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&, 2003; Barendsen & Henze, 2019; Wiener et al, 2018).

(Zd &, AT
ol & 98l wAb= W f&ERE ofyel wak g9 gl g W
Holl #3] A7 a7k ded, o Wt wS3H4 A2 (pedagogical

content knowledge; PCK)°o] E<°] 2 4 <th(Shulman, 1986, 1987).
PCKE AR ¢S 9L e o gs a1 43 oy gAyo
W Y A gRH o odd ¢ AR A HPA| T = WY
of I3 AL ouldtH(Magnusson et al, 1999; Park & Oliver,
2008). wrebAl A= PCKE Algstr] el w=gsfoF g
PCKE w53 o] &gk %2, wg dgfol] &g A2, shAo] #3
A2 FH7ke #eE AA T ggdt 942 FAAEY(Padilla & van
Driel, 2011; Park & Chen, 2012). WA= o]g]dt t}%3t PCK 845 o
dfstal FFAo® agste] 7 = el Bi= PCK 84
Al A& 7 dojof dvf 1Yy B wA7E gAY 54
AA AR 21S T 7S AASG e, A A F
s A SA4S dF Yetuets wsHgoly Frt
el A= ALY agstA et Ao®E UeEt(dde F, 2011 =H
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i€
d gl THAA FdFS vA = A gk AFEe] AHFRE T,
2016, Beyer & Davis, 2012; Collopy, 2003, Remillard et al, 2014,
Rezat et al, 2021; Roblin et al, 2018; Schneider & Krajcik, 2002). <
g 59 WAME w§HA Az AAE PCK #d FRE 53] A<
gFdEed Ees = de ug Ao T/\?;Ix] Jpo}aaL, 01—% T
Jol A AGA F&foF st=AE &

Schneider & Krajcik, 2002). o] 2]l %= /\}—E WALE A EAE o6H g}
Aol Fvy w715 Fiets Wk FHe dH Ees T

2 5, 2016).

f

S &
stz wAke] g9 AEAS Adss a3l shue] WRlel E
A (Beyer et al, 2009; Davis & Krajcik, 2005). AF-E X E=A o =
S kA AA = 141*% u
st wa-shy W HUE =4 2R 74}
7b 2o v (A el A s, 2017; °1 &, 2019; o] 3, A
T3k WALE X EA= AAA
23 ARE =44 33
= 7 AFHFE S, $3§, 2020; olalel, 3], 2016; Collopy, 2003;
Putnam & Borko, 2000). 53] %% A}= Xﬂ@% AZE EQF oy &
= A =soF st=d(MAEE =
2003), PCK AR 7} g5 o] Sl wALE 7<1 Hiﬂ 282 AR W
Abe] AEA =2 g ARvte] FejHl + A
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o] AelA AL§H Fa ol thet
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L

STt
1) w3}l 88+ 2] (pedagogical content knowledge; PCK)

PCKE 18374 %2l (Pedagocical content; PK)9} 3-8 %2
(Content Knowledge; CK)¢] &3t&(amalgam)® Shulman(1986, 1987)
of o3 AFEATE o] F o7 sARE] 93] PCKe Aot +4 84
of gt AF7E o]FAXH JidstE A tH(Laughran et al, 2001;
Tuner-Bisset, 1999, 2001; Magnusson et al, 1990), PCK= XA} &
B FAE FAAA wgsts HAAA TFAY ofE -zl g ol
U ud W8 FAste AA Fol] FAHe wdsts AR FA
E-0] A (topic specificity)®] 2™ (van Driel et al, 1998), o]+ nl4=-38}
F&olut uAbel Ay #EEo vE2A yEd 5 v alAbe

TS AdS 93 AFE2ZH PCKZF AFEETH PCKE A AR
WAl #we A A wg Al wek A A A Ik #24],
Eul

et th(Park & Oliver, 2008; Magnusson et al,

N
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WAE AEME St A FAYEY Wi Astel ASHE WAHE
o MM-ewhgd L AAALE 5L Feho], St wAgEA
o Bt A, (NERY A27864AT, 2017.2.22) A2z A wWI§
A sl gostn glom, waEEAE wub 2 ARAE TP
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2.1 PCK(pedagogical content knowledge)

Shulman(1986, 1987)o] 2Ja] Aet®l PCK(pedagogical content
knowledge) = 3} ul-§& |2 4 AA e =FEEA wy Y&
_]

d 5l7] Hoﬂ A7} ZEo]of St

Sl 47 AT & UEF T
K

|
=1
Ho
off
g r

o
R s ;q)\lo]r/]. Txﬂ

o

= =

Aede Hele ARz 5
o) =

o 4 = %} S glek. ofell o] el
Ao alAbe] o A FES flske] e stal aWAE A=A e
Wt PCK 845 &E3te] wAstalal b,

AP ) U)ol g olsl Wyt ofue} stss] 0% mA
2 4993 s 49 BE =2L g FHAA us A
2% 3 o2 WHAACE Shid, ol F WAkl £¢ ARAHoln &

= T
Shulman(1986, 1987) ©l& 7f-dsfioF &vhw w842 3 w584
A28 5 sdE2A PCKel= &o& Abgsto] =z ¢
Shulman(1987) WAL Al Q5] = ] 2] 7|1k x
-G A A, w58 A A wg Aol thEk XA, Wl A
I A2 s EAo gk A2, @%X}Oﬂ qh?} A 4] %‘94 St =
PCK( #u538F2] 2) & 553
g oy gaE9 A& Ea

W A7 A

E
(L
J
N
)
)
i
e

|
ol
ol
38

=

ﬂoi PCK7} 7Hﬁ§}54 PC
star itk o]o] PCKell thsf



AT F8
A gkt

Cochran et al(1993)> PCKE TFAToA oA A A stA =,
WAL FAalo] o el s A4 o] A o] doju= ZlolBRE ) ShE
Abe ek 2 A sk Ao #ek e vt prtEojol & s}
th ol ThFo] o] Fojxl 5 At wWete Fo4dS F7ste ol 7
£o] PCKoll shgatel sty 4o #3g A2 27KA& F7hete] oF
(knowing)s Bl&¢] PCKg(Pedagogical content knowing)S. 2 74 A
QFst A

PCKe| 54 S|4

£

Age A4E FAHOR PCK /Mdst B4 Avna

2

N

At

e van Driel et al(1998)2 xLA}7}
Au = Adef dPom o] Folxl Ao
hgk A 2o] thE mIr A Hold F

Aol ofyghar Hotrh mEM wAbel PCKE 7hash7] fleiA =
oW oA oW FAR Shgo] o] FojH =l e ze aevh 3l
ojof dttya & 4= 9t}

#3t wate] dis PCKE <dw3 x4 A+ Magnusson et
al(1999)c. & ¥38t w4 A (orientation to teaching science)®] Z8A
S Az h Shulman(1987)9 A4 = PCKSF A wAE 2|4 7|0k 2] 4]
TAARY w3 B3 A3 wE A FS PCKO g esrz
g AlRbetdt. #8t g A7 A wg-ghFe] gk wALE Y] A4
I Ade oue= A
o

3
sk A2l Qs F= Aoz ®Hoth ueba I wgE A

A= A
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PCK

includes

which shapes

/

Knowledge of
Science
Curricula

mciudmg
5pec1ﬁc

Science mclw:lm
Curricula
SCience Goals
and Objectives

/

Knowledge of
Students’
Understanding
of Science

Orientation to
Teaching Science

/ \ which shapes
I \

\ EKnowledge of

\ Assessment

il of Scientific
which shapes Litorace

\

which shapes III

Dimensions
| of Science
Learning to
Aszess

Methods of
Assessing
Science
Learning

Knowledge of
Instructional
Strategies

Strategies for

Science-specific Specific Science

Strategies Topics
(for any topic)
Requirements Areas of i
foicl garnin Sadent Activities
Difficulty Represeniations
<18 [O-1> Magnusson ef al(1999)¢] #3tw4=3t59] PCK 84
- 11 -
ot



{0

w3t Loughran et al(2001)2 PCKE ALY A3 A4 wAdst=
o8 54 #g FAd g qA=9 ol E s WAL AMEshe

)

it

X]—]u—i Aoste], wAlel uwg FYPA A EAH 9 FA 9}
HAAES B89 Y Hashweh(2005) = PCKE Abdoly AHsS a1
!

