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Abstract

As the importance of technology increases, so too does its use in various areas. In education,

technology is often used. However, due to teachers’ lack of knowledge about technology, they often

remain at the level of simple utilization, without applying it to learning. Thus, there is a growing need

for Technological Pedagogical

Content Knowledge (TPACK),

which enables teachers to have

knowledge about technology and use it appropriately given the content. Although TPACK studies are

underway in many subjects, they suffer from the limited functionality of the included technology. To

solve this problem, in this study, the range of technology in TPACK was extended to programming,

and a TPACK-P model was developed to teach this expanded TPACK to pre-service teachers. To

verify the effectiveness of this model,

the TPACK-P training program developed during the 15th

classes was applied to 19 pre-service teachers. We used Park and Kang (2014) as a tool to measure

these teachers’ TPACK before and after treatment to observe any changes. The results showed that

the TPACK-P education program showed statistically significant improvement in all areas except
Pedagogical Content Knowledge(PCK). Compared with the ICT-based TPACK training program, which

was administered to a control group, the TPACK-P training program proved to be more effective in

the development of Technological Pedagogical Knowledge(TPK) and TPACK among pre-service

teachers.
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3. Development of TPACK-P educational program
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Table 3. Major of participants

Number of pre—service teachers(%)

Group Major Total
Tech 7 (37) Com 2 (11)
Geo 2 (11) Home (5)

. 19 (100
con Eath | 3 (16) | Math | 2 (11) (100)
Peda 1 (5) | French (5)

Tech 3 (16) Com 2 (11)
Geo 2 (11) Home 2 (11)
Che 2 (11) Music 2 (11)

. 1 1
Exp Eng 200 | Enies | 1 (& | 100
Chi 1 (5) Early 1 (5)

Envi 1 (5)

“Tech: Technology; Com: Computer; Geo: Geography; Home:
Home economics; Earth: Earth Science; Math: Mathematics;
Peda: Pedagogy; French: French; Che: Chemistry; Music:
Music; Eng: English; Ethics: Ethics; Chi: Chinese; Early: Early
childhood Envi: Environmental
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Table 4. Grade of participants
Number of pre—service teachers(%)

Group Freshman | Sophomore | Junior | Senior Total
Con. 3(16) 8 (42) 7(37) 1(5) 19 (100)
Exp. 11 (58) 5(26) | 3(16) 0 (0) 19 (100)
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Table 5. Experience of programming
Number of pre—service teachers(%)

Group Yes No Total
Con. 13 (68) 6 (32) 19 (100)
Exp. 8 (42) 11 (58) 19 (100)
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Table 6. Number of pedagogy class of participants
Number of pre-service teachers(%)

Group Yes No Total
Con. 19 (100) 0 (0) 19 (100)
Exp. 19 (100) 0 (0) 19 (100)

o~

wpAute 2 st
Table 73 o] o

%3} B P %f& A S

REAR LY

T(74%) B} AT

2lah atol= K tiste] w3yt shde] g o] wjiolc
K thstel g age Ashdel awwh w8t A48 47 g
o7t =2 WAdH ] olom, mhde wy w3 g 7o
£ 748 & Qs PAE0) ok wekd shde) Aolzt @
o sk g ole] 57k ulge] Atolzh Lhehd Stel ¢
o 2 Ao APTH ETS AN SA M Aol £
B = o] % Fvhe] TPACKE 4t

B, o] B AT PYS A g3te] ATE AP,

Table 7. Number of pedagogical content class of Participants
Number of pre—service teachers(%)

Group Yes No Total
Con. 14 (74) 5 (26) 19 (100)
Exp. 9 (47) 10 (53) 19 (100)

3. Tools

& ATl 289
Aol A A A =

AAF s 1.44 AF(2014)9]
TE Z&asit26]. ) Es 3
F(2014)%= Mishra®} Koelher(2006)¢] 7HH1—6]__—]1 Chai 9]
(2013)9] Qﬂ-?oﬂ}ﬂ E]’%EQ]— /‘\li] 7423}- TPACK 7_]/\]_
2 /e watd mAS wedd el 34 A

t}9,26,33,51]. EFE3} ol 41709 &S dtolm
WA 5 Bl NHEE FHE] st AdEUt AE,
BAA QoS Fgitt o3 $A4L S el Al

