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Development of a TPACK Assessment Scale for Geography Teachers*
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Abstract: This paper aims to develop a tool for measuring the TPACK competencies of geography teachers.
Therefore, 45 preliminary items were developed for assessing the TPACK competencies of geography teachers by
referencing prior research. The survey was conducted with 230 geography teachers, and 228 responses were selected
for the study. The survey items were statistically validated through reliability analysis, exploratory factor analysis,
and confirmatory factor analysis to determine whether they could be used as a tool for measuring the TPACK
competencies of geography teachers. Initially, the reliability analysis resulted in the removal of one item related to
the TK component. Additionally, eight survey items that were not identified as major factors were eliminated during
the exploratory factor analysis process. As a result, a total of 36 items were developed as a tool for measuring the
TPACK competencies of geography teachers. This tool is expected to enable geography teachers to self-assess their

TPACK competencies independently in the future.

Key words: Technological Pedagogical and Content Knowledge, Geography Teachers, Exploratory Factor Analysis,

Confirmatory Factor Analysis
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PK PK3 849 889
PK4 872
PK5 860
TK1 889
TK2 871

TK TK3 875 912
TK4 884
TK5ES 2HA) 932
TCK1 936
TCK2 929

TCK TCK3 924 945
TCK4 940
TCK5 930
TPK1 924
TPK2 922

i TPK3 926 o
TPK4 927
TPK5 919
TPK6 933
PCK1 908
PCK2 908

PCK Peo 20 922
PCK4 910
PCK5 904
PCK6 91
TPACK1 963
TPACK2 962
TPACK3 963
TPACK4 966
TPACK5 962

TPACK TPACKG 962 966
TPACK? 961
TPACK8 963
TPACK9 961
TPACK10 963
TPACK11 961
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H 4, QRN MEM AY Egh 2 AT 7] 8Q19 A9 ol2HeR QQl 1t
AT 23] W3 AA 7Y stal Glo] EYAdS gEslr]|7t of
B2 AAA KMO HA 958 Atk AIE 5317 YoM AHslde E-8s19ch
X 8071.014 QolHA 9] ] A CK, PK, TK, PCK &&-2] 79
Bartett +8A AA A-F-=(DF) 630 QOlE Aol A TEAo| WaalA FEEG L
9 FEP) <001 TPACK, 'TPK, 'TCKO| A2 235} 4o 7t o]
B 5 42 g5 ¢ Q24
B} 221 A= s = o
aql £ . 5 ‘ 3 ‘ . ‘ P P ‘ . 2 3384
TPACK7 759 0.713
TPACKG6 755 0.667
TPACK5 673 0.626
TPACK
TPACKS 644 0.639
TPACK9 637 0.704
TPACKI11 579 0.341
PCK5 890 0437
PCK2 808 0437
ek PCK4 760 0437
PCK1 708 0437
PCK6 683 0.437
PCK3 679 0437
TK2 871 0.341
- TK3 852 0.341
TK1 1606 0.341
TK4 598 0.341
TCK3 -875 0341
TCK2 -703 0.654
TCK TCK5 -643 0.341
TCK1 -501 0.401
TCK4 44 0.341
CK4 852 0223
CK3 795 0278
CK5 786 0432
CK CK7 666 0437
CK2 635 0366
CK6 583 0510
CK1 580 0368
PK3 793 0.341
PK2 777 0.241
PK PK5 585 0.401
PK4 574 0.424
PK1 508 0325
TPK2 722 0.719
TPK TPK3 -473 0.719
TPK1 -455 0.719
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H 6. MY 2012M2 S5 Hus 23
T2 AR H-E& TE 7% AT =
CK s ols 7
PK HE o 5
TK HE o 4
TCK HE A= 5
U IT 71 843 ks Uis 43 Qo TPK1
U IT 7j&S &85 tget J7Ps 93 Sk TPK2
— U= SIS /S S 8l B/ IT 7leS ¢ Sich TPK3 5
TPK4
AR TPK5
TPKG
PCK HE o 6
TPACK1
- TPACK2
TPACK3
TPACK4
= A 5% aRFeR FAN|= IT 71 L& 5 Stk TPACK5
TPACK = 8204 g £9L Y3 1T 7e 2hEe 2AT 4 Qlok TPACKG 6
= Ag apshgy, saAa B4 58 1@ 1T 71eE 1E 5 Ao TPACKT
£ A ey aegES wddt 1T £AE AR - glok TPACKS
=SB X sy Bk WA P YT FES 1T V)& ot TPACK9
AH] TPACK10
LSS Aejd 71X 9 g FRS 93 AAT 1T 716 4tk | TPACKI
A 36
PelslA o] FofA|A] ghgitt whebA TPK, TCK, TPACK SPSS AMOS 2505 &-§-5to] L2374 1S e85}
9] 227l B3FS AAHO Ao g AAF 7, Q1B o] 1A @ Q1HA(Confirmatory Factor Analysis: CFA)
A& AASHGIT) HEHor adlo] FEslA TRy & AT FRYFA RS FEH] S
A o= 871 ERH(IPK 4, TPK 5, TPK 6, TPACK 1, T ofg] W 7ol AZ QITEAIE FaL Tof| e
TPACK 2, TPACK 3, TPACK 4, TPACK 10)< 2145t AWste ngo g 3012 QORI AR EA|(Path
o]Zof 77FA] Q10 E & 4= UATHE 5. Analysis, PA)O] =2 o] &t} 213 aQliAo|gt &
A QRlEAY Al HFH R 367)9 3= A QB AT v E= g 22 Anderson(1956) &
A2 WAL TPACK dgF Z4E 3t B2 AT & of o3l AEgict 2Held QQlEAle AMOS 22T
USTE o] E v R thE TRl 1A [dEAS WS 2hgoto] A Wt TS w4 71e] A 9 A
AASHATHEE 6). Hae 7] WA HEoks ACE g% adEA T
9] KRG MY oF 2 AGEA Hap) A Lof| o)
V. 3R1A QOIELA(CFA) 2 SAFHAS W0l ofvl Aeixl Al &4
Sk otk wheba] BraA aQlEA el Ayt mEd 4
A QRIEMEFA) 2] At YeRd 3671 £3ol o Fhgkell tigh o124 53 (theory testing procedure) ]|
3 A2 AL TPACK S5F &4 =2 duksfsetalzt sfsie, o] E2A A AL He FAIEE 7Ioltt.
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x|, 32(3), 2024, 8,
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2 9ot =72A BETHAe
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ELlZ Qo]