2
fo W >
oL

0%,

o2 o

oft
o
ol

T’L%i 4 G4 & (pedagogical constructions)® 725y,
< 7HA71e g FAld mE wALY] A Eo] A - BHkS
ol SAH = wAF 7R A4 o= Bk

Shulman©o] PCK®|e] WAL A2 7]gko g2 BF3d w34l 3k
A2 alg B2 ik A A& Grossman(1990)2 PCKe| st 8 4=
XA A AR =], 200539 Grossman< Schoenfeld & Lee(2005)
o A wALZE ZhFojob & FEo] gk 1z 3 PCKE A8k
o}
5}

mo rlr

2,

o]

ﬂlﬁ OZL
ol

72wk

. o5& PCKel 935 PlAl= 84 5 F /AR w3 yg #2434

Aol A3 A4 e o erfded g WA= HAE dxe

olg} o] W StAEe] PCKel wigt A5 &3 PCKe 5S4+
ya

2t} (van Driel et al, 1998).
=4, PCKE wA7E 4918 Fste]l 9 Ao 49 A4 i
olml, WAF Q1Y AAom o]F T WA ARAE HEE F vt

(Hashweh, 2005).

AR, PCKE &8 )4, il 82 4], shale] e 4, 54 =l
4 A 5 g ad5e] 4544 B ERHow e vH

== A2 o] tHGess-Newsome, 1999).

dA, PCK= &Wsks o] ofyel, Al 4o WS &
g - Bekste] XA or e g vk o]E WAL F9e] A
oA & 5 v &, PCKE #3499 ol Nz 9FS F
o} 44 3t} (Osborne, 1998).

PCK= ALe] =4 A3y A dado] fleusw
of g A Aol oy} wF FFo] AdAAFANA FFE F= X

jé].
oul = Adste 4 glrh 2 PCKe] 2458 BAGoRHN A

o

_12_



A AEEAM FEE 5 uia Hol, PCKY

2.1.2. PCK9Y 7484

WARA 2] shte] A2l o2 Shulman(1986)l <8 PCK7E Al
T2, PCK 9 WAMAA = PCKO 98 iz x3ste] PCKE
= AEE Jdon At AEAS ddsks AAo® PCKe 4
Qao s A7 et A o] Fo A il A tH(Cochran et al, 1993; De
Jong, van Driel, & Verloop, 2005, Geddis et al, 1993; Grossman, 1990;
Hashweh, 2005; Loughran et al, 2001; Magnusson et al, 1999, Marks,
1990; Park & Oliver, 2008a; Tamir, 1988). PCK2] T4 &4 o3t st
Age] el <E O-1>0 AT oA shAtmity Apol= gle
FAY ol dlo] gk x| 2]

g 3EA 3
Bt wgaAe] B A4, B wg A B A4, #}3 7)o

2
2
)

o
ol
20

L.

ek A4 Fo] IETHE3 Y, 119A}, 2008; Park & Oliver, 2008a).

_13_



<3 [I-1> PCKY +XH8Ax

g BT ST i . wy  wE wS
w g T gy oag MO gs ge 9
Shulman(1987) K P K P K K K
Tamir(1988) P P P P K K
Smith & Neale(1989) P P P K
Grossman(1990) P P P P K K K
Marks(1990) P P P P
Cochran et al.(1993) P P P P
Geddis et al.(1993) P P P
Fernandez
-Balboa & P P P P P
Stiehl(1995)
Carlsen(1999) P P P P
Gess—Newsome
(1999) b ror
Morine
-Dershimer & P P P P P
Kent(1999)
Magnusson et
al.(1999) b P b P
Koballa et al.(1999) P P P P P
Barnett &
Hodson(2001) P K K P K K K
Hasweh
(2005) P P P P P P P P
Lee(2005) P P P P P P
Banks et al.(2005) P P
Loughran et
al.(2006) P P P P P P
Park & Oliver(2008) P P P P P
Park & Chen(2012) p p D p p

*P: PCK 74 824, K PCK$} A nAbe] A A& FAsE o4

_14_



wALe] PCKe 24 74 8459 A& st do=A ddd
Eogen, THes 7o 4EA44S T BRHow wud & gy
(Magnusson et al, 1999; Park & Chen, 2012; Park & Oliver, 2008).

Tuner-Bisset(1999, 2001)2 PCK7}F 4 8425 7o As#g&e
Fol FAHE T2A ogue] Aolgn AFsh oo A A A
A WA 24 agsh g
2l

oz wae} FHE XA ugo] tigh At
St Akt WALl Ao Age] wEk A As
PCKE T43HATE o] Al 71A] 49 19 Foagd /M 24E
Folom, ol Hetug-stgoA PCK 8459 Haz4S vofsl=
4 834 A& 5 A tH(Mulholland et al, 2005).

gk Park & Oliver(2008a)+= LAY HAiE/del gk olsfe] 7id A
T2 PCKE ANdstsladtt. PCK= 54 a4 shsy AF3hol A whAL
P FEol e JHS T8 dEET Bk =3 WA &3t
o] PCK® AAMA AAE 7tsatAl grhar Atatglon, 440

5
o

A2 &3] oA Grossman et al(2005)9} wpzl7EA =2 SHAE ] Qfd
al

PCKE dAste=dl £83% 938 dvha Byt x5 Alolo] nA}
A2 8] sk 8 e g o Ade] EEsHAIRE EE Ul 7HA A AS A
st <@ T-2>9k ol ANdsteALE, ol w&sH A4
(pedagocical knowledge), u¥}u]-8%]2](subject matter knowledge), Xl

_QL

g3 A2 (PCK), 3 =2 #]2](knowledge of context)o]t}. 53t
PCKe +AHLeAZE A olsfdd &3t X2 wFapAo] #e =24 st
Aol &gz Hubol gk X2 g 8o X|ghol| #Hgk xAoz
o ST
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o N

SUBJECT MATTER KNOWLEDGE PEDAGOGICAL KNOWLEDGE
Leamners 2 Instruction
Syntactic Knowiedps Substaniive Knowiadge ) MI:;: .-Rlnornl an et Enfgah;l’rai
Leaming BEMEOL | cumicuum o
Infiuences Influences

N 4

PEDAGOGICAL CONTENT KNOWLEDGE

i Knowladge of
2{‘;’::&99 | Hnowledge r:iﬂn{';f‘ Assesament of Sudens’ ?;';"J::r o
of Curricuium Learning of Subject !
Underslanding Slrategies Wit Subject Madter
Influgnces
|

KNOWLEDGE OF CONTEXT

\ Mation & State Community District School Classroom Students /I

e =

<Y T-2> Park & Oliver(2008a)¢] w42 93k 4717 7| &
2] A (Grossman(1990)2] ¥ 3))

o

Park & Oliver(2008b) WARS] Sk FXIE7] 9
AT A PCK T4 &40l & A= 57FA S¥e AR o
= ug AY R, 2R w dEFe Al '@ F4le] A, SHAY
st 7E, A did o2 PCKeF HHE Fo] A& F=xs)
t}. olu] PCKe] 4240 33k Magnusson et al(1999), Grossman(1990),
Tamir(1988) &9 A7 7|x3ste] PCKE #38F w4 524, 3o gt
S olsfo] gk A2, He wsHAe e A2, 3w A
ek A2 HsE Gohel wek A2 o] 57EA 2 A o84l

Park & Chen(2012)= PCK TF4849 %Y 2H& ®H s
PCK &4 3t &9 57H4 S4S AT A4, PCK 24 3t &
G FA 5ol Aol vk =4, A ool #E A A wa H

ol tha A o] Bade FA fxolth AA, Fet wgA A5} 3}

ul
o K
0% )
o ok
-3
fiu)
ot
o o

ofr
32
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',

o = 2 PCK faebe] Aol AlgkAelgitt.

