 wALe] 7
ol &= of/d Hl&o] Eko, Stulg oM & FE2i7l o7 el = g3tth

Table 1. The distribution of participants’ major, gender, and working school level

Mai Gender School Level
e Malen (%) Female n (%) Middle Schooln (%) _ High School n (%)
Biology Education 10023.31) 32(76.19) 102381) 32(76.19)
Ethic Education 12(8.57) 30(71.43) 23(54.76) 19(45.24)
T3 ORI E 7)&0] w2 -2 gl Jlo] A xtol7t ERfeh=A] &Rlst] lsto] Aol Fofdt
AFE9] Lol /g ol tiet -2 wA okl o, HE-E SHHQIO = o] Uo] A, A& S Eﬁm =
Irof| oisl wAHEAS 3T - M ko] i Lol & 4hEsh At AJEWAR=E 32.674|(SD: 6.25)%
F2| WA= 31.33A4(SD: 5.59)2 UEF o, & Xk 7 A5 220 st

WAEA Avp= EAF O R °—4
AJE A }% %"éﬁ 23.81%, 01“

oZ:
ruE
Hm
ﬁ‘
™

Sk apo] 7} ERIE| A] QEQkTh(y2 =27.167, df = 22, p = 205). 4o
276.19% 00, -G WA} Z FAIL28.57% o] A2 71 43% = eSO a

Zol7F HeRHA] edketoe = 246, df = 1,p = .620). ThbA] 57 R hol] £k mAbs <) L}olw&ﬂé e g
Aol FFZ v 7hs/dol Rrhal & 4= Qlok. ol Fofdt wAkE 2| IF a2 i er W2
oz a2 A7|7F 2T 19901 d o] sfg et Aol ofet wARE 5 19801 o] SAYAR] 472 A
<J5hH TR H|o|E|Eoj| sigstE R, At of aAE2] SEo Rlof AFelZeHA ool whE JFe

9
= = QAT 1HH, ol Fofdt wAakEel S At Al A thE tHiEsy o= Albd & Ald et

4>
30
)

Measurement and Analysis

UAY AL BEI ARG A Al cfe IARSS] A7) Q14 £FS 244517 Sl ALTPACKO] o

SHAE B 272 ZH(Celik, 2023)& E-8-51% 21, TPACK PCKO]| st A& 23 (Celik et al., 2014) 5 47
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& 714 38272 H/doto] Z-&okTt ALTPACK A& E3he ¥ 2ol oA7t 3 A7E &-8sto] &
Afet 23 Cronbach ai= 9762 A2 =7} 52 20| AT TPACK T PCK & £ A Aol A A4 g
2% 5 A wsd =l Aetet B2 A B skl ARAE eIl AT AR 22
petalg g7k 2]10] Fofshe AT AlnjuE S8 238 Wee] Bd=S Fstion, A3 wAte]
SRS A 2|2 2L 1A TPACKﬂrPCKﬂ A A& S 23S 2-8s5to] A% A3 Cronbach
aE 932 A1F =7} 2 0% SRl itk J2{uh ALTPACK, TPACK, PCK A2 232 1474 S4
O o] glonz wAe] /i1 tAY = & *a‘%ok A, tA L = F-gofl tigt ofsi = 4,
A =) w2 28 A 9oz Esto] £ FUIsIlth UAIY =t 28 A7l ot 2%
S4EPO R 51T T HAE =7 B8 AR FR EES= UAE =7 73, HAE A E ek
2 FF, HAE =7 2-8ol| tiet HH 25 2ol gt AEo 2 /sl tAE =7 Z-gof thit o]
sll= 232 stedlo] 28 olsle, AZE o] EE olsl=, HAE =7 B8 £ =0 35T 45}
Aom, SHA XP° 22 W3S 218l 07 10871212 FeojellM Aest=S st HAE =72
WA BE PP tE 22 A Y =5 28 us B A 77 1S 2 AP aUs
of2| &% 5), 4714 ws BEo] WM H7)/F 13]/5F 23] o) dhe] 380 2 sl
WA A FAE G2 A alp-HEA Aol g 2714 +2(PCK)E SAHL 4 e 623

