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This study has investigated the factors that make a science teacher effective by analyzing students'
perception of teacher knowledge required in enhancing their science learning. The basic components
of teacher knowledge identified by previous researchers have been confirmed through Exploratory Factor
Analysis (EFA). Based on the findings of the EFA, the questionnaire has been further analyzed using
Confirmatory Factor Analysis (CFA) by means of Structural Equation Modeling (SEM). In addition,
the differences in students' perception on the identified factors of effectiveness have also been analyzed
in terms of gender and achievement level. The findings of the EFA showed that five factors of science
teacher effectiveness were identified; namely, substantive knowledge, syntactic knowledge, knowledge
of students' understandings, knowledge of instructional strategies, and knowledge of assessment. These

Ke:ywords: ) five components have been divided into two categories of teacher knowledge, SMK and PCK. What
science teacher effectiveness, we found from the CFA was the respective high correlation between substantive and syntactic knowledge,
teacher knowledge, knowledge of students' understanding and instructional strategies and the low correlation between
pedggoglcal content knowledge, substantive knowledge and knowledge of instructional strategies. Students perceived substantive
subject matte'r knowledge, knowledge as the most effective factor, knowledge of assessment as the least effective factor. Also, there
factor analysis have been considerable differences in students' perception by gender and achievement level. We proposed,

based on the findings, that SMK and PCK need to be integrated into a coherent manner for the effective
science teaching practice. This study provides some implications for science teacher professional
development and the improvement of science teacher preparation program.

. M2 B8 WAL 8 AFoAe A BadS SAs] Sls) 1HdA
Wk ANShET, T 50 st At thgh SHAEO] Q1AL 2ALSH
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o8 WA} ZIM(teacher effectiveness)T} 53 oJn|2 sjj4E ok dl T893 27171 2 4 kKo, 2008). AR maMdol| digh
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(beliefs)o] H.5F= ZSHEIT) Fenstermacher(1994)+= WA} X412 & 414
(formal) A 43} A% #(practical) A4 0.2 FESIG=H], oA ik
AR A2l o tigh AYZi(thinking)EWE ofyE} g
(performance)7HA| W& o}9-2= AoF & 4= Qith

WA} A9 QA2 wilf-8-5x| A](Subject Matter Knowledge,
SMK), w3} 1-8-5}%]4](Pedagogical Content Knowledge, PCK), &5t
1582 2)(General Pedagogical Knowledge, GPK), nS-Ar8k 24
(Knowledge of Educational Contexts, CK)2 & 4= $ItHCarlsen,
1999; Grossman, 1990; Magnusson, Krajcik, & Borko, 1999).

GPK= 4:2), 815 1 3] kel Uelo] #et Aow, wAl
23 1% 54 9 2o W AL e, CK Sk B}
A B3} 59 w3kl z|4Jo]chJang, 2011). SMKE U4 #]4]
(content knowledge)S &Ju|oh= A O &, SHEO| AlA|| 22 (substantive)
TFZ9} FEEAH(syntactic) RS EFSH= A Alo|tH(Schwab, 1978;
Grossman, 1990). AAE2] 2|4 8-zo] 7l g4 24]of et Hejet
Trof| gt Ao, AR, A, TE|a WG] dejot MAE
SERRIL olehs ] FHEEA] AAE sl AR 3 ek 24
of ¥Rt AA o=, SR 20 7HA|, "t e, AJ4o] wA|EL S}
H= "ol W3t x)AlS EZE3ICHAbd-El-Khalick & Boulaoude,
1997). 2fetof|A1o] 2 A A4 28}ke] L d(nature of science)ol]
ot ofsfel sk 2 4 Sk

2, POKE 54 W3} W8-S st 7 4 olafet
=S THsH v}, oA, E4, Aol B3 22 8
2 e A4S TgshoR AP EaEols 191l Fejz
A7]= S3o|E 2 GPKE#TL oz} SMK9}e LEE tKShulman,
1987). PCKE WA} AFEAQ XHEZA], WI-EAZAQI(subject-
specific)]1 45421 (topic-specific) 402 ZH-lrkLee,
2009). PCKE 4g8k= 8aoll= 2t s 2|3, wsabef gt
A4, solaol Thet 2| 4], ekl gk 2|4, sHYE 7ol thgh
Z|Alo] 3EskE]TMagnusson, Krajeik, & Borko, 1999; Park & Oliver,
2008).

POKE A} IS 2OBR 71 Bl WA AAOR 21
(novice) WAR} HZ(expert) WARE FEAE == A-ETt
(Geddis, 1993). Geddis(1993)0] I3}, 24 WAR= SMKoj| 22 9]
Eojo] MTirS Tt BHOR BowM ol glof 5
o, AUAA B2 W8-S dargjsd s Agstas Aks Helok

=2 a2
ui, HE AR WA RS E9 453 POKE ol g3te] A1
o Ak ks AL SHAEIA Agsle, o] BgelA] PCK T4
A45S ARpoR Feuh

Fujeien A AA) BHAN T3 AL BRAS Bajs
2= Alles AE2A R o] RofA fItk SHARE oF dH0] iRt
WAF mEAS] TGN T} ALe] g Aolt QlAg A
70191 3(Gess-Newsome & Lederman, 1995; Kwak, 2009; Min, Park,
& Paik, 2010; Park, 2006; Park, Min, & Paik, 2008; Van Driel,
Verloop, & De Vos, 1998), stAJo] I oA st WAL a1
e A7 A19] Itk olo] & Aol shge] sl4lah:
oo} mate] EHY 201S WA AAje] THolH BASH ofS 719
727 ARSI Bk ol SI5) 2 AolN Thew e
ATEAZ el
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A, S| QASHE Tt AL waHY 2Qle ol
S, SP50] AAISH: T8E AL ATM] Q0I5 ol 7l
AL 2L