A, 38t sk vtel #3 A4S thE PCK 8458t 3t o] g
g A2 Bl oug dera 53 B AAVE 9 A5 o] Fol A

AR, el wgro] gk WA Q1 A& (orientation) > THE T4 849

= Aerat 29 B2 AT o5 F3 PCK Z

= L4 7re] A Aol wet PCKe Hdeo] 24

G odvha ®Bdh EE o] A= < M-3>3 2] PCK Maps

b

I
g3kl PCK Hagol tsl 43 olshl A4 5 Jws ¥
o

S

Beliefs about Purposes Decision Making in Beliefs about the
of Learning Science Teaching Nature of Science

1 Orientation to Teaching Science

ﬂ (0TS)

Influences

/

Knowledge of Students’
Understanding in Science
(Ksu)

Influences

AN

Knowledge of Instructional
Strategies for Teaching
science (KISR)

Topic-specific

Misconceptions Need : Subject-specific
Strategies Strategies
Learning Motivation \
Difficulties & Interest & Activities
MRepresentations
Influences L/ Influences

\ v

Knowledge of Science
Curriculum (KSC)

I
Curriculum Vertical Horizontal Dimensions of Science Methods of Accessing
Materials Curriculum  Curriculum Learning to Access Science Learning

Knowledge of Assessment
of Science Learning (KAs)

Influences

<1Y M-3> Park & Chen(2012)¢] #3F w4-ZE 93k P
pentagon model (Park & Oliver, 2008b2] &)
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wek et Jrie] AwAd s ddll, PCKel +A4 4o dAd =
e St A= AT wAbe] HrpaAg ol kel @3k A AR o}
Hel g PCK 8459 43dAAE detete] s34 &83st= Aol
dastrh(W3]7g 20125 ol A 2019; Falk, 2012; Park & Oliver, 2008a,

i

2008b). o]& Fa PCK 748459 (YU dasgg&oz dojzxl 3
2 PCK A4 wA7E =9dol A8t oS 574 - Besta st
o ¢ #3 PCK A9 55 =4 & v Aot Cochran et
al, 1993; Magnusson et al, 1999; Osborne, 1998; Park & Chen, 2012).

ole)gt BEAAN B PCKE TAR% 2472 FHo2 Basts A
o] WAL AT EFA PCKe AAE sebalr] ojel e & ke A

A% AdtH(Avraamidou & Zembal-Saul, 2005; Borgia, 2001). Lo =

FHRAES FEAGN WA Sgolh Hete] o) F3H o T4
24E9 A7 BHE B¥A A4 PCKE setsp] AfAE 7
TH A2ES BAS S o ARAd EFE oiAA 3 ArkAbell

| @A A= PCKe /dstE {8 4

3 A7 o] F ol Har(Carlsen, 1999; Tuner-Bisset, 1999,
2001), PCK 7Hd 3} -4 240l s stxbs Alelol g5l A7t A

= 4 74 8450 74 A AYA HE&HE=A o)
T o2 PCKe &, ALY AEAe] &3 gEo a5420=
W] AE Eoly] f% HAY dAFEo] MYy JrH=H ] F,
2011, =El8 &, 2013; Aydin & Boz , 2013; Aydin et al, 2015; Brown
et al, 2013; Padilla & van Driel, 2011; Park & Chen, 2012).
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2.2 WAL X T A

2.21. WAIE A E=A9 FaA

2 99 A £gY e Fol: o] FRsh oW WAL 2Em
A&A o2 Adsfor & A 2o PCKo|tH(FH A, 2001; Segall, 2004;
Shulman, 1986, 1987, van Driel et al, 2002). ©] &

42 AT FUL YA A=A Ao WY wF AL ASEd)
W& T2 g AnE BEeE Aol BAAY ¢ AT &
White, 2008; Grossman & Thompson, 2008). A7} =4S 4|5

AT BET S A A4 e wsARE wAAs @A A

b Aol wek A wg o] #E
I o], wAFe] PCK 73} gEo ¢
Ldelr] 9k £ Amolth wARE A
ofu g} w78
of BRE o F A v 2
et al, 2014, Davis et al, 2014). &=
Aol et o) Edt= A2 WA Q1] Fe A AT A
e $HE AR A 9 AgES AF=d
=g ZuAL B ofuet A E wSHAGol| thal vhetstar
= B A AR WAE A=A = G iAol S
=} Feiman-Nemser, 1988). welA wALE A=
s & Fd8 d F Ad=sF FH4E ZEFolof s, ol g -
of A JfMdel 71Ad = dvlel wa - S AR EA WARE A ®

7FA = =R Collpy, 2003; Davis & Krajcik, 2005, Wilson & Berne,
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QAES A= A dFS 11 W= A J o2 2 (Gess-Newsome,
1999), & AAE oW BE PCK o] 124 aelsofof g8 Fx
sttt oo g wWeto® WAL YA H{AFolA PCK dd9s 24 1L
He 79 B3-S du Aol Al trFaAl Algsior & RS Azt
auE 5(2009) = A1) HEawale] PCK whgel #sk Abe] ol A
PCK7} wAMEe] e s AGHAE 9 stAA 23 @& 917
WwENHe] oz Fash d3S TS AUt 299 2 uALe
T BAE 9
Agell= wAZE Q14 sk= PCKeE AAl alAbb wedoll A Fasive
PCKel= 433 abel7b lgivh, shAIt WA HuAf, w@7]gke] 4=

R A4R Fom aAle] PCKZ wAal dabo] et o

B
-
38 WEAA ARES WA MBH o 2 o gat=A WAl

o PCKE wA4stsith. A A= e F7h, Aok wasaidyg A8

PCK7]— o O = PN = —/—}:Oﬁj 7:]]@‘_!% E]_]_—
HE & Qe wgty AR Agel BaFe FxAgn

Davis & Krajcik(2005)+= wAle] =4 A2 =387 93
A AR Aty FaAs AAEAT W g A

st PCK, &5of 3 PCK 59 w344 AsES S}
(design heuristics)E B o2 WA Al AA|SFo ZH wALY] TGS

=
Fxsto] Ao A2 AMAE ¢ dvka Attt AU

Beyer et al(2009)+= S3A 52 AA7F wALY] £ AFE
=g 7 v T8 VIvd 7 Ava Hi 2w A wSahy
A5 8FS WAt L Ay, wAL A AAHE wsdA ARl =
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WAL 98w Ul AN el ealds 2e 4ol He PCK
= ANSRAY, Hetd gl Wd PCKAF HESNT. £E @A
2 of Y g

W5 AFmo] wel St S| St dEFS

TE XJFJ} o= # Aee FEsAT olE fdl m=ollA FEAH e
344 A8 E EAsAY. #34 F=x,

Az Ao Al 7 Ve A A
3 A3, zzhe] wgaA Are] FHe Ao
7 A mhet S AF Adtel= Aol7}F yrEbRkH
Roblin et al(2018) SHA3} wApe] AFH ol F3FS 71A+=