319l 2491 PK 78, (K 488 F 17797 A E 7% 24 W& A A(TPACK)?] Q14 32 SH5H=
O

T oke] 4RI TK 478, TPK 612, TCK 4% F 218 &2 Z&oLeE /4= of At 1-8A]5 7]
& 0482 A(AI-TPACK)y= 74517 et 7282 S| AITK 523, AI-TPK 758, AI-TCK 4+, Al-
Ethic 473 & 27222 o] FoiA ot 718 39| A4} U8l gt A& wdsty] % RE s
= AE7F2019) 7] el g e U8 HE s A ES G2l us Hwrh 1019 H4E ot HE £ Uié=
Aot A= 2efQl o vl g Hgtw gl o, A& 9 we] A3 19 w2k 034 oy WA}
= % X}‘ﬂé of QAE HEl WARES e g AES AASIIT 34 & 845 0] SHS B 24

M

7S ArZEslo] 2}7] 914]9] 4222 SPSS 26,02 &

A, A9, Sty 52 R 712 Bl disl e A E A
J kel wAteh {2 wARS] wit S/ W2 HA" 7]& &

PCK, TPACK, AI-TPACK 45 2}o]7} EAsH=A] Z15-517] 9fsll 13 waks el o = shof
8= ’“Al oP°ﬂEJr Levene—J vﬂ‘l 7&.‘7@ A3E 29_6}222‘31, ot Pt XPOH 5741 o8 ﬁ°ﬂ

HE
o?l. EEl —9~
% 7

)

At
ot
I:lzl

E = -
°l°1 qz]a E%L«l Z*7lx4°1 WS E %HJE% EeR=] EAP% Al 7 L_E TES PCK, TPACK,AI-
TPACKS] 2}o] 2 EQ15}7] 93l U Uu 2] BARE A (one-way ANOVA)S Al A5
Results

Teachers’ Digital Tool Usage Propensity

WA TR 7|ed 77 EE EY 29 T 5 T UAE 717 AHE A=, 2 ARs= A2 7
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7191 9, HA" 7)718 €83t 8 &5, bAY 7l7l &ofl tigt F & =5 el oigh 89 23
2519t [Table 2]°1 LPE} A Aol 21, 51F F HA|E 7]7] AR Altel] tigh A ZollA= A
of| Zrofdt WAREZ 4~6A|7F oleh= §HO] 47.62%= 7%}%—'5: Hl&< A5l thg 2 & 7-9A|7F o]
22.62%, ‘1~3A|7F0] 21.43% 40 2 WAMS0| SH5} 01, ‘1047t o] AY AFESH= WALE 8.33%LF 2415}
£ A0 =2 SRIE|QIT, o] 2|3t At HHHA 0 &= wARSo| 7 ARt E FH, 7RI BAAL 5 Thet
EAS 9ol olF F W2 AlkE HA[E 7]7] 8ol Folistal Sl en]gttt. § Yolrt, o] &lto]] 3o

S WARE2 A 2 5k 5 HAE 7]7] -8 Albo] Zrk= A2 & 4= USRI
Table 2. Teacher’s digital device usage propensity
- - Group - - Total
Item Answer Biology Education Ethic Education (%)
n (%) n (%)
Using time by Digital Device per a 0 hour 0(0.00) 0(0.00) 0(0.00)
day 1 ~3 hours 7(16.67) 11(26.19) 18(21.43)
4 ~6hours 21(50.00) 19(45.24) 40(47.62)
7 ~9 hours 10(23.81) 9(21.43) 19(22.62)
more 10 hours 4(9.52) 3(7.14) 7(8.33)
Primary Device for Using Digital Smart phone 20(47.62) 30(71.43) 50(59.52)
Device Computer(Laptop, Desktop) 19(45.24) 11(26.19) 30(35.71)
Tablet 3(7.14) 1(2.38) 4(4.76)
Primary Activity using Digital Social Networking Services 6(14.29) 10(23.81) 16(19.05)
Device Gaming 2(4.76) 0(0.00) 2(2.38)
Reading Books 1(2.38) 0(0.00) 1(1.19)
Working-related Tasks 17(40.48) 11(26.19) 2833.33)
Web s urfing(individual Interesting) 12(28.57) 18(42.86) 30(35.71)
Learning 4(9.52) 3(7.14) 7(8.33)
Information Acquisition Method Teacher Training Course 1(2.38) 0(0.00) 1(1.19)
for Application of Digital Device  Professional Learning community 0(0.00) 1(2.38) 1(1.19)
Books 0(0.00) 1(2.38) 1(1.19)
Web Search(portal, blog etc.) 5(11.90) 6(14.29) 11(13.09)
Youtube 30(71.43) 28(66.67) 58(69.05)
Instagram 6(14.29) 6(14.29) 12(14.29)