= o

vS)

1=}
Sl |

2|2 239] A3t Po} GFIS A3 RE A3t
7} ka5 LreERtthy® =1083.8, DF=573, P=00, SRMR=
052, NFI=.873, TFI=.936, TLI=.929, CFI=.936, CMIN/DF
=1.891, RMSEA=.063). S}A|qt, JL2EA Al B3 o] Ay
AFE AN 7holAFS 83 F94 A8 4
- AR HRgo] vl Exgsto] Harh w2 7, HlolH
7} opEF AR E TER] o= 9 57} v
W2 Aol B7HRIER FEskA] A YehdTh(E
013). wkztA] o] gholl Mo g oEsly|Het thE
T= ApE A LA AREE Brtaljof gtk
=37, 2016; ¥ E, 2009; 3], 2013).
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TPACKG6 | | TPACK7 | | TPACKS
0193 0~ 0258
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109263 7o 3320
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t—50 bo53
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= st 7| =Y
£ A2 ki Alshe Wi e Agehed, 7
£ AASE -2 APLrt Sotx|1l sHATE A=
£ F7oke wRlell val| A or wleko] g o
CHS-E, 2012). whebA] 2 AFoAs 2 Yol 22

291 el Sk SAFel oIA B4 BAS Y5t
Sk thek AMOS 219 el X sk B B
A % FAL A b 03Bl 0058 Eafsh ghe
HollAl A8 gete] S mae AASIEEKIE 2.

2 A7 AR g AP Al 4P =
(CMIN/DF, SRMR, GFI, RMSEA) 2} 2] 4=(NFT,
I, TLL CF)E Eelslsich 3 73 & 83} o] CMIN/
DF, SRMR, GFI, RMSEA, NGI, IFL, TLI, CFI =% 23}
gt 22 8 78S WESHRITh TRl NET g9 ¢
873808, 8 7]
golol&= A4zt
=, 2016
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K2|ALe] TPACK H7t+ M= JHt

248 3803

D=
. oﬁ 0.959 . 085555

5 320 - 37298 3329
TPACK!ﬂ TPAGK6 | | TPACKT | | TPACKs| |TPACKe| |TPACK1
236 1178 » 254 18 29
e 2 3 & )
0.066
= S Ol A =
O3 2, 301N QQIRMES 2ot TS

T2 X DF P CMIN/DF SRMR GFI RMSEA
27 1083.8 573 000 1.891 052 791 063
24 877.6 558 000 1.573 046 828 050
>70
<05 (BB <05
]3] >80 ESk
~g >.05 <20 Bl b Bl
AF) >90 Gk
&)
A AR Al ofgh
N=228
H 8 O Q012M ZEXEK|S
Fu NFT IFI TLI CFI
27 873 936 929 936
23 897 960 954 960
sg =802 =802 >80(%h >80(
>90(33) >90(2A) >90(24) >90(A3)

Az A ARl oI
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o

x2S E D55 X|, 32(3), 2024, 8.