O

A TS = 73
A 2z EA thsf 5170 K-123hd #38F wsatA Asel 1o uw
2 uFA AdE AT Rs3H AmE WAl Al AlEstE A
o] Ao A ATt ARTE wALel Ao FH o o THAA FFS
FAch. FAR oz WAL Al Aol didt XA ¥ w kel g A
Aol gt WA 2AEE ATAS W A AHAI =A e
oh E=3 ]l B3 v1Eel diE AAlska wg-gey dES ATds
wf aALe] Fqie] A gato] eyt

Magnusson et al(1999)+= 38 w5 - g5 PCKY 547
o] ek AFE T WA HEAAES EoliA Atk ol 93
APAA Aol ik o] s oF 2 wd XA ofy] g} PCKoll gk wAF
So] o]Fojxof S et w3 Fond wetolA nAbe] sy
%! APZE ZpAlel ZhEE W& A=A g

RiA
8% A Wy g wAH J8E dow g%

of sl st = S}

o] ol g g v Aot mx o r PCK 8471 23 E
of = al-shsy ARy ZEOgo] WAL Al AlgE o oF d& AFxdt
it

_26_



Jol gAsh watel el Ao

Sk A
Sl

L47}

WAFE X T A9 PCK T4

T
T

0

e
el
™!

o
oy
&+

B!
o]
He
el

il
%]

X

+
o)

E

o

_27_



ol v

%

E

=

al

3

53

2.4.1 2015 A @S A9

2.4 2015 7§ o

2015 /A

of W Abel7t a7s

N
K

ol

—_—

0
I[N
—_

—_
1o

A

i

pu—

0
X

N

)

—_
file)

At

T
-

ol

)

A

—_—

0
N
o}

ﬂo

I AL, ol A}

2=
el

ar
<A
=)

B

3

el
Hr

oj

EEETE
hero = zhel elush

o]

bl o,

°©

=
RS

A} 2%
M-2> 2015 /WA w53 A A A|

SEEEEE

-
It

-2>¢} o] 2] A]

<

Aok 2015 WA S

Ny

{
o

o

—~
0

B = 2009 A

g flol AA7} o] Fo1A

SRS

==
3

’

=0

Ajm
o

_28_



. 3 87) %)

A}l

=i
A&

A 713 (Big idea) S

1)
SH

3]

ol

Tor

—_
fife)

7

7A

o
A

o

o

—

il
—~

ﬁo

=

3} o

Pg

2.4.2. 2015 /IR =g

2015 =%

o

™

—~
110

=
"o

B

Tor

DELEEIFE

=
-

3} Al L}

s}
of

Fstol

3}
=

oF o
Bl

o

!
NJnu
ol
G

Tor

=
fi%e)

X
alz)

N

Am
o

fuse)

2)

_29_



, 2015)

<E

TE
— Jlo
J x o
w o T B mo = -
s W T A e o TR R
o N on _mua _ S Wo 3 b o
ML M_M n T P o .w,oﬂ ,m% o m@ oo oTole W
KO mrL T o T ) T o o X wL 3 K- T o= B No mr
o | o & oMo T Jo ¥ T o B g B o o e =
K ., ™ 4 < - o X oo o " ot o N T -
o K ) oo ~ ™ o X N 7o L o A K
S ) T Ho® = b CLC ) W o
i TE w2 . T @OHN% G
= EoRE - < JJo = B W o mr rANCY = T = o o
x,ﬁjh ~ ﬂﬂ.ﬂﬁg}%ur«moy ,x%% WL
= g W % w ar mh = K N _ = TR Plo T 5 == T ol ToH
Toaeow I Ikl ) 5 Lo no kW w T
=~ ° EICY a3 ﬂ%%@r?ﬂ%é:@d%mzo o =
] . | - g@ﬁi%ﬂoﬂﬂm74 w b o %
> o =0 — = G i
T 0 = o = X " M W T b T il iy ® o T o
= . i O T <0 AN R o X =0
‘w_ ‘)IA_I :J.MU D.L i ,_rl m d_ﬂ Mﬂ ‘_Im_._ wﬁh m o UT_ 1210 1 nDO ﬂ'ﬂ EME o) EO o
7! Dol o o 20 dﬁﬂ%ﬁa i Mo e o T
5 5 T T o T ! ) -
7 o . - b o= 4 d B =
- 5 o 0 B < W = o _ X
y < mﬂuq/rUr oo du%%ﬂ;og = o
o No = B o ~ + ® = T o F ®
—_ o o ENY Ho eyl W_E s =
X0 HW 3 = WE JJo B o|) T = 5 =
L = W G o %O oF == 5 3 X
X - X I =y o o = o Jo
o Towo S o o S o o A S A
KB DA R J <N o )
BT ﬁi Po%;Ho mﬁHLc Wﬂxmo 4Ao_nw17r
"o aﬁ},%j@ = N B == o éﬂhmﬂur
ﬂAHOE_Lv T X cPEE N W7
o N 3 i 0 = = o
=y w No o P o= oo < T — P
Tor ar ™ - bi] o oo I WW - - T s m__.ﬂ
i < 2 Eapy PrTEE L T
T - EE aﬂloﬁ_]srﬂo l%d.@i
A N \I‘” X frvzo) vﬁ N yAU =
o ot 5o & X o T — ol
ﬂl " X ZI =y \_lryl W= T X
. 4 L LD
T o ~ ) L —
‘.:o ,_Wﬁ Mﬁ o M ho X
® " " wn Ao
B o W
= T
= <
HoOE R

- 30 -



0 A
=

Il
24

Fol

k)
o/

FhA 31, 7B

=

=

7

<

o

(2) #state) S8

B o
=
D.rn K ,Iyl
T R
P A ]
L) ﬂu'woﬂraumﬂﬂ
W ™ oy <H B 3 To 7r| T lr
wo o o ol 3 3o = o o%
=y w = I = o RO To ) Am L
- LT R © P o A
TS szz:  Io o Ptz
5 R = = X =
S wroacjuwﬁwﬂ Ko 1 <O A
A =z o 0 do L = & & N o = o N o
o N M %mmmﬂﬂjmoﬁ : K i ) i
AN B oWﬁLA 5 o T TR g
ol T o o AR ] ol il 2 i B :,,
™ Ko ms Wy 2 = o o 10 o Njo Ly
=& = ﬂ@_w.w o 4 B a T
T 'y = H = R of b.h _— 0 X
5 X W = Ol T Bs © op o = A E -
CRSI " = N o B 2 A Y = o
T EE ] %H%W@@R%% CE @ﬂ#%
_ N o~ N &3
)m: o of M w2 P o M NN O W = T T e
= ERS Hr 7o o X do 0| oy | B B W - i s oy q
%0 ~ ) X 5 <R E o Mo OR w5 B T o H W
:.L “vHA_H i _fow_ .m_x Or! ‘Ol ﬂ_w Z MWO —_ ﬂ o Nom ‘WH_
o o o N WIT@_% O
Sohe % BRI PSS 2k ¥ PO
S = 0 oW ooy T 2o L N _
o N wr Z = lo w0 N S B ho 1P =
o FE PG E G T N ﬂﬂqwmj
T o = %uﬂrﬁﬂ@ Mﬂﬂ ) %Agxxdr. |
mmMm_ﬂmu dﬂ%%ﬂﬂ@éﬂﬂl 7ﬁomMﬂ|H Hoﬂﬁﬂﬂ@
X 5 omx B o W o e DR o T E
- AT wn7nmam” mﬂE T _ B o w %drgg
T o W S 0 5 W oo =« o T 7 gy Pour
G T ®mEwE S g § 4 ER T S o
ST = w3 aﬁAT = #uqawﬂgedr N d
Tor - 8] @ O ~3 N )| HT, o MM o s s [ o %
(\ oo C Jo o Az ofr A | N %I oy © = "
& om B o &= (S @rﬁoﬂmgno
LE o H ﬂlﬂ},yi%uﬂm
T W —_ < El J_Uo = o — N wroEON
N R R . e
WO U m _mm T "
o] o% = AR
™ =
K



o w (A5, 2015), 2016

ﬁwﬂo

oy
+

=K

il
e
&

=
fiTe)

3)

o

7Pl

g

D

EE

i

Fheh EH L, wAE 7

A TH

)

3

oz

b

, 2016). ©

EE
SEEIR

g AN
Adat ARl

o)
P

=
T

714
1l 2018). 2015 A n8-3A o

7k A4

3

i

= 34

—
o

op

R

B!