AEWARE] HAE 7]7] -8 ARt tigh B3 d2 ER15H] fiste] ekl 28 At} vl wgth
A3t BEWARRE R WARE BE 4~6AIZF O 2 ZHSH H|E o] 7P Wkt 7 ARF SHE T T B
20% 78 =& Y O U, -2 wARe] 7% ‘1~3A17F ol T H2 g 5ol FESHI T F AT EJZI g27171g
& AlZHH] Aol A= FE2A Q] 2fo] & HYl o), & ko] Sl is] =1 Z“*t@@%# ok Aat A
2 0 & Folgt xfo] & LFERIA] UTHF =037, df = 82, t= 880, p = .848). 2tA] JEwAL] AU T |d 7]
71 28 AR A3 B/l et 2AEThaL B = ol Fith

OO 2 WARSO| F& ARk TAE 717]9] R3S A% A, AREER 59.52% % 7MY =2 &
o HES Hlom, AFE7}3571%, ElES] PC7H4.76% 02 LERTE 0]?—1& Art= wARES bR
717] E-&o] 2 Hutd FA4 02 o] Foj2|= AHFo] k= 2 ofu|dtth 55|, JEuAE 2 ARG
£ OAE 71719 R8-S BN EH, AUFEE 47.60%, FFFE 4524% 2 ESO|U AT 2 7 E
g8 AntEE vk S8SIQinh R, {2 WA ARtEE 28 H[E0] 7143% = WSS o] Qljlom,
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A} EAA £-2of| A 8-2l5t 2fo] 7t ZAHSIATHE =4.973, df =
£ thFsHA| AFEShe el Qe WA, 82| A= THf
I5HRATE o]t 2tol= Ay st wte] - A5 7S]

AR EDALRE F-E|wake] T R|E 7]7] E-8 -3 9] Afo]7} ofr Ezof 7]QI5k= ZQIA] &2l 9
3 A" 71715 AFESHE 39 E50| FolRIAE HESIITE WAFS-2 THIA THAIAL] cheh 9 A
0] 35.71%, ‘A5 2+ 2+’ 0] 33.33%, ‘SNS’ 19.05%, B’ 8.33% w0 &2 2ot Hl w7} =7 Lehtom ‘Al
== 39, n|Rko & nf.Q WA LR o] 23t Aibe wAMSo| TR " 7]7]E &8 5lo] 2 43)5)
= 2-50] 7§1A Q1 T4l Hololl theh )] Asgint ofujg} 2] 7 3of] Qloj A = 52 HIE 2 o] Foj| 1L Q)
S5 ojujotct IHE 2 28 7y RS AT 23t A EuAbe ‘PR 2H91'0] 40.48%, THQIA A

5
Atol] Tk <l A3870] 28.57%, ‘SNS’ 14.29%, ‘BH5 9.52% w2 = YEFT HHH, {2| wAk= 7114 halA

e

of| thgh 4 A1 0] 42.86%, ‘A5 T ZHA' 2 26.19%, ‘SNS’ 23.81%, BHE 7.14% =0 2 S5t = A3
EuARE gE|aAto] vBla] A5 T 2ol Jlo] Y 7]7] 8- iy og wo| Sl QeS¢
o, obx 23t Zho] Agg A 5 OAE g7 =115 85 Ay &5 50| it FFolA 2§

S 2|5l whet T A" 7]7] Z8 {30l A] 2bo|7F EAES TP ¥ o 2 ERlsielnt. Jeu e S

H

o =1

o AaE E-8oto] 5 ATt A4S £ ks 5AIA 0= {23t &fo]7F ERIE 2] 2UTHE = 1.783,
df=82,t=205,p=.185). 5, HA|E 7|7|& &85t 8 50l lo] AF o= 2t 7iQl walAtel oigh
4 A3, SNS ARl Slof Thas 7He] zfo= EAfsEAI R, Wit A -gof] W zfol2tal B7]= offt= A=
ojn|gtct.