1. R e AB 8 LR glolck. wheb 2.9) Rajake] 4bEvt %
shold aQliAlo] AZS Pade B BgAa @ B4 S FEstel 2 aglel Bebys A5 A
A% Aol W AFEolok Ak 94 WF BEA  olThGE 9

b

- d
Seefyon Bay)E o, B2 Wase) o 28} 7x(Smndardized factor loading) 7} 2|4 5 0]4F

flo

5 =3 Estimate SE. CR P B3} A AVE Mg A=

CK7 1 0.854
CKo6 1.085 0.065 16.593 ork 0.863
CK5 0.972 0.065 15.028 ok 0.806

CK CK4 0.847 0.069 12.239 ok 0.709 0.774 0.960
CK3 0.862 0.059 14.514 ok 0.799
CK2 0.908 0.066 13.841 ok 0.766
CK1 0.941 0.071 13.218 ork 0.743
PK5 1 0.807
PK4 1.052 0.079 13.362 ok 0.812

PK PK3 0.936 0.068 13.768 ok 0.803 0.745 0.936
PK2 0.824 0.072 11.472 ok 0.701
PK1 0.861 0.064 13.494 ok 0.818
TK4 1 0.815

T TK3 1.161 0.066 17.581 ok 0.926 0783 0935
TK2 1.155 0.064 17.931 ork 0.929
TK1 0.998 0.062 16.066 ok 0.877
TCK1 1 0.774
TCK2 1.062 0.056 19.051 ok 0.886

TCK TCK3 1.105 0.058 19.196 ok 0.878 0.837 0.962
TCK4 1.084 0.061 17.716 ok 0.883
TCK5 1171 0.067 17.555 ok 0.847
TPK1 1 0.897

TPK TPK2 1.102 0.054 20.323 ok 0.914 0.847 0.943
TPK3 1.097 0.064 17.085 ok 0.89
PCK1 1 0.877
PCK2 1.067 0.07 15.14 ok 0.854

PO PCK3 1.015 0.067 15.138 ok 0.817 0803 0961
PCK4 1.012 0.069 14.671 ok 0.817
PCK5 1.081 0.076 14.258 ok 0.801
PCK6 1.039 0.075 13.83 ok 0.833
TPACK 11 1 0.879
TPACK9 1.031 0.046 22.199 ok 0911

TPACK TPACKS 1.085 0.055 19.672 ok 0.905 0.809 0962
TPACK7 0.989 0.046 21.386 ok 0.862
TPACKG 1.094 0.056 19.463 ok 0.892
TPACKS5 0.857 0.05 17.234 ok 0.899

o = 877.69, df = 558, p<0.001, 3°/df = 1.573, GFI = .828, SRMR = .046, RMSEA = .050, NFI = .897, IFT = .960, CFI = .960
22 0,05, FF<0.01, *+<0.001
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ojojof &, .7 o] Zh& 7HRAL 3l o it
I ok ESF HotEARES (Average Varicance Extracted,
ols} AVE)©] 5 ol4fo] oo} gt E3t 7d A==
(Construct Reliability) 2] 7-¢-0]] .7 o/eo] E|ojof qlct. B3
23} A|4>(Estimate), F3=22KStandard Error, S.E), Critical
Ratio(CR)S v o2 HZE3HA|<, AVE, NFAIZ =S

FE349rt B ATold AMSE 367) Eaol UE F
EfPg P Y, e o] 28 A4} 7 of

T 9lon], AVE e 247} 745, 7
Aol A9 227 9439) e wo] Eate) A%
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# 10, HEEIZE HE

TE CK PK K TCK TPK PCK TPACK AVE | 7Y AF=
K 1 0.774 0.96
0.698
PK (0.49) 1 0.745 0.936
*ok
0.65 0.6
K 0.42) 0.36) 1 0.783 0.935
*ok $ok
0.628 0.592 0.835
TCK 0.39) (0.35) ©.7) 1 0.837 0.962
*ok $ok Fork
0.646 0678 0.732 0871
TPK 0.42) (0.46) (0.54) (0.76) 1 0.847 0.943
*k *ok *k ok
0.683 0.686 0471 0.508 0573
PCK 0.47) 0.47) 022 (0.26) 0.33) 1 0.803 0.961
*ok Fok )** Fok ok
0.619 0.629 0.768 0.852 0.864 0.523
TPACK | (0.38) 04 (0.59) 0.73) 0.75) 0.27) 1 0.809 0.962
*k *ok *k *k *ok *k

0% W82 A Als gk
F #<0.05, #<0.01, #£<0.001
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WAR] TPACK & 7S 913t W3 AlAL, A2 Ak
TPACK 27 aRlof| tieh a4 AA] Fof tiet A&
Fa oz st "o Aol A7)k