Tor

37k S

gSi

SFX
ol

g

ggx

LT

ox

obu] e

& JuATH

44

SRES
QA H

-
-

zZ3atavk =3 2015 WA w53 ol A

Astol

7] Al

=)
)
ﬂl
P!

o}
Ajm
Tor

ﬂnﬂo

2015 7%

obu e

54 o]

Thspel wE

g

6 =
= %

o] 34

oy R
Bige

, 2021).

il
ol
E

oH(

Tor

2a)
Hr

oj

)

—_
file)

W
1

0%

¢
ol

gyl

_32_



~~

X
i

HI7F 7],

3

op

)
B

{
or

o

A A,

{
Tor

o

)
o

o

)

o<
—_
o

0

T

Bo

—

~H

—_
)A
)

Flvh 752 WANE A=

S

el A Al

il

4 2] AL A ol A Z ]

mtlo], X ska}, A

2]
=

A, ofo] 2

}

)AO

H]

)

Rev, dolo] MZ A-GE

B
Ny

0
Ho

At

Hx7]3h

_33_



=4
o,

2]

4 AT A

A8

PCK @xdz 243

M=

1

| =

£ X

]_
HLE O 2 oy

A

RTLAIA

aF
of

==
K3

2018)

=
=

So] 2015 /MA Fsra

o =

st

R

#

uze)

=y
of
=

Tor

T

ol
TH

<H
o

A A EA A A

G
X

X

Tor

X

+
g

.fOﬁ

7}

FSA T

S

ol A A <]

|y
T
i)

_‘l

ol F2 AA s

&

3

of o

&

jang
NR

B

fite)
(s
%

ekl

Ao

[l
of

ghstlom, 1 9|

Hjo

33

bl ek,

S

Fom T

el

[
w3

ol
~~

ol

Tor

ol

7

|

8-l

3}
of

7}

|

o

Mm-1>3 #Zo] PCK &4

<3t

bl o,

S

7}l

_34_



<% M-1> PCK 849} 39849 #45

PCK BN SO 9]
w348 hd SEdE #E@ B8t fdeld 9
W A
hd o . h= A
. HO‘]:; pag P ANR EA gt
ol b . A2 Fhol AT #H A5 5 nHAd e
F7HA R .
3l 2|2 A
Ag 9w g aAd AN gPug 2 aa
Eha FHET @A g7 gd F712 AAE grug 2 el
o AN Hd ol wee] A AN 83 ZE, AL AY
o g g 09 FHAA GRS deS dAd de chdel
et & T e 55 Bu
&7 of ol o g dolA 5RE sk Adeld B £ &
g A4 T HEH BE 4277 25 A% a9y Y 5
59 & AP 5 B mEkske]
A e T8 dHEeIt Shel 255 s bk 5
T AN 268 5 e
o 9] Wgol} stye] 2E #dste] wAP} S
=4 - oA 28 F gle R
B ws mey  Fe e R mAAL A 5 A AR 2E eAe
o e R R
% 2k
Al A9 WAL AAsor & okl FAol FolE A o
7 =) 2] A= Al A .
He A W AL
F W7 AL QAolEY G =4 B 5
gagn gu 7O A8 JolEy A4 A 5
of et Pr
29 B0 ol A48 & gle del 7 £Y mYY F&
g
I 7t A mQReN 248 5 e A4F a4
el e oo Ael, o2 B& A
23 A4 oA S g3 Bae gtgel old 2 94 99, ol
T g 9% A%
Bat g4 Bkl da 54 g alelA A
lﬁﬂ- A=RC = = =
o £% & e B9 9 H4
331 2ot 2 A sl Fe] B 5 54 ot DelelA
7)o B7F oy ek
e A 37} 271 B} S5 Bk 9% A VE
; YEZ W, EEY § A A5S Fre] 9
37} . _
AHgE 5 Qe 9k el 2%

_35_



= =
ﬂ%i
O
@unﬂmﬁ_zgge
_§ul.00€>A
I uoLl)‘*
unm%ﬁ = 7o
7]:_
ijlﬂo/%% Z.ZBﬁO
03 %aP o B )
@E ,1_.L 1ay_1/_mﬂ1__/lﬂﬂr.
%oﬂgomﬁa. omua H@Mﬂi
3 | ;T i <T Hé@r@mﬂﬂ
41@,;] <odl. Eodu].z ;o‘AAﬂvl
ﬂﬂmhq ng = 5 m,a
Eoﬁ_z__bpn Q%%?ﬂ%éﬂtmm«ﬁﬂ
Hl&ur:],_ ;eomw_aumﬂ@o;_caxé&utﬂomﬂﬂ
. m_xx ﬂ«.iA Bﬂﬁa M%% ﬂ%%,
ﬂmfzwrg Loguwr BE@HE io_ﬂagiz
17E,£1m 7EL_z_soM_. a.Aaﬂaoﬂ4LumE
,dﬁzooA J:moq@ufufm_.}m.. a«frﬂm A.éﬂAmj o
g1J; Mwa} ufqmmgﬂoaﬂ;inausﬂ
,7OH1KL u_muzu7ﬂ lammA1 qﬂlﬂ;emﬂﬁo
ﬂuﬁhmmﬁ %Lﬁomﬂ%o%ﬁ%%ﬂooowwo 1
]O ) 1l ! oJ._.L \; r
7Mm\lﬂoﬂ MmMﬂ;o.ﬂwd_ﬂo]oEPF ﬁﬁ‘&oafw,mhﬂhobﬂtm&na -..._l.._
JE_:_EJ%‘WUL. OXjMﬂl‘WOMZI ‘Nﬂ ]H;l ‘I_l_ﬁﬁl<o_v .|.
imuoé 89%?%% ﬂﬁgzﬁ_fo ar.wqw__@ = X
E _,on_AIEO M_.,Afjllmdo‘mﬂ ﬂuuﬁmM,ﬁLfﬂAX7 o e 5
Wmﬂ@ﬂz HT,*uUon AToﬁEE Aﬁﬂmu:pm:ﬂﬁmﬂﬁ\
MW%@@ ua miwﬂw}%wwomgﬁwww
\l;o_]r o @m Mﬂa ;N o = NI e
J._zio ﬁo Mﬂﬂuw.ﬂﬁ_,;e idul,mo‘lﬂﬁ@.uEML,:}anma
T .MﬂX #_J.ﬂoﬂl oTwEMﬂOLﬂIJEMh:i TAT_/;O
.%ﬂidrx..eﬂ.#g,.Cxeexxﬁl;exﬂﬂr@
HMHEHA.maszﬂ-#.z..aﬂ-KuumPW-LolPﬂﬁﬁ:eL.liz.
‘Ir_Jr‘JII ]__ ) 2]
ufwﬂ.ﬁx;f;im.véxﬂﬂlﬂ.}:mm
B HT ‘ml,._ %Wﬂ ﬂ_l 1__/| . = N _‘Mﬂ M ﬂEU - m % O#E .m OL |
Mﬂ Laoﬁwao%qwfh_oo%ﬂogli ©
oz,mﬁ%ﬁ ]xwmﬂ% imom%ﬂ |
HEPKGMWOE@,QWOLMQQZun
7C¢@wr§ﬂﬂ, Moagkéﬁr
D11.lﬂr LE.Em_._l J;OA..E_' T1X_._|
X ol % o il e L =
rﬂrﬁ.uwmﬂfﬁ,:emﬂ
(Lwrx@ﬂdﬁﬂe
LMMAW‘_]M.LE;U.__.MI
ﬂLyMzﬁmumﬂn‘lﬂ
ﬂﬂﬁ.mr
T <
i%
_ZTd



o

=]