69.05%, ‘AEFL3 0] 14.29%, U A4 0] 13.09% =01 oM, ‘WAL A4, HEA 5354, EA ==

3] AETE SHESIGITE B WANSS] A F S wrol gt RS BAISH ATtoll Al FRE 7 71.43%,

‘RUAERTIEN O] 14.29%, ‘Y ZA0] 11.90% o1, F-8] WAt -0l = F-FE 7} 66.67%, ‘AAEFLZH 1}

A o] 1429%= Rt sl i lol tish =3 1 A4S 3 2k, 41

A EAA G942 &It 4= QUJTHE = 976, df = 82, t= 326, p = 514). 0|2+ Ap=AY

Uzt 2wt GA] 94 719 g AlAE mtiol & o8 tAd 7]7] 282 9igh
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Effects of Digital Experience and Subject Major on Biology Teachers’ AI-TPACK Understanding and Utilization

thg-02, StEgloje A ES ol thEs)E ClX|Y E70] F8o| ek ofshnet S4E 4o chat
Ao Q1A o] chsl HATBIC [Table 31 TIAE =7 2 40l o) S 07-10] #Slol
K AAZ B HE WS A Aol o, AR MAFS-S ClAE 7 2ol g Hukael 914 4

2 T o2 SRt 50| stego] 28 ofsl =& et 5.62748(SD: 2.15), 2L Ef| o] g o]s}
= W 5.58(SD: 2.00) 02 F Y] BE fAR£20] Q1AL LERAILE A E £ B ST o
Al Tt 6277(SD: 20022 HAE =] gt ofslj = a2 H T B89 553t =E o &7 Hrlsk=
S UEUIRI. ol2fet Zik= HAE =79 7|52 S olut 2o tigh 2|44 o]sl == S| 7t
Sh wh, 28 ARl 75 ShCRE Q140 WiodEl A0 2 Helt),
Table 3. Teacher’s self-perceived competence in digjtal technology and device usage
Group Total

Item Biology Education Ethic Education Mean (SD)

Mean (SD) Mean (SD)
Level of Understanding in Using Digital Tool (Hardware) 581221) 543(2.10) 562(2.15)
Level of Understanding in Using Digital Tool (Software) 5.76(2.02) 5.40(1.99) 5.58(2.00)
Level of Proficiency in Using Digital Tool 6.38(2.21) 6.17(1.91) 6.27(2.06)

A E O £ Z-gof tfigt o|ei =t 55 & FA o) B, A= A= =)o 28 o]s = 581
Z(SD: 2.21), AT EQo] 28 o5l = 5.767(SD: 2.02), LIAIE &L Z-g 48 T 6387 (SD: 221) 2 2H5I
). 1, g2 WAR= SFEgo] E-8 oSl e 5437(SD: 2.10), AZE Qo] E-g o5l = 5407(SD:1.99), Tl A]
g =7 28 SHE 6.178(SD: 1.91)%] A& Kol AEWARZL ZuEA 0 2 tha FAg A1 247] Q1A =3
= YRSl 2oy A o8-S ATt /st 53 et AAolA f-2Jsh xfo]7F EafskA] 99k
o} 22|22 gAY = 8o ot ofsf ol s ol A= alit EAo] whE Ztol 7} ikl ARt
ofglt}. J, A3} wAteh & WAL B XY 7]7] E8o] Y/dEHE st ol A fARE Al o2
HA g 7|e2 Hotal -85t Jlo B g Wit E4JH k= wAke] 7RI 28 3ol A =t g8t

"1 =0 =
NG 78 92102 AFU 4 922 AAKIh

Experiences of Educational Activity using Digital Tool
AEUAS] YA B 5 B8 0 5Es FdS BA6l] flsto] o2 HAlE =7 B8 us EF
) A 77 B 79, &5 Hlzoll tisiA] A wate] 35 BatE o7 A5 2k Table 42} 2] U