A, et wAF B 2015 thet SS9 QA ofw 7R

WAF X219 ol A sHEE0] Q1ASH= AfetuAl B 8%
F=17] Slste] wHAT AE iR AR ou] A 2A
Y= G 24 BEekaollA 3917(dsHy 1917, of3hAy 2007F)
9] 28H4 B0l FefslSlaL, ofu] A Abel thek BAA aQli
A Aol 7|zsto] i 29 5 2% At AR AR Y
Aojo] §J3Iak TEBkLO)N 213 WY 1187, ojshy 95w)e] 28
W shso) Holalsih

48 24 T, SIS0 Sek ARAE TYst TolA Fn
HE-S(extreme response)¥} 5 Z8FA(acquiescence) F= F-SH
(non-response) I} 44 26t S-(insincere response)= R Q1 FAw}
& S ARAE Aol ALkt o] 2AE I3t B3}
oA 197]9] AEA7E At 2ARS $1RF TEstulolA] 237]9] H&
A7} R 2A1) MR} ko] Qakg n)d Ao oEd
o15S BHOIA Aok

wfebA o] AALO|AIL Table 13} o] BESHmA|A 372%(doH)
1837, oI5}y 189%), TEStaoll A 1907g('HeAyY 1047, o5Hy 86
w)o) S5 ARE 247} o] ZA0} T NS et % 4] ot
o2 ALt

T

ok

b

2. 34 =7
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o AN AMGE ZAF BT A au] M 2AK|S} A
A 2R FHE AR 2] B shEe] sk Tt

WA ETE] RS FE)

o M

LA BAoz o} 3= sl
HZ ol7] 919 L Tek A o] ofzhom E7ek el AEo)
2 9 ] B3 gae] ARES olgsint

ol-gsto] B3t 281 39179 SHES dldoz o] A& 24

= AAIBIA Fe A=l dis SPSS 18.0 23S 0|83}
A== ASehdth B3 S SH 9= = 55 84
TEE BRI flsto] a4 Ao H|PW2y(Varimax) 217

Table 1. Participants of this study
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Figure 1. Scree test of the preliminary questionnaire

B oflB] A& A AT 40719
]7% Z|4alpha if item deleted)7} =7 VFERGO
o, Q019 =5 A3y 9ste] 11-GgHeigenvalue), F-AKvariance),
A38] H3(Scree test)S Wosto] A E A3} Figure 131} o] &

107§] £9l0] &k
oflu] A Aol tiE Al 4% 9 BN a0l By A
“I7ol ¥ 1 7445%4 HALg ol TR AR
-0

52 AA o]—_u_ ﬁol —,—o]-Et(factor loading)©] W2 =2 AA5HA
U A= AR HelE7e Fdete] AN ezt AlSic
S, A A BARK]E oH] At AR O] tieh 4l
Bz Qo] B Anl= ulglo 7 A7 x]_r7} E2 9749
AARE &, Hl1A fFept U3t QQ1ES i)

= =
e 247H4 B ARtk )% of

o]
&
H1
i
o
frt
HE.
32
_VL
LI
O_m.
=2
Xk
ol
=)
ol
=
illg
1o
j>
N
2
iy
o
P,L
)

Aof @39] 227} Y= 6709 e s e, Bkt wE
he wokE Tkl FEAer & 207H—4 &= Astsict o
3ol His TEst 25hd 19099]
*a |8t A1}, Table 20|42} o] A ’ﬂﬂE(Cronbach s a )=
862 LtEfyTh

m{m il

3212 44 Y 24

O] QLS shetan faby A0l Sae] Splel o
TS 2 S X ENe Sl e

zo]7] Sfa) Uk st Aol

= —JUIE e sl OH% —Er goll gt ol Alsete=

o 2 oju7} uimA] ALEES sk
spso] SEE213700) 4B 2ANE 7510l 29 A%l
o o

Faisie. of oA AR xAje] Al we} B

Table 2. Questionnaire for exploratory factor analysis

= o
ﬂﬁ /H LH 9

I 3t ol ot x4jo] FHsich

2 SS9 Fiel A g Alsdit

3 oy Hopo] 73t AEE 1Ho wRAS F Tjofska Qi

4 TEo] Hafo] thgh x|Aje] FHsit

5 3 AAEe] ofgA whEold ZQlA & A Qirk

6 S0 ofRfshe Y AHEE & YA Qlrk

7 S0l Bt gl Ae oS F olsfskaL Slok

8 I3t gl digt 6——][—0 =9 ofel o & Tofstal itk

9 U Wil et sHEe AR 7\]“ S & ghofslal itk

10 M9 2A5d A8t AHES wol ¢ qlok

11 3} 7igds Ashet 188 # 585 o83t

12 3} Agde 29 IIH TA EY‘T‘OM Hl = o]tk

13 SHEY A = Pt PE}

14 33} 7ige] gt @%FA OIOH 150171 HOH E‘ TS olgRlth
15 I3t Y&s 4 a7t 2 FE=E vl

16 SIS 715t AHrs ;Ho]-7] oJ3l| tlokat Wy} HPHS Shaeit

17 61—/%1——40] ;(].AL,] _],]-31— 7HL=1 o]o].] ?HE__ J]—O ) )\ O]EE .1:]7]»—— 6]—\:}
1§ 49 B30l e W BUS de

19 =7 Asfel gt PR HuE stase Ag.