Z¥Ap Ak 2016, <%l 48k AL] | A2 A B
7] &7kl et AT, Sralalg, 55(4), 523-538.
AWAg, 2021, “4xk A Al A wSH 28
A2 w50 TAP?, T A] 28135 4], 10(3), 329-345.
AR, 2021, “nAke] =R/ ol P vl = YA
2] 821 A, S etul uhAkEke] =2
LA, 2014, A2 &3 A= =F SAEA: SPSS &
AMOS 21, 3hdlo}ztdu).
=37, 2016, SPSSE 243} 3] 7 &4, 2| Hu|c]o],
7)1 H - A, 2014, “Z- S50 HHEEA] W
|AA(TPACK) ol Tt A B = =7 7H%P’, a¢
TS, 30(4), 349-375.
dheljgg, 2021, “o[u]SoaAte] Bl T2 A] w4l-§-2| 4]
(TPACK) ol ot Q14] 2497, mat w8+,
25(1), 326~337.
=, 2009, AMOS 17.0 L2EP A m e 2
293], 2013, “2 S5 AALE0] A3 H| 2 EE 2] Y&as
SHA] R 4] o} Aot 8-¢1E, 14(4), 125-147.
SAL- o5, 2014, “nLA] X2 ghatol| A AA Y, 2}, A
Hol Wtol| x| 2 g o] A0 A A ofn] - A2 2]
THESFHOR -, | g ed w83 R], 22(1),
79-94.
- 55k A, 2023, “ShaL o FEHI 2 B e

i

=
4

Nt S ARk A WY Q1A1S FA 077, 11
825+, 39(1), 219-250.

o] A4 -3l 2011, “H|FER A W-gmaA]4]
(TPACK) oJggol] gk ofu] mato] 914] #4497, gt
DAL, 28(4), 141-165.

@417, 205, “chet mop F2]0l 410 W GPT 2 Al
ob 817 Q14 AT, MFIEAT 17, 1123,

U, 2012, S5 WA0) R4 A of 3,
S,

AR, 2023, Q1A g A2
A CRE - EE R EERRY

162-173.

2 3L -ChatGPT
T} 22, 33(1),
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27(2), 75-87.
9273, 2014, “25 AFSla} A 2] 8] A w55
A AR] YA = EHGAE, 1A 311X, 14(2),
39-52.
olcha]- 393, 2017, “43taAe] Bl A et g
| A(IPACK) 24 =7 73 0 b ap, 43k,
56(4), 407-434.
o|t}a], 2018, “4Stw AL H| A2 A W4 Y-8 x| 4o
3 A 5 B A, BRRTE D 5 AA
AP, e ek A9l .
o)=L o] 2A - O] B A Z - TS 71 0] S
2023, AFA s S8 S, €| T LS,
ol &2, 2003, “2 5 AS] A&} B AR A] W4UEA]
A(PETPACK) = 7 9 epesp, a5 875}
3], 62(1), 95-119.
°]F-¢, 2021, “F 2L} Rl A AR makEe] FHRE 94
ol ot 78], 18] 2L A 2] w52 A7, 7F
S22 2) 87 L858 4], 29(3), 53-68.

=
T

o]F-9, 2024, “Al= A &] w452 o B A v S A
7R - AYRTE AR 2, SR e w5t
)7, 32(1), 95-112.

o] &%, 2024, “ITPACK Designer Thinking ¥ 3&-& §345
=71kt A 2 2] wS0) AtAd, ol ut
118, 23(2), 207-231.

ARl 2012, “R] 2] iFo| Al GeoCloud 2] 287, 74 ¢t %]

2], 22(4), 75-88.

o2, AR, 2021, Al WL H. A2

2407)- B Ao}, 2016, “SoFARS] TPACK 914] HA», <
oFn-2-5-3} 29, 135-155.

Z947-ukol e, 2024 “TEBH wAe] A 2EeA
oekz} AnkE7]7) B tigt Q14 fao] T
S|4 TPACK ] |} & 7}o] 23t A7, 7-3u] o]
i 30(1), 81-102.

ZRA WA E) 284, 2022, “TF- O AE BEF B3k
o) g - skl Tdshalr) FaAEE S0
2 » B35yt 76, 503-545.

744 w43, 2000, ol ] IAR] TPACK ©ff 274 A&
3} Sy} Aupo] Ajo]”, eupelm g te| ),

40(4), 437-449.
2 oA a g3 A Y- oG, 2016, “H AERA S T

SrEx|eletdusstalX], 32(3), 2024, 8,

SH= Tl ol tig 2+ 35 LAHE Q] Q1A 2AP,
SR g Hehs] W=, 24(1), 165-166.
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