Epgte

Table 4. The experience of educational activities using digital tool

Group Total
Item Answer Biology Education Ethic Education n(%)
Mean (SD) Mean (SD)
Experience of Educational Activities Present 35(83.33) 40(95.24) 75(89.29)
using Digital Tool None 7(16.67) 2(4.76) 9(10.71)
Type of Educational Activities using Subject Classes 29(69.05) 40(95.24) 69(82.14)
Digital Tool Extracurricular Club Activities 7(16.67) 0(0.00) 7(8.33)
None 6(14.29) 2(4.76) 8(9.52)
Frequency of Regular Educational Irregular or None 15(35.71) 10(23.81) 25(29.76)
Activities using Digital Tools Once per week 16(38.10) 23(54.76) 39(46.43)
more 2 times per week 11(26.19) 9(21.43) 20(23.81)
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A 2ol ST Al WAL F 89.29%7F LAY =5 E-85t w8 25 H ol
SHT WA= 10.71%2 YR o H, ehd 2 Y5 WAL= 83.33%, &8 WA= 95.24%7t A E
T 28 o] Aokl SESLE iR WANER TA|Y =5 S8t wsEE HE S 7L 9l
ol e HAE 7|4 w5 S50 Ja] FAHE }lZol = Eotal 7 wARE2] A-2oll=
02" 7|5 1§ &5 30| 26 Ya= ousitt. of Yo}, tA e &5 2835t wSsSs HY
o] F-57} Hchol| wh Xpo] 7} EAYRITtH, 2 o] -5 2] 52 +eyot U =A] &l At ¢itof| Frof
ShAA] WARY] 82.14%7F kol A] S8ttt -SHBH O M, 8.33%+= Bote] EEollA Z-85k3ict
1 -SEBISITE B AL - AEWARE w3t SGoA CRE 25 -85 B]-80] 69.05%2, 95.24%
Q1 &2 wAte] vlsl Wkt T2t Fote] E7kA] EgtehH tAE = 28 7o) Q= HlE A=
83.33%0]l o] 2t} o] = B WAL 5 e E-851A] %= HE 1429%5 Alettiete, Wt £ 90| &
732712 et a7 -gof w2 2to| Bt 7RI Q1 &g uieke] o) 7} i F 4= Jlth= A o ugitt.
watohle}, gAY =45 283 47140 S FEo] HIEE Bl 34 tA Y Ve 28 A7
2fol g AT HI 71 H o] ALt 28] ARESHA] o WARS] H]E-2 29.76% 3 01, F 13] E-8df= 1l
ALO] H|-8-2 4643%E 71 Hokom 23] o)A} A-ga1= wAte] Hl80] 23.81%0ll D5ttt ol2|sh At
£ 7024%2] WAl H7|4 0 & fAY £ E &89t wSEE-Z £3st Qg ou|sitt. E& O]
g £70o] 282 Tt S8R E ORI A Q) 8 7IA§ BF Egtole Aoy, 474 Q) 282 WAL
Qlo] A=A o & tR|d 7|&o] E-gof /HA Y 4= g2 ou|sitt. A 2= Y2 uAE B 7|14 =
£ 28514 ghg' 0 2 o H| 82 35.71% oM, a2 WA S5 HE 23.81%2} H|w e wf A=A
o] Zukx o 2 x| Y - &-g-0] 2 F/do] Yk ATl et =5t 714 &-gof| thal 5 13
S5k v 8ol A B TA} 38.10%0] 1L 22| WA= 5476% O] B2 TAE 7|42 AIZ oz &
St A2 uAke] Hlgo] iy o2 W33 o 4 Uk g, ‘5 23] o) S8 o & FH T HlgolA
AYEWAL7E26.19%, 2] WA F21.43% 24 A E0AES] S & HI&o] =] LFERITY
olof tsl A=A A Y EAE 285 nSSE T SHolA &2 wAkeh v w el A Uefh= 2}o]
7} A 0 &2 fofgt AR FRlst7| ol w242 AAISHI o] Aflo] A7 A}, tAE EH-E
283 WS Z5 BE Y 42=1.680, df=1, p=195% 21, A& =5 F&3 w S FEo] RF] Aty
22335, df=2, p=311%, A E12 283} 0.8 &5 0] ¥l Lol AL y2=1488, df4, p=829= LFERF O &
W SAIA 3ol A Fogt 2to| 7k LrekLEA] eigtet o]2f e Ak AEuAP T wat EAY A g =
T8 7|37t o2 =2 el Etokal thE wat wARe} v wE w d-gof whE x}o] 7}
T YefA] ekt &, AY =15 285w S S5 0] wat EAETH it £4 o]9]9] 21l
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Level of PCK, TPACK, and AI-TPACK