20 wrte] s 49 S S8 Fesich

* A AZ %= Cronbach’s « =.886

AOR e BAY AEAE LA AATORA F 19099
S gl el 24 Axs

| .
1418 SPSS 18.0 iil"ﬂu‘% ol g3tol sME2| & Ul gt

loJel aQl& 5 zﬁ}‘“ﬂ 0111 4 %‘%% 7l+ 5& [l 4
2L A sl =3 8919 3 g910] BAkS: Jrjsis)
A A W thaglrgo] sk Ao 7HYE uf ARREE e
2 HRALS: 0] 8519 THLee, 2000).

A Qo] BAS A TR, HS0] o1XERe Al fat
A 29l 12E uosly] ¢Jate] Amos 21.0 TR IO E Il @
ol A4S Aok BRI ael B4 AR SR 4
e 7He] aolRshds SAT & qlat, Hho] MukAel AeE
718 4= Q7] wjEo]| LA/ EFgAd(construct validity) S 246
Lo §-838A ARREI QKYuy, 2012). FAVNYE BlEAS S

E}d-Ad(convergent validity) ¥} T E}d-Al(discriminant validity) ©.2
esjo] ARl ek 21ld el wele] Aghes Auy
7] 9J3te] At &alA|<x(absolute fit index) = Normed x°, RMR,
GFI, RMSEA 7}, 5 23k%|4x(incremental fit index) < IFI, CFI
2e Tesiect

npz|ato g2 sholx Qo] B mdof tfdl M E AHA=3 &

SIS0 AH Wl st ol mhE FHAQ] BFFA

Aol
gk Q14] Aol & H]aslr] f]ste] SPSS 18.0 Z2I19E ARE-5}o
= A 7F B3] Zeof| thet EH#E ¢ H<(independent samples
Hest) & AAIBHch
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. A5 Zap Y =9

Aufol ) gAIE 20l AL AAshch
N

=
sjsto] Ta a0l BAS AXG

A3} Table 3042} Zro] =2 FAko] 57.70%¢1 5719] 55 847}
22907, SMK9} PCKR FEEE 928 29 4o 54 vt
ato] Zzte] BE Qo] 1. AARA 24, 1. FEEH 24,
I sPgolsf A4, W. =AA=f A4, V. P57t 21Xz o545
ety B4 A3 258 57 25 ekl nagl Ay Bkl
HOl= Zh7) 1.85~2.68, 9.23~13.41%0]11, Z} 35 Q40| H3lEH &
F 5t 35709] OIS molr). ek Qe HetE Bye] AFw
(Cronbach’s ¢ )&= .643~7792 HAEIch
Table 4= 35 Q45 3337] 9J) AMESIAY 24E a4 Y
Table 3. Results of exploratory factor analysis
[ 1 I | v v
A 2.29 1.85 2.25 2.68 247
A BxK%) 11.46 9.23 11.24 13.41 12.36
=2 BAH%) 11.46 20.69 31.93 45.34 57.70
ok 73 & 3 3 4 5 5
H3le Ea) 11, 12, 13, 16, 17, 18
TorE % 5 ) 5 ) 5 5
W 1,2,6 3,45 7,8,9,10 14, 15 19, 20
23] Nzw
(Cronbach’s ) 674 .643 706 779 749
Table 4. Factor loadings of rotated component matrix
=% 24
= W3
™ (Hel) I I I v v
1 .682 306 055 .055 396
LAAEA 24 2 722 079 087 159 181
6 .633 175 206 122 -.025
3 438 558 .006 259 .193
I 2284 x4 4 148 703 143 057 220
5 .149 719 197 146 015
7 547 -.020 574 .198 023
8 306 .086 .595 287 147
. Aol R Al
L. =hgorsh 214 9 132 247 585 182 139
10 .090 .090 621 .093 202
11 -.250 371 422 A74 .057
12 120 212 121 714 110
V. @A 14 130 121 103 276 670 167
14 .108 .063 .046 758 244
15 237 .021 219 .663 .088
16 .039 215 -.098 307 677
17 175 139 .091 212 .686
V. 37 R4 18 -.059 224 427 .188 435

19 222 056 310 .104 659
20 .070 -.024 328 .019 671

3% WA Fad A
G R

(rotated component matrix)2] Q¢1 FslgFo g A& EgkS ou|sh=
i BT 94 Alole] AJHAlS WAL Qlok el T(Hst S5
ANA A= TBEY] ofF= olal)2 T2 a4 M(3HYols| A
Aol FatE|A|et a4 [ (AAEA XA)2e] A7 S4T= &
ode A qlar, Wl 18(- ] H3te] = B2 w3 )
a2 VEHIE7E Aol FobE At a4 Mm(EHYolsl] A 4)ae] 4
WAG7E 4212 Froln|shA whdE]o] Qlrk 0|9 e Avk= EetA]
o]aL thHAQl el WAl A BN o F ISk aaet Wel
0] AL EAIHA HIE AR A ETE &, 18} sh5olA
e AEY oHeS oldfshe Ae sHEo] ol Yske FAIY

el T 1t e Helo] ke A0 FHE]R, Y Sike]