H
L
o %

(o= ]
=

T o
HO
o nﬁoﬁe
_so}ﬂﬁ ER
UT_JWLIEE ;oaﬂ.ol
]ﬁo Wﬁﬁﬂlovﬁmﬂﬂ B 1
= 9 Eﬁooﬂﬂ Eb%egg
4@%&9%%% A@oio;ﬂgﬂ
ﬁﬁmmﬂﬂom? ﬁﬂﬁ%ooﬁ7ﬁ.
mﬂMﬂ;O ﬂLOLE‘.JI \H_I ‘Im‘lr H;n ﬂ
ﬂaﬂ%@}%um MbK_/LAO@L R o
ﬂﬁ ﬂE ,ml,._ =P El jund T._ file) ,IZ Ww Oﬁa ol &0 ,A.D :.L _.E _foT ‘Dr,._ ,ﬁ
1rMﬂL. M_lllﬂﬂ_; ‘MﬂOIro#oﬂlﬂ,umzo?L Oﬁ ﬂmLﬂAEoLMﬂdx_
%M@ﬂ%w%? ﬁﬂ@ﬁwﬂgiﬂ mm@%%K%lﬁa
mxz@ﬂ%ﬁw g4 R LT < o Mo
Jls,ﬂi Ka;o h Nx}&.‘ E G e
W%@E_%Cﬂw% mKMﬂiSﬂ: Egﬂ.9ﬂ_ﬂ4uhw| =
aoﬂ_éoﬁp o SHN; .y e ﬁﬁ}.]%%Mg ~
N e m M Nr ] so 2 RO i N o 0|
ovyﬂp , B %:}ﬂrcgﬂﬂuy @Elge7.y
ﬂlﬁoﬁoquxw ‘DFLEW»AH.*E‘HN_L/HOE z._o‘ﬂq‘_'ﬂWﬁ‘mﬂ]v_Alﬂ,ﬂl_Wu
ﬁoﬂﬁ‘tqji,ur;o,_ Urm.weiﬁ%ﬁn_ oh ﬂ.ﬂ_z.am lw_.fjlmmm
R .- —_ .Ji_l - H_ — )
1ﬂj7|mwr.m_u§mrmfiﬂﬂﬂ 1W§ _azrﬁn_%@%}
% w5 x;aa& vxiﬂ«ﬂJm_ & M P9 _x
XA g ] 3 < 7 <
gwymm%iq%;msﬂ4ﬂ@v Eﬁwﬁ%ql%%
ﬂﬁa@ﬂﬁﬁwfﬂ w.%ﬂﬂm aﬁuf_ﬁkégx
- Lo ﬂK}ﬂLﬂ'iﬂr??wﬂ oaﬂr.Ewroog&
E]F_o N 1r1r.§_ B H o= K !
o O R iy 5 ) .dx
i N fay 11A§1%1 Mﬁ?x T
Eﬁ%utormﬂzoPﬁ Eﬂxﬂ ° S T o ;ldlgmog 55
" v o W & i SCIRC| w T < o 1 dlo 5 R o @
@éﬂm?ﬁ%.,o? A = qam?& oo |
¢ = B mEEEﬂong@%mﬂ R é}ﬂﬂmﬂiﬁﬁﬁ
S WoE @14}__}%gﬂ B ® o .
@Ll,,iduxl :w_zojr7oqwuu] ojy 2@. N
7@“mdgowﬂ$ﬁ0ﬁ.ﬁ%ﬂ g ﬂ%@wﬁgwg
o &o H_Al o X HM RO ‘ﬁ Wﬂ U.__; o ﬂA_l z._o ,_Iryl _,/o 11M o0 m_ma
?]ma 8 BE ¥ < Y ) o 8 =
~ oF —— \_IWW._OL] l oy ,.:1.| ey ~
oT_ file) OT o N o) B T ‘LW ‘I_ﬂl T T _&o Jfl
‘uAi_lﬁO‘)AIK\IFﬂ_AI? EI#;OXH_T_)AL V‘._
ﬂcfaﬂour.mﬂlﬂ? @H_Zg
oW ,_@A@xm,maﬂ MR
TR o &oEAXL X K
T 7 o I
ﬂuobogmﬁhﬂ
~ o A?_
o
o



B

—_
fi%e)

TH
TH
el
HMO
&

0

o)
=Y

bof 24

&l

29

Foll ekt

)A
or

)

ﬁo

—_
10

o

ot 7} PCKell

of uhz}

1
=

o)
S

100% 2 T-4 = o]

A S

PCK 849

£ 7138 A PCK

sho] A

=3
=

of

_38_



=~
-
@)
>~
ko
P~
Me
X

2015 74 agAgel wE xedu H3tah A WAL A EA
A€ PCK o] ¥4 AFAE <G N-1>o] A HaA o=
et ol w3 Aol 395%%2 7Y w2 WeS Ao, il
2wt wa ek wek X 2(225%), ek Hrbel w2 24(20.8%),
et Il Wk A2(15.0%), Al e A (22%)e] o=

vebgtth 3shda) 48de] tidk PCK 849 B & Aol EF 1%p vl

o g mmelh 2009 K8 wsIAC] wE Fetu s wALE
AL E B4 A (o] AY 5, 2018)o = 8 g #3F x40
68.3% 5 ##|ste] PCK 8.4 % #38t & 3 Ao HFed 43¢
S Btk ey o] AFelA= #3F f&o ek A2 &S v
WG g def FGohel] #gk Ao v &L Emokth ofds] g}
W8l &g A2 e v&o] #7]= g PCK 84 1F HAZE A 2
B astdth wAbs 23] 9SSl wsAA, ug A, gAY,
B7F & BFE PCK 845 7% A& 5o oz 483 -
Aofok gtth(Park & Chen, 2012). 919 A3+ PCK 848 HU o9
FA BFeE BFor WALE A=AT FAHNTS YrdtER SA A
N Adtetx & vk dH APAF ()AL T, 2018)9F WA=
Aol gk 2| 2)e] 296 jele G HgE YEd AiE 5 WALES
A LA =20

S AR w Aol I A Al i3 aErE U=
o

_39_



IV-1> PCK

<3t

PCK £49] v]&(%)

6N
A
o MM N
RN
)
— <
2 K
53
B
)
b
Elalce
e L_.w_,ﬁ —~
;Oﬁ! JvAI.._ ;O\_
) o
T T
B % <
=
£} ol o
AW
— <
o 2K
g
= ﬂ_1m ;01_
)
)
Tor

2.5 21.1 100.0
100.0
100.0

19
2.2

15.0 22.3

39.1

20.6

22.6

15.0

39.8

20.8

22.5

15.0

39.5

b=

ﬁo

ah
5}
TH

7}

s

=
T

AAHA~F)
2

i

=
=

o) -4 9]

Eis

e G =83ALS A9

)

V-2>¢ A A|

(33.2~49.6%) <= AT &

o
=

H]

™

HAHA~F)

ol

7o

B

ARl A 5% wlwko = A AAE AT 5

7holl #

A 73 3

Eis

ics

A

s

s

7}l

3

D

2, ot

9]