YA E =to] Z-go] e il Qe Aol BEuAke] HAY Bt S8 WA dE FASHL B o
e} 2ol 7t EAlish=A15 RIst7| fIsl w4A]A(PCK), 714 w4 U8 A|(TPACK), ¢!
& w4 W8 A A/ALTPACK)Oll Thet WAMEC] §H 5 A5k, YT xfo| & &Rlstlct AdFol Sgdt
A wAR] WS8R A/(PCK) B2 &4 427 % 28.57(SD: 7.31)2 UERF oM, o]= wAFSo| Wbl &
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Effects of Digital Experience and Subject Major on Biology Teachers’ AI-TPACK Understanding and Utilization

A A 42| A 0] F-3HA A-E- 53 of| sl S o /de] (68.02%)°1 S oh= AH] Q1AE AU S
2 oJn|git}. A EWALS] PCK H-2 26528 eSO ™, 30.622) 92 wAlet H|wal] ol SHEE 7
S AT Biks BAIY 02 [olst 2o 7k YeRto B2 Wit Hgo] wARe] PCK Q14] S50 H2A
O g 9= 1A 4= ks A2 AAFSTHTable 5).

PCK Q14 423 zto]of| Tl AJEmAte] w4A]4)(PK) £23 HE-A] A (CK) 52| Xto| & EHRlIgh At
o| 4= PCKeFPK FHollA EAA & [ofn|3k xol & 2lstl o m, A ukst WAL} Q1AGH= A] 4] 4
o] & wAfel vl F2 B e Bt T E 2 AEuA 44 28} warek e, skEat A
A 5 Gt WA A Gof|A] driF oz B 70 247 QIAlS AU S-S SRIE 4= JQITh HH,
CK Yol A= EAZ 0 Z qoJ5t Xfol7} ¢iglom, a3t 37| = ZHA| Lrehd o 24 Wb jo] 7} glthk=

742 Flshirh. neb A2 IAR PCKel Pl TshE e 420] Q1412 AU v, w7t jgo
Al bl et fARE 4-20) Q1A AU 9Igik. ol e ATk AR aLALY] 4K Alof T A}
71914 4:30] A} Zgol Lt Lhgol chat XA\t o) g 5ol gt w4 AlS nefs

Table 5. The result of independent t-test about PCK between groups

Group
Item BE EE t p Cohen’s d
M (SD) M (SD)

Pedagogical Content Knowledge (PCK) 26.52(7.29) 30.62(6.81) -2.660 0.009 0.581
Pedagogical Knowledge (PK) 30.71(7.24) 35.98(6.99) -3.389 0.001° 0.740
Content Knowledge (CK) 19.19(4.28) 20.83(4.17) -1.783 0.078 0.389

Note. M: mean, BE: Biology Education, EE: Ethic Education " p<005

04%1011 Zolgh A wAake] tAE w4 U8R ATPACK)S] B 4= 27.77(SD: 9.28)2 LFEFATE AY
SwALe] O E W4 WS Z]A(TPACK)S] H- A4+ 24.19(49.37%)2 31.33(63.94%)%] =2 ulAte]] H] |
14. 57% ]_]/_\_]%E D:] E.E'J _u.E_t_747\~] 7:1‘,,]- = Xh:]—7]— x]—o]l—_ 57_-]];(-] /\Zoﬂk] _I_I__J o]— J_Cohen’s
d= 83002 =2 $-Fo]Uth(Table 6). TPACKS] 519] L 2150] thgt Azt 2o] & Eolslr] 93l =9
2 78S AR} bR 7[R A(TK), HAIE 71ean 42 A(TPK), HAE 7l§‘—H%Xl*4(TCK)j—+
HE ZAA 0 R Folgt &tol7F EAfsiel). Tt k47| E &R1st7] 9Jel AH=E3F Cohen’s di= TKS] 73-%-
580, TPK= 877, TCK+= 7042 UEPFC 24 t]R|d 7|& | Alof Tt Q14] Zfo]= HE ~F0]Q] oLt T
A 7les %% 485 U8 2| Alof] Qloj A= Tha Zfo| 7} 24| ERIEQIT). &, EwAR= A Y
7la AAE 28 l~— A AT A E 7] eS E-goto] wpHeERe e 4d- 2ok A A, T2 1 ik i
= 7t2X]=t Jlo] HAE 7]eS &8sk A Aol tisl vl ekl Hls] Aoy o= o W2 A4
Z%%Ekh A= ojn|gith
HhH, gAY =tof] ot o] s = o s = of| Tt Q14 o] ot 9 B4 Axtol| A A AR} ]
U WARSS] ZFo| FALSE #F0 =2 FAIA Aol7L glle B e AR 2 G| wA7E HAY 7o) tigh
o o} Sl w7}t = A1 Qu|etal & 4= glok &, HAY &} 7|&ol| tigh olsi et s ==
zpo7F glot AEuALE A 0 = HAE 7|eS E83 w4shgol lo] B2 27| Q14 £33 AY