=7t gud 36719 s AAsESIh

AL B9+ TPACKS SA437] 918 A4 =1 aM o33
o] o] T45e] otk CK: 4%, PK: 7%, TK: 4%,
PCK: 6%-3}, TCK: 3%3}, TPK: 653}, TPACK: 3%3}. 7} o1 9]¢
ke A= 800102 YEhTH 2

4. Treatments
A7l AX= K tigke] 2016+ 2817]¢] 7= Zasigi).
717k & 155 B9k A&l o, 20161 8¢ 29¢U%-H 20161
129 997bA] w5 AT =S W skqict Ao A3
< ¢ "ol Jgsilon, 7 oo b FAE s
2T 71¥9 TPACKY HA==2A 935S 7)Y+
= Sk gt @AelA go] &t d=, I, 3
JEE FAR AFS & o, A ids 53 58
ol A3 Adshs #4L 554 vk

[ez]

l

o]
Agsieir}. ols) z;% 92 53l WM IcT

U )

o Jo Rl Ho pu
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T A B TEws ekl 4 Qusksin], =4 vl
He Tl e AFES S Wt =4S s &

AABATHA6]. & AellM = olPd e 9% TR
Y AoeEA A=A S dAsta JAyskginy. T2y
7] 913k Algho] FehA] @i, HFHE dEohs wAbL
oprR HAE Jk 22y dolE Mg 4 gIrt
[51]. mebx] &5 7|9k Zaaey o] FolA 7]Ee] A8
Aol v aldte] HEehr] Ageiral v 2AdAE
AHS-ATH16].

ot ol o
o o

I
& oglo w

5. Analysis

H AP M= o] wAke] TPACK WEHE A7) $13)
of 3w o] AR, AR AL Aate] Wske dis &
2 t-7%S S8l TPACK Wsts #Eslqlr). Egh AR,
AR ARl A Ak 3] AfolE AT Eh] ffske] S EE -
Ase L8t olst 22 SAAY 4

A
SPSS v.218 &4 Z2ado g 8319t}

o
)
ok
£
&
=

6. Results

6.1 Independent sample t-test results for TPACK

pre—-test of pre-service teachers

ofu] AWARZF ARl 7] AL 9l TPACK -5 Hlateh] ¢t
of, W TIPS FYs] Hol APwa ool Al A
=TS AAsT AAE A3 TPACK' S 3 AT (e
3.31, SD= 0.59)3 2T (ME 3.03, SD= 0.48)°] TAX o=
Frefu gk 2o 7k Ve bA] @9k, = -1.56, p= .13. Table 8%
AH R, a9 GAodA Hek 1] zpol= A EAFRA T,
I Aol B FAA SR frolvlskA] it o] ok 2 AdE
Soto] A iz SAg0A i Aol7t S A,

7120 7A1 ¢l TPACK 52 #2 Ao yehyit

Table 8. Independent samples t—test results of pre—test to
measure for TPACK

Area Group N M SD P o
o s e [oar | 2| 0%
0 0 0 - Ml
® Foon | is [ sor | oer | 01| 0¥
T con |18 [zt | oes | 0% | 0%
TPK Exp. | 19 | 3.19 0.92 7 | oos

Con. 19 2.74 0.67
Exp. 19 3.39 0.64
PCK Con. 19 3.00 0.72 1.74 0.09

Exp. 19 3.34 0.80

TPACK Con. 19 598 082 1.37 0.18
Exp. 19 3.31 0.59
Total Con. 19 3.03 0.48 1.56 0.13

Note. ZAF =79 M Z=gtel TPACKZF ZHAF =729 5t¢
ool TPACKS| 0{7F &3, w2l HAAL =7o| ™A 23
Ztel TPACKS TPACK'O|2tZ 7|&36tn, ZHAL =79 5t
o ofol TPACKS TPACK 2t AtA Bt