=
=
il

oo
i

B
o
0

43.0% = 717

Zhell RE A4

3

3

Bk =3t

ol 2

3

g

& Aol 7}

il o] 2]

2] 3]

2=

A

2

H] & 9

_40_



)

Z3AE PCK 8429 H]&(%)

®oa | g | 8 | oo 2
Bl & — N ™ N
< 0 ) . S
S g <t — P o3
&N — — <
© ©Q ~ D~ ~
= oy o3 e} .L o0
<t — — —
— — > <t N
I <t o8 ~ <
~ — N —
oQ — >~ Q0 <«
Al « = < ~ =
™ — [N —
> = 0 N Q
O o <t 00 = N
™ — N aN
© (o)) ™ — —
an) o0 — o0 5 o}
<t — — —
< © — ™ o 0
o) <) oy} < —
o — [N —
= _ o o T
I I R R b 2 =
ﬁo —_ TO  — ﬂu ﬂu —
o] ~ K | N
= X%l X < < T X
T ] Y D vl B v - e
ML W | o R K| 2 x| o %
@) ol ﬂﬂ_ ﬂﬂ_ _ﬂyl mr ~ ol” ﬂﬂ_
Ny A " E)

100.0  100.0 100.0 100.0 100.0 100.0  100.0
_ 41 _

100.0

Al




u], =}o)

[e)

W =

3l
X

42 PCK 8449 398

&
oK "B
~ X _K U2 BN
7_l .wE ‘I.V| H ~ ;OU ‘_IJV| ﬂ Te) .
ST oo B eI Sy F NN OR T
< paul oo —_— AN U
4 cziEL R FLE R
. N = B o iy = I =2 X o =
o 7 W o o 2 K N oo S sl
T o o g Tt PE S e o A S
. BR O#E - ﬂ_/_” » o Of Mﬂ N X NE % O#E O..#O ﬂWL < e
o a Owd X o ° ™ - n ~ — ‘I.W OE EE -
< - 3 0 oy to = o op X & Ak =
W X atmwﬂmofog Wﬁéﬂiﬂ T O
q4 T g TS I T S A N
of T Nlo ,DF e Nmor M o o H " =y X ) N ‘AIF . X
M . o1 ! ) o X < oK M
T 1AmMo&lm_waO(%auﬂlLﬂ ) )
Sz Mmoﬂ%molmﬁmnﬂﬂumﬂ%,@ﬂMC
o g%.ﬂﬂzm_xw?gﬂﬂr%ﬂﬁmeﬁa7B,
—_— ‘\I_Il - \._Jv)A . N~—
o o F = R ook Moo mm o wm LT L mu T = W wm ~
° TR @ o T N B
gl =T %.wﬂmﬁﬂaﬂo@gﬂ i ©
®ox X R IO %ﬂ%%mﬂi%ﬁm;oDﬂ _
T N o —_ st
i P 37_f%ﬂﬁwg%%uﬂmaﬂ%%@aﬂw <
oF . o ﬂﬂ;?%%ﬂﬂﬁ?%%% Jal ﬂob} |
T o ﬂS%iﬂ 5 aﬁﬂma%x.& o X
_ — Auu&ﬂgl]oa;l#nn] S W B
W ° D= H 0 o EOSEC S - v W ol
- ao o~ R = o= X o e X B 5
T = ol S B 0 ol N X - - )
o = = == oot 3 N M = l T T W W T 0% < oK%
=T RV TS T o Mo = W ow
2 o o = 9P T o o P oo T < H ooy o G+ FOH
X NS N T ol = = X T ° s
— ‘_lv.” &o T X | | o — ). oo T = D OE OE
03 = r o S — 7' T W RO do L T )
o — SIS s S S - A
g oS P - o — o o M in o — ~ o = W m - O 0
T < ﬂuwh%ﬁofrﬁﬂ?% ﬁ_/ﬂo_%ﬂ]ﬂ]]ﬂra%
ECE wm% ?@%MWJ@%@QEWM%EG
omﬂ%ﬂom_xﬂoVHEu%ﬂi%qmei
FR © % X o S
iy B e



U] o]iiu} /\154 U’l ]:/]-:FLE Tﬂ m_ol q—r.l_
Mdolyt 748 7F 2HA 8k H] g0

ol Y W o go] A%

BAr N = BE-4 5
Apell wlal oA 0w
g mad g
s Abol A
ol

e

|
}

—l

o
T

=
=
D 84

Absh 2]

rlo

S~
o
e
>
gl

o
[_ﬂ
12
2
)

o &3}
A% ug

Addo=z v Hl&
A= AR [RRR=RS Y

e = 49

AN

o}

o Z3ALe] g PCK 849 Hir v&0h)
T od9ex
a2 A B C D E F G #H
HE sk 118 58 34 78 49 93 28 66
: M (373)  (11L0) (G0) (108 88 (173 (17.3) (153)
7
ERE 44 56 35 58 89 9.2 45 6.0
W EAada (65 03 B0 (1200 (193) (163) (63 (138
°l szge 12 45 42 85 38 26 38 49
= TR 130 83) 65 0 (1568 (83) (B8 (125 (10.0)
27 234 159 112 21 177 212 111 175
" L 7pA 108 313 183 124 216 262 163 196
’j g (730 (83 (78 (75 83 (83 (75 (18
9 = 13 14 37 42 18 2.2 20 24
o TEET O3y 4’ 63 B3 B8 B’ 45 (34
+ 27 122 37 20 167 234 284 182 219
A 36 486 332 388 4Ll 496 294 395
Md H oolgs e E AAEd, HE-As ME(6.6%), udt
A EAHAD6.0%), FIEAEA.9%)e] o2 UYElY, A 9 eaE o

_43_

.-':rxﬂ-! -I'\'::I- ]_-]i '_-"_I.!- T_Ill
] — -



A A B ERANG B o] FH Aol AAE Eu
Sol BEH3 A &
stol A E@AE Wt 313 A WA 1 AN Al
g AolE nah o|AY »

y

b~
i
L
(o
i,
fru
o,
4
p—
(@
o
=
Y
>
ol
ol
rlr
po
X
=

L
filo
o
I
&l
X
N
>

ol
ol
rlr
)
rlo
P

ol ob
o
A O
(o,
Aus
i
N
i)
re
Y
ol
ol
s
o,

=
=2
s
rlr
“ff‘oza
(0]
w
Ol
LU
.
_}1_{01
Co
B
\l_,
N
Tox
i
Yoo
o 1
—
X
S S8
@@
L2
(0e]
éo{
—  of\
\'m_lo(t
oy B
>k
BUR)
o P
ER U

BN
of
m
El
=1
>~
>
ofo
D)
kT
i
2
X
_1
N
)
X
b
o
=)
X
E
&
)
2
>,

N
-

al

S7b wol 7t Amel vgo] Ax koW AF zﬂ*]%—% I+ 4 9
& A=A A Ady FARRE @

AL Sl A AR Ue AAe) WeE

o agg 25eu w4 wAg A mAle

y

 AE S $3105(202008] ATl = o= A

K
b
r =l
b
ol
)
El
E
>

>
i
ofo
o
Lo
Y
l
_>|i
i
fr

ot

o

P‘L

rlr

=

2

191‘1

o

Z

b
K
)
bl
¥ o
oft
o
e
>

A gl At ARE AT . =
of AhAow A8a] olele ¥ ol wAdA ERe fud &
Qomm, WA AEA AW A 2EHAY AA FEL wHste] W
F 48 Adelu FAxme AN Bai fEo BEs SRS o
Zlo] o 2.3