FHE o] @A) Fok= 2S 12 4 GiekDanielson, 1996)
= Aol 27 PRE R4 I(TRER AA)e Fako] BA
ofat olshel BRE AAoz, Yo A BaH Pe] B4l ofd
A4, 23} A4 rere] oAb W] dhat AALS EFIh ad
I(EHgols) A4S 5] thifolt st A1) SPagel ek 214
o, ShyEe] e ul Bl gt ]3] 45 pSol Tetel o)
AU g Wl A4, AR SO T a4 N(GAA
AA)e chof 43 el TR 4] 2 g B e A4
2, S5 olsiet AnE HA3ka YA Hould ol
Qofit 4= QIS Wik - Amshe el A L 4l Y
of that A4 P upuro R a4 V(EIBIE AL S
S 5} A4S 913 choRt 7k A2 W 7)ol i AAlo 2,
SES] A4S BIIHT SIS Wk S48 4 gl thy
3 37} A S, B7he] ol2at Aol Tk XA Fo= 74
Sk oje} g 89l BA Zujo] HlFo] & uf, YKo A
13 T 59 U(contents) Tk Btsto] SLA} Qolof S A 2,

SMK 2] ¥Zo|, 84 1, IV, VE ¢ Ad(practices) ¥} TH5}o]
WAL Fojof sh= A F, PCK ] ol &3hrfarl & 4= Qi wAat
A2 & GPKUF CKe} i 8clo] £E5A] 2 A2 st ¢l

AHoz A AR BRER THSEY] el o o)
A2 SSo] AHle] Bet WAkl sl QIASHE Ay 891

=
B Flo|nR, SEo] 29 Bal TS| BE WAL U
8 B Aot S AR Tl AL A 3

Mo
M
oo
)

l
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H
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785 8l 7Nl dhet &
ol H]SH et @R} TO}E]: A =A48~. 57) :r" =1
T2 QA AES vistke AHFESA éﬂ]r Az oE H47NE
Z_]’——] ZpolE Uehll= A=l TEed o] B BESE Zlos e
W wEhA 291 Falpo] W 6719 S F 2709 wEa
(A4 78 2ol izt Q1A sHEo] ofEflshe AU 7A
€ AlQdsta, 47le] HSHE AAs
W2 80l Fabak wiimoll 2709] BSR4 Ay et
AR, S0l o lshs FAIY 7iE dA)E AAT B
gz 27k 7)) BEatul U Tlo] AEElGA] AZo|u A%
Azo] Brhsetnl, mIEA A W] S5l TAAE A
e AA REEA A4 Za ofu)zt deiivks A7E A%l
o webd ATAS ko] Aol Be 0] BERH zizke]
M= A= whgsial Qg2 ERIeh &, SAVI Aerte] Ahe=
Wo} 27h0] PEAEE Beld aolEAe] Ees|2 AR,
ole} e IS 55—“ Table 59} o] & 571] 54711, 1671€]
TS| isto] 2 AL, TEFAF FIHA
Q1 Fzof| it 2F 4?_] 212 291 4 =S Figure 29} gk,
1A 29l 24 mEks oM ohE, HEES] 34 Bl
gt A4 9 EldAS ™A Cronbach’s a & 0|83}
27 wolo] AREs BASH A, ——,L*47HL433§ 1 Zpo] 643~767
o] HE Ha A AlFEs 8712 Uehd HddES S5k
7t gEsitke Alo] ASE:
370 EFdAd(construct validity)S HAg7/Nd T} 1

O.l.,
=l= O
o%
o
A
X,
oft
ol
rlr

ow

-0,
B
SN—

AL =AFl=
E'—véol't'

Table 5. Constructs and observed variables for confirmatory
factor analysis
4714 o3 Wy
. L 73t Uhgo] tigh Al4jo] sl

AAEA 2. S| ARl A Hie ARtk

1
2
AH 6 sPISe] oleslsh TG S & okw ol
SMK =3 ol Hiole] w5} i 719] Bise 2 slefstr ik
SEER 4 3] da] dhat }Ao] Frsl
XA s, 33k A|AS0] oA wrEoll A & ekw gk
g T el aak shol A oletes @ olsfuic
ey S 2l SEe] 2o & sjofsha 9k
sl ¢ X ) et ogeel Al A48 & dee
A4 olr;}-
12, 7} s A9a o A ZRelt AaE olg
=
L 13 s i) 28 vk BT} ofES AR
pek THEH 1) Sl Aol et shSe] olskg o)) ola) R
A4 =9 o|gai}
Is. B WS 4ol mibh Be Pl ket
16, SIS BoF HA=E 24517 2l chrt B7)
v, e Fgald
SYBIE 17, SPIS] AAIS) T} AR ol AEE Tlelgt 4 9)
A4 =2 g g

19. %7} 2ol ot TR us shsel AR

EEMEERSER
Aot 2 S A=AE HERdTK(Yy, 2012).
ZEGAd(convergent  validity) 2} FHHES
vl 5% S5, IFIT0| 2245 Y3ehd 30l oLz
A H 7F Algho] 22 midEeldAjo] Qoka 3 4= 9)

[e] = AN
A= O
] T}IA] O

Aol T 02, TAAFO] TEU] 23]
ZRAAY EFge

ZJ(discriminant

S S8 flste] f.QlFtskgt Fo4, Bt v‘i‘J}i
Z(AVE, Average Extracted), 7J@AIZ|=(composite
reliability) ] o] ARG Qlom, TEEl/dS 581 $lste
AVE> 0" (o1 TN ABAD), [0S E(EEXP)7H 102
EQSHEA] of, At Aok 719 1 Mol BAs:
HhHol AREE AL QITH(Yu, 2012).