6.2 Results of pre- and post-test analysis of the
control group through paired sample t-—test

ICT 7]¥F TPACK & Zg2130o] on] nlAle] TPACKe]
N ek HAe Auks v} 2 ofn) wake] TPACK'S
AP AAHAE 3.03, SD= 0.48) Kt} AR HANME 3.29, SD=
0.44)004 S7FslSiet. B3 o|2]gh Apol= A o= frefn|at
o}, = -5.18, X 01, 0|9} 22 AxE F3le] ICT 719 TPACK
W T IAE od] wAke] TPACK o] gJ3ke Fth= A4
gl + AN

Table 95 AHHEH, AF JA|ME BT AP AARED AR
HAPIA Fhol 7k 21& &8 = lrk apARh PK(~= -1.15,
= .27), CK(&= -1.04, p= .31), TPK(~= -1.69, p= .11), PCK(&=
-0.38, = .71) 9ol = BAKLZE Fon]dk zlo]7} LA
kot o9} th2 A TK(E -2.84, p= .01), TCK(= -3.63, p<
0D, TPACK (= -2.99, p= 01) el BAZ o2 frojv|dh
o7} yepste). wbA ICT 719 TPACK il T2 BE
a9l dee] el matHolx] ggkom, ICT =78 E3dte] HA
wEA P goe] el aabl s gl 4 itk 1ee
2 ICT 74k TPACK 2% 27388 whe- on] mAke] TPACK'
e HAmaA Hd 229 R witolhs A & 4 Atk

O
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Table 9. Paired samples t—test results of control group to
measure for TPACK

Table 10. Paired samples t-test results of experimental

group to measure for TPACK

Area Group N M SD t yo) Area Group N M SD t P
S - M o e B M P es | 1 [Taer [oss | 228|004
L = B X il B B A v B 7 X Bl B
CK gfgt 19 3?; 8:31 -1.04 | 0.31 CK g;est 19 gigi 8:22 -3.67 | 0.00°
ok e e R0 e | oo0 | ek (P 2SS s | oo

2.74 67 1 0.92 ;
K oot | 10 [a0d o7 19 | o TPK o] 19 o e| 233 | 0.03
Pex g;est "9 3:82 ggi 088 | o7 PCK g;est 19 gzg 8:23 -1.74 | 0.10
TPACK g;est 19 gzg 8:25 -2.99 | 0.01° TPACK g;est 19 gg;‘ g:gg -2.76 | 0.01°
Total g;est 19 gg; g:ji -5.18 | 0.00" Total g;est 19 gg; g:iz -4.86 | 0.00°
"0<.05. "0<.05.

6.3 Results of pre- and post-test analysis of
the experimental group through paired sample
t-test

TPACK-P & 2238 ke oH] uli b= AR AAHAE
3.31, SD= 0.59)°l AR HAKME 3.68, SD= 0.48)2] TPACKT®]
2713k Ao ekttt Eak o]ejak Aol ) vk R
SAH & frofnlgh Afo| 7} ek, = -4.86, p< .01, 3HARL
at9] oS Yz 2po]2 W) ICT 71wk TPACK &
Z203E B dy] wARE HasEA9 #-E TK, TCK,
TPACK® QollMwt BAH oz Fejud Aoz} vehgi
TPACK-P 2 L2388 Wk o] WAl TK(= -2.51, =
.02), TCK(&= -4.15, p< .01), TPACK (= -2.76, p= .01) Bnt
ohy 2} PK(t= -2.28, p= .04), CK(= -3.67, p< .01), TPK(=
-2.33, = .03) Gl = SAH R Fou|gh Aol 7} vhebtt.
o9} e AAE Edlo] TPACK-P w& Z2 78S [CT 7|4t
TPACK S T2 u ) st oo ws2 g3} e
A& 813t 4= 9IQlt). Table 10& A RH, the 493} tj2
PCK 992 AP A AHME 3.39, SD= 0.64)°l vl AR HAKME
3.63, S= 0.62)0014 k& S7FetSIAIRE, 1 Afol= SAH R
fro)mskA] @kt = -1.74, p= .10. ©WaA TPACK-P &
Eiza@,E ICT 7] TPACK 2% Ei—z.z%‘i} U]—i].7]-7<]§ PCK¢]
tﬂ—tl—oﬂ