2 ke Aol
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Table 6. The result of independent t-test about TPACK between groups

Group
Item BE BE) t p Cohen’s d
M (SD) M (SD)

Technological Pedagogical and Content Knowledge (TPACK) 24.19(8.98) 31.33(8.21) -3.805 <001 0.830
Technological Knowledge (TK) 15.19(5.63) 17.90(4.57) 2425 0.018" 0.580
Technological Pedagogical Knowledge (TPK) 21.10(849) 27.90(6.97) -4.017 <001" 0.877
Technological Content Knowledge (TCK) 15.60(4.87) 18.83(4.31) -3.227 0.002° 0.704

Note. M: mean, BE: Biology Education, EE: Ethic Education " p<0.05

Ao Zhof sk XA wAke] Q1FA]5 7|6k qxl Lé—-LH%Zl&(AI-TPACK)ﬂ B2 2629(SD: 9.49)%

Al pEAE L °1E} EPEW X*‘:‘W_E JL*F—Q AEARI JLTLHBLZWOH Hlsf QAFA|5 7IHP A
ShapAIg o] Wtk 22 ol ml gttt

Aehd zto| & Rlst7| 9fof AISH Aol A AEWARS] AITPACK v A4 24.07% 21, &2 WA
9] 28.5001] H]sl| ¥ ol o, -4 At FAK 0= {23t xjo| 7 1=} Lﬁﬂrﬂﬂ Az At
Cohen’s d= 4772 Z7HYE9] 2}o]7} 225t th(Table 7). =, RS WALS] AI-TPACKO] TS Q1A] 4222
2| WAL} Bl alsto] A 0 & e o] it HEH, ATPACK S 19| gﬂeoﬂ s %_‘—A A7} Al-
Ethicoll A%t A4 0 2 {05t Zo] 7} &Rl it o]2fgt b= Al 7162 w83} 53oh= 3ol
Ao AZWATH A o = B2 217] Q1A& Hol |k o]2{gk 2}ol= —3—%}% Eﬂlzﬂ A Al =20
zpo|7k Q8 A1 4= 5= om|ghtt.

ol ol A HA|E 7|9k =] AA 2 21} T=iH A Alof thgt 2 wAke] iAo 2 W2 247 ]l
Alo] 2| FHAHE| 1L Q= QI F A s -8 A Ao e Yeh =] g1 F Qof wje} 2 Aat AJZuA
9] 732 PCK thH| AI-TPACKO]| that Q14] £220] 14.02% O™, TPACK thH] 024% 22 420t = A

A= YA 7 es 28 Pﬂ#%‘% A|Alo] =32 2| QIAISHIL QLo QIF A5 E-goll AojAl=
S 2 A& AlQlotal 7]eA 2|4, w4A] A W82 Alof| A2 Zol= gigict A= AEuAR A" =
7o W54 gt g HEo EHoH e dtid oz W2 217] Q141 Ho| A Tk Al9] w524 gh-&of 9l
ojA= 1A Ytk A oJu|git. o]2{gt 27| Q14l9] Aol = A fe} watol| A= 257 04% Alo] =t
ARTF2022 717 al51bg o] A-8of et A Y gteate] Z-go] etE| 1 glony, st ZlQIE = FH
Lo Zpol7F EAE 4= et T2t Ale] E-8-3t Yl A= wato]] o] QA A-&-sfiof k=] o] thglt 7to| =
2ielo|u} rg kgt HigFd o] FLAl| 4 o & A| A= A QIA] o2 Aot} 1| B2 Ale] w4 S8t Hedst
of Wt £/ o]ele] RIR1 7iRle] A 291o] Pk &RIT B art Slrt.