Table 62 S}olx| 201 B walo] ther AZelbS AZ3t 23t
2, AAEA A=A A A A=E AR YA] Es F Rl
231 35}0] 5 O30l CR. hE 607 ooz §olal] ujio]
ASEFGAo] &= ZoF YElt) ESHAVE ZH2 876 oo R
5 oPe] S35 molx o, AYAIZEE 955 oo 7 o)
o SR noli o] FFeke) e Aoz alsic

dh, & 2ol de EekAS AEe) St

1 Aol 1 %o MR AEH A TR A2
S HEAOR A% Sasiolh AARH 4] o FEEY

Zi%?l s WA A R
Z|A19] AVE= 908, L=
] ZV—]-OJ AVEb 88302 = AVE glo| /Al AlFEe 25

7] el paEeAlo] gl AoR etk Ea 4424 24
3 PEEH A4 219) A% 159 £ AN o) BEeA
0425 [=2xS.E] Aol felat 2, 12 ZTHA 9] uhizo]
ebg o] gl 20 Uehgtth Table 72 4§k Alopmel 7i9]

Variance

>
5
=
=
=l
12
@E® RO @ ®E® F®®

o =i [y

Figure 2. Confirmatory factor analysis model for science
teacher effectiveness
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Table 6. Convergent validity verification of confirmatory factor analysis model

1=
WEZSAS  SE. CR po omestAr ave M8 (Cmf;‘fi 0

AAEA A8 24 FHR 1.000 - - - 850

AAEA 24l Al 758 093 8.180 .000 661 908 966 674
AAEA A=A 7 Q1K 647 .106 6.093 .000 484

TEEA AA-g o oot 1.000 - - - 726

Frex AA-TskA} 2|4 952 143 6.659 .000 592 883 957 643
TEEA A4 A 74 832 137 6.070 .000 531

Holsf| x]Al—ojEfE o)) 1.000 - - - 630
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Table 10. Descriptive statistics of students' perception on
science teacher effectiveness factors

Table 12. Difference in the students’ perception on science teacher
effectiveness factors by achievement level

TR70E Al Hagh Hdigk B9 EREA N4 Eokas Bat  EZTEA AR t
AR EA 24 190 1.67 5.00 3.94 61 A+9) 421 53 52
== A ZA Z]A] ° ok
JEEA A 190 133 500 3.60 61 HES AN o 36 65 5 4696
SHAfols] #]4] 190 1.67 5.00 3.86 .64 Ao
i<} bl S9] 3.67 .62 52
SR 7} x| 4] 190 1.33 5.00 3.52 72 A}O
S — Agolaf A f:] 406 38 52 4.694%%*
59 3.53 58 52
Table 11. Difference in the students’ perception on science teacher ol ek 2]A) gohil 3.85 63 52 2 309*
effectiveness factors by gender O gl 3.54 .68 52 '
= anh !
I = sy A)a o 362 8 2 s
Az JIA 3.96 66 104 613 il 3.40 77 52
A4 oJsHAl 3.91 56 86 : *p<.05, **p<.01
JmEd gy 372 60 104
A4 GER 3.50 60 86 29757 . .
&FAj o) 5l Lo 3.84 67 104 2 oz %9,]1:!]?‘?1— X]'O]b O]"’]X]D} _‘ﬂmolﬁH ;(]/Kloﬂ EH—'S} oq-c‘uﬂg,] ?_141]
AM_ ofstd 388 61 86 o] Wt} o ferhe Aufe] 53 Bart olnk oje 2 Ak
PO HWE SR T W gy S A el et oiskel s ofeige
Z A 3.74 57 86 i ] - e )
StAmL delAl 3.62 20 104 . AlAsHAl skl =4 Zso ¥ ot 5Z AARITh ¢
A4 oE 340 7 g 10 Az AT AA2A 72, sHola] XAl Z=elHek 2|40 atal
.03 3} olSHIE Afolo] EAZOR fofmld Aol LhehiA] gkt

ot sl Q4 AR wste] 71k Ay, o]2o] et
A2lo] hsto] Bl thet olslE Th A|Al7 A4S WS Bl
wo] Q7] uho sk Eak AR A4S 2 25 Qlrka
A Aol BhR iHeF A|A0R olojx7l ofen, webA
SMK e} PCK7} Q1715 289] olfow Lot g Ak o
9, 220k x| &o] TAgols) x|AlL
SIeHs ol = 74 A Apole] &
Ao WzhEch

okt Ay QlSe] o by )
Srohiz] 9I) 714 B AL FaAsch Table 10 sPYEo]

QUajstar i akAle] Eabgel ot 714 B 2k, Bga
EZEA} 22352394, 61~729] HAS Ro| 1 ek PSS
S Tt Y 091 5 ANER A4S 71 Faspl 42
811 glglom], 71 The SPABols) X1, oIk X)), FREA A4)
S AN S0 FANE BRI Stk 71 BA BA
Ajolut SHebstol Al u), SES WAV A4S T 23
Aol SyEel thek olshg vhgo R choet w8k W B}
WS A8 F AL vl e o 5 9k

T, SS9 R SleIYF Szl mhek kAl weh At
A4S ojgiA] QlAaka qliex) BASHEOR, T WG 7 Ho|
Hlst] giste] 2118 AQ) B4 mule] PAAER H 2 B