TPACK Elv:y 5 ‘“/,.}‘ TPACK-P 1% Eil% E’_Pr E’_%@
e}

EI AT, 8 o9 3be) w8 53} Aol e
datel F Gekel AF AAE BAel,

6.4 Independent sample t-test results for TPACK
post-test of pre-service teachers

AR AR A AT dlE2TE BE G944 FAA
o= g xfo| 7} YA §hSket. SFAIRE, AR ALl A
= AYTE 3.68, SD= 0.48)2 ulRTWE 3.29, SD=
0.44)Rt}F TPACK' #to] o %skth E3h o8 d 2ol 57
Ao 2 frofmgh apol7} el = 2.66, p= .01. 0|9} 2
A%E Fote] AR el e F Reke] TPACK'7F Apo) 7}
AT, A FALIAE 7 Feke] TPACK' 7 $7h89l L,
Z7} Zo] TPACK-P n&X273o] ¢ Irte AL Folst
4tk wEbd ICT 7wk TPACK & 23y
TPACK-P & 2L ofu] wAle] TPACKT el &
7} YA AR HAARe] Apol & Fate] TPACK-P w& Z=
3ol ICT )4k TPACK WS TEIIHC ofH] WAL
TPACK' el &3¢ A& 318 & gl

Table 11S AHHEH, PK(Z= 1.81, o= .08), TK(#= 1.73,
= .09), CK(&= 1.42, p= .16), TCK(&= 1.27, p= .21) °ﬂ°ﬂ°ﬂ
A E74]zq o= Foug xfo|7} YEhbA] otttk TKE
Aol A 257 FAHCR frojusiAl = At shA A}
= é*}ﬂl/ﬂ Ao TK7} EAH 02 F-om3k 2|7}
Elubx] koo B2 ICT9} TPACK-P a8 Zg2a#o] o] a
AL TKoll m A& dgko] Ztiar Aztet), PKe}F CK, TCKE
TPACK-P & Z23nt SAH OS2 Fofulgt xfo]& 591
A5k AR A E 7 e 2ke] BAHOZ fou|gh Apo]
7F YERA] Gkt o] 9} e AE Fato] TPACK-P il&
Zz o] ofn] WAk PK, CK, TCKe| &gl frefn|gt 4
F& FA ZIeE As ﬁ“’@ AATE.

ol¢} g2 PCK(= 1.81, p= .08)9} TPK(= 1.81, p=
.08), TPACK (&= 1.81, p= .08) QollM& ALE ALl A F
é}% o] FAACE Fofulg xfo| 7t YEbdth ARy of
Toll A B5F TPACK®S] &4o] BAH o2 fojn]d 2fo]7}
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btk m=3, AR Al wls) ARE ZAllE T o we
TPACK® Aol BA4 o= Fofmals wajglch. oefs
sko} AL Akl TPACK®S] %S %éte] TPACK-P il
®3o] ou] mwAke] TPACK® o] ICT 7]k TPACK
§ zeadut gidolghs AL zl A8 AT

ElOIH B

PCKE AHE ZAlME BAZH R Fou]3l 2|7} e}
WA Aatyt g2 oS ﬁl‘&: -AANN FAHoR
Fougk xpo) 7k vEbA] kgl ol dk A= AP ZAtel
H)3l] ALS- AR gt 7ke] Apol7} FrtakAA| N, o2 @k 2}

o7} W& R gkl & 4}tk webd &
A AEe wg Zrafe] gk o %6}71 oj Yot
apx] ko 2 TPKe thaah 3 th2 A Al Ant FA44 2
A ik g e da el = AW ArrsE gz A A
= AL At qut F Hgke] TPK7F A o2 F-ou)gh 2}
olf HITh wEA ICT 7wk w& Z2IA7 tEA
TPACK-P x& Z=zg#lo] ofu] wAle] TPK dge] a7}
A= A AT F Ak
HAasE24 3y A4S Ased, ICT 7|9 us 230
7} TPACK-P & =228 B TKe} TCK] 3ol o8k
T SHAIRE, AL HARE Bote] & T2 o] o
WAL TKeF TCKe ol mx|&= &2 ato]7t glrk=
S #olg 4= 9t} whdell TPKE TPACK-P W& E271
3 FALl