[¢)

Table 7. The result of independent t-test about AI-TPACK between groups

Group
Item BE EE t p Cohen’s d
M (SD) M (SD)

Al Technological Pedagogical and Content Knowledge (AI-TPACK) 24.07(9.96) 28.50(8.54)  -2.188 0.032° 0477
Al Technological Knowledge (AI-TK) 21.93(6.84) 21.83(6.07) 0.067 0.946 0.015
Al Technological Pedagogical Knowledge (AI-TPK) 28.62(8.27) 32.05(7.84)  -1.950 0.055 0.426
Al Technological Content Knowledge (AI-TCK) 15.93(5.62) 17.79(4.49)  -1.674 0.098 0.365
Al-Ethic 13.74(528) 17.12(5.77)  -2.802 0.006" 0.612

Note. M: mean, BE: Biology Education, EE: Ethic Education " p<0.05
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The Effect of Digital Tool Utilization Frequency on AI-TPACK

w2 7iele] 3-8 A Aol WAL ALTPACK B4l M2 Th2 whao 2 2hashe HZstel
o, Wi} A-Fol2he 2Rlut oA tiAIE =to] ws-A 2o gt 7Q1A Aol a5t ¥F 27
7 52 Elsiint. olof weh YAY =to] waA E-Eut wdd 29lE F HUAE =70 w4 28
HIES 7|E0 2 WARSS G E8 91, 4714 87 13)), A= E8(F 28] o[y S e Hiel
9 2 50 PCK, TPACK AI-TPACK 4><20]| thsl] 2 ul%] EAHEANE 3ot A3k [Table 8] 24T
Table 8. The result of one way ANOVA between Level of Educational Utilization
Level of Educational Utilization using Digital Tool
Knowledge Irregular or None Regular Use Frequent Use df F p T
M SD M SD M SD
PCK 26.12 832 29.56 7.07 29.70 5.89 281 2.055 0.135 0.048
TPACK 23.60 10.59 29.54 8.00 29.50 8.59 281 3.827 0.026 0.086
AI-TPACK 20.60 8.83 2826 7.99 29.55 1025 2,81 7.543 0.001° 0.157
*p<0.05

PCK 72 4714 B8 Qle wAF P ET 4714 o 2 285k oA tha 7| vetstou, &7

%02 fofgk 4olA] Wk Afol7k EAksh igtom 7140l B8 Wt o wol B85H ol

= POK Afoli= LfERLER] gloleh E7h 7l - (82 e 408 Lehton @ tiAd £70) 1
2] 2§ WE=0] Ao]7} PeK 452 A1 of it AR AN = A Wito] A BT o)
o} 7t froJ3t Aol 7} heI|A] elokeh vhel TPACK 428 4714 B-8o] 712 gh ol ]3]
71202 Fg3H Lol TPACK 40| S21sPl E9kom], B 45 BE3H ARl E e 452

etigict. watoliiet BA2 0 2 & g ofa 4ol Aol7k Efek Zo] EIH 9O LkF-3827, p-026),
E3} A7) 17 = 08602 FIHEY] ol ik AL A, ¥H714 B8 WM=236012 571
8 HTM=2954) 2 THE 8 M =29502-2lpA FREIo, %714 B ks 3 E

2 T2 AT FEA ] ZetEo] = AT Aol = FolshA] sttt ol AvkE tIAE =S
A ol A-&sh= 4 A7 TPACK ] F/3 B Aetol] 7|04 4= Q5= Al

2
AIFTPACK 4~ B4 = e 7k 2ol = BAA o = folsiglon, aat37] == 1572 2 $52
E YT AR A Aatol| A TPACK T 5-AFH oijEdo] EHRIE|{ct H] A 7|2 28 ZHTHM = 20.60)
712 g FohM =2826) H TR B2 HthM =29.55)1F -§-25HA] 2= 9oL, A7) 2-g Fckat
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