=

Table 112 3Fe} WA} HI 82500 "HOPOEI SIS Aol
T 14 bl & yeRd Aok Eeha} of ey M 57 2919
T8 A A U Ut oLy, sHgolsl] x4l ARt
47) 8910l A debgo] o SPYELE 52 ke UEhI: SA1

o]—;(lﬂ]— ?-_,.EXJ ;(]/K]J,l— ‘6}—}\“.1;17]— Z]/\]oﬂ/\—l LP‘G‘I—J\HJ,]- O:IB‘I—I\HE—_,] .lﬂ
AR R 2R 0222 FePgEe] ofshiEe] vl w2 g 3l
o, k=7 (two-tailed test) AT} ¢ Zr2 212} 2.975, 2.100 0.2 SHAY
59 Aol weh FAFCR p<05 ollAl &n Q= Abolt A
o9} £ A= g0l Ojli“c’i%‘)ﬂ HJ8l| wAR7} Zk5eofok
o 24 F EE Atel9] Ao aA, 2tek x4 whge] oAb mie,
f5hA] gto] Ao gt X[AlEE Kot FasHA AZskal Q3
welee], ojspiERT) dehiEe] A} S e] Ralae
ofel 7} Wee Bealol SIS ofs) 2 Yoy u
1 Asjo] chal BHAQ TEHE AT Z AL o Bl 9SS
Hojzcy

o e T A 2o 29
5 ohi] Sfsjo] TESHLOIA AT 20133HIE 257] a3t
4o vlgo SIS ASIUTI) I S9N O
do] T EE SRR 15S

;L

_q

okatiL

ﬂJ

St 3, B4 99l B4 w1
ATt

Table 12+= 38t WAL A3 2910 dist sRIES] aiAd] =&
of w2 QIAlE e Alolck 57) kg a9l HFoA Ao
SR =& Bataks YeRSITE ShAT, AT 9=
57«9l gt 2w J*ﬁ AI7E A e LA ‘%E}Ur
Hh, 519 Ake] A= ole} ok ke UElth 53], gk
aff ZJAlof gk Fﬁiﬂ diA oz WA Ul ofofl tigk <l
THE Y =714 At Best Aoz AAEL + HE
Azt 2= A Al AT Q1A o] = YA
TR X A3 S TE A Ao A A9 e} 5k ek Atole]l
FAACE [omgt Aloli= U] It B, ek 240
gk FE5HA 2 32 23998 SS9 A ol whek

> froox

-

*o;_-,

l

c

EAZOR p<05 ZollA] oJu] 9= 2jol} Qdch EdE Al =2
A3k sHAYo sl Ao A] ¢ GRS Zk7t 4.696, 4.694 % SHAIAF Sz
of wkzt p<01 S0l 2Jn] Q= Aol S Helrk. o]o} L Ao



Lee & Park

7 B} B WEAIAE
ofshE Hieho.R B3bHo|m Thuizlolm AR ofEAel BAS 2
Soigmeld AEE SRR AR 2718 Sk 9eg o
% gk

v. 22 2 M
o] oMz AAF AJ41e] FolA sHYF0] AAfsal A= Tt
o]

WA EIY 9l B Rol BAS B8] 2Eetw, o
o}

BAS 3 0915 79 T2 AR BT

o A EAEA, FEEA) T e AR wE AA(sHYols),
A~

& B AL
AR ok 5918 918 B0l ojnjg Ay, 4:¢] Als) Pl
Al olelgt EriE TNoR ARE Fa) wEshe AHd 1Al
249) ofn| At}

57, e1d a9l BAS Be) 5 5] asl5e] 7R dn
o BAT Aa, AARH A4 TR A4, shols) X 4a
o 2|4] ko] Ao] THE 29150 ul8) Ao § R
ARAS 291 vk, AAER A A3 Solek XA o RS
Hoitk AAER A)Aa FEEA AA0] ATAT B A Tt
AVAL A, lejmet obet olefgt 3is A4 50] of@ A gl
=)ol gt 29 ZUe T T Ao] wEbAQ) 1)
5902 918 AT ARk sHola X\ Alah S 1|4l
ARA £ AL Aol EakAel 4918 SR Zudolet

=

9] ol ZA1KBransford, Brown, & Cocking, 1999; Shulman
uinlan, 1996; Lee, 2009)9} 72 wigko g B 2= oIt} w3l Ay
A48 ofalf o]l AAsh, 59 ofHeS HolE o e
TASHE WARS ARHAQ] WALR QIAISHAL Al Hal
1A 24 A4 AR 2|4]o] 7P W ks UE
d A = Wea dEE Hx gle A AA(SMK  for
discipline) o] A} vlm AA|E7]= o ¢w st ¢ fIet
SMK(SMK for teaching)= W2 ojof & HR7} Qg 743 Ball,
Thames, & Phelps(2008)9] ¢1te} -2 wigto g A= 4~ Qlch
F3k JybAel PCKe A3 QAcz uygol #wdHcontent
elaboration) I}o] A o]gl= Smith?} Neale(1989)2] FAI =
SRS

AR, st wAl Zabg a2lof tigh sy
AR EA R4 > sHAolsl x| > %
> SPR7L A4 o m FaskA AZksk
A 3] PEEE FYu[ AjolE Hlrk
o] Boff floll RIS AP A A} oj &S
A2k Ak IS wHAR] et A Q1A
o avhael The wAke] 4 A W

e

Flo

2
)
i
o

AN o & e

i
=
2=
i1kad

i
1o

& o
Voo

oy

Bit)

A
4yt
@
2L
ot
N
> nE >~ K

r
i
o rh 4

o

ox

ol rlr
oTz po)
iyt
bk
T
T
5L

¢
c
-

1A

5
(o3
> K
s
< |
oﬁi'olnu
4 X
e

L

632

9] A3HAQ1 Z3Hcoherent integration)o] 3, o]& E3f SMK2}
PCK 9] AU R]|Z Whd(synergistic development)©] 7FsgH2 AJAFSICE

o] = SIS IollA et wALe] Avby QQkE #ARE e
2, o] d+t Aik= thZ} 22 SN -85 282 & e
Aoz 7|tk

AR, At Aibe Bs wAke] 4 A AdE QIR ol 24
TAE AlsE Aol Wk 9] A Aol 7 Sast a4
29] 37t skl TN o3& 9J3F W<(teaching for conceptual
understanding)’ o[t} 0|72 SHEC] e APl wARS] wapdt
50| o] FojAok & S|ttt IEug o] Ao =EE 74
A= SHES] 7l ofslE flsl AL AFslior & SHo] 78l
Alof| et HRE AlgehozA wAke] aidE Aladk 4= Sl 1
o] g Zlolt}.