olg]gt Wy} BAH o= %ﬂu]s}u}—t_ 7;% o} 4
2] ICTSF 2R doje 2F HIaERA &
zEad o) ol Ak S HAE
ol T-stgrol S8 4 9l AAA AL
o ol# & TPKi= o] aAke] TPACK &gl -2]v]
W& 7P<1J— 917] uj ol ofu] wALe] TPACK #d
g 4= 2t}[26]. Chien et al.(2012)
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Table 11. Independent samples t—test results of post—test
to measure for TPACK
Area Group N M SD t yol
Exp. 19 3.87 0.43
PK Con. 19 3.61 0.47 1.81 0.08
Exp. 19 3.54 0.67
K Con. 19 3.13 0.78 1.73 1 0.09
Exp. 19 3.54 0.80
cK Con. 19 3.18 0.74 1.42 0.16
Exp. 19 3.66 0.76
TeK Con. 19 3.39 0.48 127 1021
Exp. 19 3.58 0.67 .
TPK Con. 19 3.04 0.73 240 1002
Exp. 19 3.63 0.62 .
PCK Con. 19 3.05 0.52 3.14 | 0.00
Exp. 19 3.77 0.56 .
TPACK Con. 9 333 0.60 2.32 | 0.03
Exp. 19 3.68 0.48 .
Total Con. 9 399 042 2.66 | 0.01
"p<.05.
IV. Conclusions
= AFolM= ﬁilﬂ}‘ﬂ% A28 TPACK & 2dS
AlFatar, TPACK-P al Z2I3E on] wAbel Al 488}
o] avtg Avinsit, mzﬂ Qe AEe vhewt g
AA, on] WA} &S §3F TPACK-P & 2dg 7t
SSlth A AE viEFe R o] wAbe] TPACKS W
717] 93 9714 @422 Z2ZaQity; BYAEY 59 A7),

TPACK =&l A
A Az Y v
o] 2 7w
E4), TPACK-P & TR %o
ol aH o9t} 2 AT AE TPACK-P EEg 7|dte
2 oas TS JdEl s, on] mAlA TR aHs A8
sk olgfdt TzaEe oju] wAle] PCKE A|9)3h
goS FA7)E d a3Hole}. ICT 718k TPACK
zz2 3] g9} vue Ay, TPACK-P u& 213
TPK, TPACK®, TPACK oA EA4 o=z foulstA a7}
Atk ©]Z Eale] TPACK-P S RS 7|Wto & 3 w&

Z2ady Qo] A, waby w4
Sl A WY, o P ax FEL FS
TPACK ul% J?_Eﬂ,_lo Aottt

of|H] WA} TPACK &

iy 3

ol
b

}1:1_1
Of

=
o Mo

Zz o] 7129 ICT 7]yt TPACK & Zgzaiwrct
TPACK' 4o mabalol AL FHolslgic

B Ao = TPACK-P af 299 gur% AZ37] 9
ste] FAskE AL B E FEato] W ZEIaFo] o] 1
Akel TPACKO M= @3k ZAbalalth ﬁﬁﬂ ATl
TPACKol tah olAe =gkx|ul Az 49 AAL} B
A HAERAE B Bahe 497 Bolth wehd 2

T-9] A A% dn) Mm TPACK-P T8-S E38] TPACK
o] where yhzksh AN *‘xﬂ T4 A BAA 22
| Aul} FE
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A& Ak A desith e B Aol AE o]
Alel 2 ey o7kl ek SAL o] Folx |
WAE Yl 2RaYS &8 7 e
T 4= lvk, wheba] 2o ok
L3t} v e 2 TPACK 97} dn] wA}

Aoz AP glon] Wi Eojdog AdEw gv} ny}
o Fshs 543 o] 2B R HAEEAE S48
EAolu} who] that), wepa] watke] 54 gk TPACK
A

g
FJ
~
M
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AR mE ete], mabAR ofu] AR Ake] el A
He A% 4 ol A77h Aast,
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