A, Tt wAF A 22 A v 4 qlok wAe] A
e 1Ao7 WAL IS Sl FFETh shARE d9Y st
AL FAJIFFL o] 2 A (theoretical) e B|3f A% A (practical) =
Ho| nj&3t Ao7 Buwy QthKim et al, 2010). o]AE £
THholu A 5 AA @] &t AA7E dAH e R of7]
stagsl I 749-= PCK 7o} 4]l o
ojEg o|Zut HA| AA} tl& AAs] atHr: & At A=
AR st A 28-S Bl AEE BHA SAECIEE Hetusst
T=0] w2 (syllabus)of] RHGE T A% a5 HAsE 4
ol AAldauthenticity) S %1% 5 9 Ao shgck

4

(WSS !

=
M
o,
s
Am
ol

i
1o o
rO
)
o ¢
Hr
9
ok
i
=x
&
X
S
e
&
o,
fo
rO
o
@
e
ol
38
fiul
2,
&)

O i o
N
P
2
rO
E
N
1>
1o
i
ilffg
flo
i3
2
fo
£,
=hid

o &

>
@

>_OH4_1
Nrﬂm
g R
2

lo Hu

A aelofl it S AMS Y 9 o A

3
w 9
=
fo e
>
TR
r})njf‘l
2

)
g
o
fo
Mo 2
s
S
N
= oy
L)
=T
o (O
N

O:

.
A
SR
Lo ox,
O?:ko;t
re

o
S

>
o
ot
[e]
ol
oh
2
o
u:s
X
ro,
f
o

il

o
2
fo

ThA] 5 o] FAF A4 HHSMK e} POK) R E5aloit) 8

R ) AR AT e A4, shola] A4lH e

|
o

o

=
M8E 91814 SMKS}PCK7 A2 B8 Bast 93-S At

stolck o] s ek WAL AR Al o] B8} wAL opY mx
a9 S §IR APES Ag

ZA0] : apst WAL Fabg, WAL 4], makas st A4, mahyget

A4, 29l 84



The Analysis of the Factors of the Effectiveness of Science Teacher as Perceived by Students through the Perspective of Teacher Knowledge

References

Abd-El-Khalick, F., & BouJaoude, S. (1997). An exploratory study of the
knowledge base for science teaching. Journal of Research in Science
Teaching, 34(7), 673-699.

Anderson, R. D., & Mitchener, C. P. (1994). Research on science teacher
education. In D. L. Gabel (Ed.), Handbook of research on science
teaching and learning (pp. 3-44). New York, NY: Macmilan.

Bagozzi, R. P., & Yi, Y.(1998). On the evaluation of structural equation
models. Journal of the Academy of Marketing Science, 16(1), 74-94.

Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for
teaching: What makes it special? Journal of Teacher Education, 59,
389-407.

Bransford, J., Brown, A., & Cocking, R. (1999). How people learn: Brain,
mind, experience, and school. Washington, DC: National Academy
press.

Carlsen, W. S. (1999). Domains of teacher knowledge. In J. Gess-Newsome
& N. G. Lederman (Eds.), Examining pedagogical content knowledge.
Netherlands: Kluwer Academic Publishers.

Danielson, C. (1996). Enhancing professional practice: A framework for
teaching. Alexandria, VA: Association for Supervision and Curriculum
Development.

Fenstermacher, G. D. (1994). The knower and the known: The nature of
knowledge in research on teaching. In L. Darling-Hammond (Ed.)
Review of Research in Education, 20, 3-56.

Ferguson, R. F. (2010). Student perceptions of teaching effectiveness:
Discussion brief. Cambridge, MA: National Center for Teacher Effec-
tiveness and the Achievement Gap Initiative, Harvard University.

Geddis, A. N. (1993). Transforming subject matter knowledge: The role of
pedagogical content knowledge in learning to reflect on teaching.
International Journal of Science Education, 15, 673-683.

Gess-Newsome, J., & Lederman, N. G. (1995). Biology teachers’ perceptions
of subject matter structure and its relationship to classroom practice.
Journal of Research in Science Teaching, 32(3), 301-325.

Grossman, P. L. (1990). The making of a teacher: Teacher knowledge and
teacher education. New York, NY: Teachers College Press.

Jang, S. J. (2010). Assessing college students perceptions of a case teacher
pedagogical content knowledge using a newly developed instrument.
Higher Education, 61(6), 663-678.

Ju, D. B., & Kang, H. S. (2000). A factor analysis of teacher effectiveness.
The Journal of Korean Teacher Education, 17(1), 207-224.

Kim, Y. M., Mun, J. S, Park, J. S., & Lim, G. S. (2010). Comparison of
perception on science teacher preparation courses by beginner and
experienced science teachers. Journal of the Korean Association for
Research in Science Education, 30(8), 1002-1016.

Knight, S. L., & Waxman, H. C. (1991). Students' cognition and classroom
instruction. In H. C. Waxman & H. J. Walberg (Eds.), Effective tea-
ching: Current research. San Pablo, CA: McCutchan Publishing Corp.

Ko, J. C. (2008). The search for conceptual meanings of teacher effectiveness.
The Journal of Child Education, 2, 19-32.

Kwak, Y. (2009). Research on the effects of Subject Matter Knowledge
(SMK) on Pedagogical Content Knowledge (PCK) of secondary
beginning science teachers in classroom teaching. Journal of the Korean
Association for Research in Science Education, 29(6), 611-625.

Lee, K. Y. (2009). An analysis of earth science teachers’ topic-specific
pedagogical content knowledge: A case of pre-service and in-service
teachers. Journal of the Korean Earth Science Society, 30(3), 330-343.

Lee, S. M. (2000). The basis of factor analysis. Seoul: Kyoyookbook
Publication Co.

Lin, R., Xie, J., Jeng, Y. C., & Huang, S. (2010). The relationship between
teacher quality and teaching effectiveness perceived by students from
industrial vocational high schools. Asian Journal of Arts and Sciences,
1(2), 167-187.

Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources, and
development of PCK. In J. Gess-Newsome & N. G. Lederman (Eds.),
Examining pedagogical content knowledge (pp. 95-132). Netherlands:
Kluwer Academic Publishers.

Min, H. J., Park, C. Y., & Paik, S. H. (2010). An analysis of beginning
science teachers’ pedagogical content knowledge through the teaching
practice. Journal of the Korean Association for Research in Science
Education, 30(4), 437-451.

Park, C. Y., Min, H. J., & Paik, S. H. (2008). An analysis of pre-service
science teachers’ pedagogical content knowledge through the
student-teacher practice. Journal of the Korean Association for Research
in Science Education, 28(6), 641-648.

Park, S., & Oliver, J. S. (2008). Revisiting the conceptualisation of
pedagogical content knowledge (PCK): PCK as a conceptual tool to
understand teachers as professionals. Research in Science Education,
38(3), 261-284.

Park, S. H. (2006). Pedagogical content knowledge among science teachers
based on teaching method, self-efficacy, and attitude on science
teaching. Journal of the Korean Association for Research in Science
Education, 26(1), 122-131.

Schwab, J. (1978). Education and the structure of the discipline, In 1. Estbury
& N. J. Wilkof (Eds.), Science, curriculum and liberal education (pp.
229-272). Chicago, IL: University of Chicago.

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new
reform. Havard Educational Review, 57(1), 1-22.

Shulman, L. S., & Quinlan K. M. (1996). The comparative psychology of
school subjects. In D. C. Berliner & R. C. Calfee (Eds.), The handbook
of educational psychology (pp. 399-422). New York, NY: Macmillan.

Smith, D. C., & Neale, D. C. (1989). The construction of subject matter
knowledge in primary science teaching. Teaching & Teacher Education,
5(1), 1-20.

Van Driel, J. H., Verloop, N., & De Vos, W. (1998). Developing science
teachers’ pedagogical content knowledge. Journal of Research in
Science Teaching, 35(6), 673-695.

Yu, J. P. (2012). The concept and understanding of structural equation
modeling by the professor Yujongpil. Seoul: Hannarae Publishing Co.

633



Lee & Park

g e A Ye
! gol, e, EO 5 oefet sty Wie A s F8ote] Attt
2 SPYEe] AR A4 AT 0lF MR e o] ddste] sl
3 A4 SES AEs] Q) TR e i
4 Tk AdS Asien] 19 E 5 ol
5 shige) i st Ade nAFY) 8 AES Bk
6 T AASL SIS ol olsfa 4w At
7 T3t ol gk Al4je] Fratck
8 sPYSo] oleieishs A de % 9w gck
9 Trafel] hat SHES] olsiE Eol] Slsh ThaRet WS ol gttt
10 et NS HekshA Mgt
1 Tt 4L 50 olafE 4 ok WHor mHHh
12 £ WS A e 4
13 SIS0l siet el g ofetia ol
14 awe Wt ARS AR 9 BT TES Zﬂ*ﬁ*ﬂ}
15 = Mo AAE e el dist He & 7]slE Eoh
16 ek MdE F olE S0l deedth
17 Ttk S A9 of A B olgeith
18 sHiSo] Ashal gws & 7]18lS Al
19 wAIS sES o SIS =ElHoR ARISHES Aeeitt.
20 sHEe) XA 274l o5 5712 e e e s Atk
21 sHSel A s o Sle Eed Xﬂﬂﬂt}
22 SIS0 AE wksk fd-e mpelstara} sl
23 sk fES A o thekst d5L o]83lt
24 ek e °1t‘*7ﬂ F@soF sh=Alo] tfgh 72 AA& 7L glck
25 WIS 5 oAl Ekre] st
26 kst 7o tH?SH & ofsfstal it
27 sHSol ol FAIE 2ol Aehe= oP7l el ot Saat clss ARt
28 SIS o] S W BE oSS HFAch
29 D 58 59 B} e GeE MEAY 4 9t e A ok
30 spge] Yo AEe PHS ATk
31 wAl gt S v AAE IR sES flet Bt Al SiEA] gtk
32 sPEe) thefet sEolut Wi & Aot
33 spSol AA| o] i Hold o Qs At
34 spgol e Hold 5 Sl Fea At
35 Tkeh 8ol gk gt olsls flsl eHYSelAl B2 e otk
36 wabAEe S WS ot
37 P Fel o WAS ol 8Tt
38 AR} AL V)ee ARt
39 SS9 wfet k5 Er|S ulsict
40 SHISe] sk Abm 7158 ERgich

634