_44_



=
=

==

T
T

-

]_

S

bR A
HAH31.3%)9F F

=
T

i n
B &

=

s
bk ek,

N o o T
—_ .SLJI
~X — X B
A,%wgauﬂweoogeoii
= N %]Laﬂwo
Z.E‘m s 7XH.EE‘I‘W‘_I!‘_|/|\LI
G — o A o o < o < AR
ﬁi“ﬂ%ﬁo,%ﬂﬂ OB T < —
m.o_wﬂ&&%ﬂ&ww?é%gwm - T
: B ﬁoqu r o = = T . o W
qﬂlmmmﬂ xﬁAEUﬁm#mOe#eoﬁaVoUerﬁﬂ% BM‘WTEQE i
) ay < or o mu,_ T o 50 = T B um T B =o noo) B =
L oF o < = J_m Uy Mookl O oL & w oA E do N ™
o ny woR X R LU =5 z,rvdr = o 0 T
Eog ﬂ_w 1_10I fll ~3 1:1_ .WE # 0
W = o i o oW & RC oo % <
- 7 0 ey 7 X = 7 oar AF ol e o K o 2o G
ogooa}Bﬂ.ﬂﬂﬂn_Aln_rmvyL}meiﬂlmmﬁ ﬁJ_/uﬂ_,_Audu
mtuoEdﬁﬂzgﬂﬂqmiﬂo_ﬁaaﬂpEﬂJ o=
e , T T R o = T = K — W T o)
s Tc=Dx TE e L 2 e
@%ﬁﬂ_? W K ATwmﬂmﬂMo gn o ) S 4% I o
AOMJ%M Fﬁ%ﬂ?%wﬁ%%ﬁ%%?aﬁ ﬂ%ﬂ%mo
~ ol 7 ) —
wmgﬁA%%@%% %%ﬂﬂg%a 5 otw T
5 " 2= T = 2 In ~ T 3 ig.]@%#
%M%@EMWME&%%%%MW%W% %wﬁ%momu |
w~ g ! s Lo
W%ﬂﬂ%7mﬂ%§Jmﬂwkaﬂﬂ%ﬂeﬁaﬁ %ﬂ%éi N
— . .ot
ﬂDM%@nﬂ urﬂrzﬂ@AmrH%%ﬂ B%Mw_z |
7Hu.§oﬂr1_l auiﬂnﬁﬂﬁ]ﬂuP lmmoz,_m,Aﬂl
iy ) Evﬁ;ﬂﬂ;g - TP 2 aw
))mﬂ%lma}_aLl o %?ﬂ.ﬂ oo oA
/O,OJI oR ,AH_T;o‘_7 ] iy i < o~
S o %%qﬂaarﬂﬂABau@}ﬂ.Aﬂw:ﬂx
%Oau,ATH?%%%drﬂrq}wdlﬂ;ukﬂr%ca%zﬂ.
S % = oo N ol P ! _— N X o NI o % N = =
T T3 O%AJmnzﬁﬂaMﬂ g OB SR
%&jgfgﬁ o T lezﬂﬂﬂml Lo
O e T 17FA.61AJ| R —_ 1011__/|1|]4 A
};ﬂnjgsvngqwiof;nxx;rf
s@?%%mmu%ﬁgg U#Wwﬁoﬂq_d@ﬁ
ARSI A A v & R
= T T 5 T =
fils) ]yA .
< T fol”
let,_lryl



O
p—
2

>
o
i
[ <
i
o

N
)
o
—
1o
2
>
rlr
=
S
>
Yo
1o
ox
1o
o
4
(s
Xl
SE,
_l}, 0.|.u
o2
or
L)
o
o
0%
ol
rlr
=

Se wggel we AN Lhsh 9l ade] BE MEs FuA
HE2 BAg A= < V-4>9 2o dA 15.0% 5 Hd4 oz 4%
AAE 67%, 4 BEE 80%2 U} Het mgnAel wa A4
gREe ARG, or nE ZwAdA fAsd 48 A
03%2 79 A ggrom, A% FRAHA, C, DelA F2 i

<HE N-4> 33t WA A3k x2 940 SHAPE H) &
PCK &9 A4 v &UI5)
A B C D E F G ot

< ol 2.3 7.3 6.8 71 7.0 4.0 6.
@0 GO @28 @0 63 B0 @3 G

0

2

1
6
6
4

ax  dA98s

)

44
w1105 04 13 05 03 03

ax T EA 99 (0% 15 63 (48 (15 (13 (24
27 62 58 78 81 76 74 44 67
J— 116 61 64 87 65 65 104 80

THEE 73 343 (78 @Y 45 B8 (58 (Gl
PR 13 00 02 02 00 00 00 03

T @5 00 (13 @3 03 03 00 (09

A 191 119 144 17.1 14.1 138 148 15.0

)
X
@

)
rlr
EL
4

X
o

A 2 2] EF7F 6.1%, std ©917F 06% = LHEL
U ZA] F9 AA vl Ee] © =Tk sHAIRE A AATE AAE

_46_

;ﬁ'! _u::l_ 1_]| '_.:J"!_ T
I = =



G a9 24702 AAE W

1
o

FAl =9 3.671,

g 5ol

&% ouah

o
MMHE =2

3 heby

o A

=
=

REEOERCE

X

BEgE!

A7 9

A B
g

jan
NR

)

B
Hr

A|m
Tor

il

ojn

olo

A
6-@]—

%

A4

o]

Fol Bl&o] ot

| 7l1&3s

S

o Fej= A

7 3E

=)
[$)

7N

3 Al
= T

A

Tor

oy

e
Hr

A
Tor

o

Y

R
A

Foh (Al

I
pul

WAFE A=A T ZFA

=
v]—UL

ol A

Eis

2018). ©] ¢

==
[S)¥)

D, 2004; o5 H]

[mt
2

SAbe] Abe ot

=
=

Aksh D

o 7+ Aol el NE A%

A =

ki3

A

g A%

S

ol
oR

7 A EF(1.8%), A 71+(1.6%),

(09%) &9 Fdo=2 e

B

ﬁo

A
ar

)=

g

I

M (1.0%),
+ 51402 A=

)4

71 A A]

k2

]

N & FRAL 7

9l

B

=
ﬁJ
Ny
o)/
<

=]
Hr

A|m
Tor
H
=)

N

°l
btk D

o
=l

7} 7]

8

3

ofue} wl AA =3

=

HH
RN

37}

A

=3
=

AL

=
=

A A A

=
=

22!

L=
==

PN
T4

9

Hjo

A7)

_47_



A of] Al

!

Aol

o

(Krathwohl, 2002), T

FAHA, C,

o 097 AAHAL F2 3T F

3

ElE

&

o

)

B/

fane)

2}

&+

Tor
=y
el
o
T

=
)

o
ﬁo
o)

—_
7A
B

WA o] e sy

T
T

AE Sol A FHA

bt

5]

ol A

13he] o}

3]

22 ) A

E!

o

g4l o]

, 2022),

&4

]

oz

0%

A

0

W

—_
o

3

ojn

=
=

s}ape] Fvlsh 5]

ol

(2015)

iy
of
E!
o

|

R

o
)

sarel Apelsh 2

= A=

7] 5 et

ojn
1H

)

.
fite)

s

ofn
R

¢+
i

_48_



b A4

3
«

4.2.3 38t wg A #

o
N

ofn

o

=y

Nfo

—

<

!

g

e
nd

X

+
g

~

= 20.2%7F AA o] 3}

A e

o|
X

I

el

e}

a

e
nd

X

A=

AL

b Y

I
pul

Aol 74A = ofg

Eo)

EEEE
SEREED

e 2009 AR 1L

L=
=

~a
o
N
p)J

ol
TH

)
B

—~
o

ol

A Bolx

=
T

o)tk el

Aol A tha Aol 7}

=
=

Hdefo] 26.0% %

2 W C &R G

B

I v

A

Al Eol A

v =
- T

CAE A FR, FaAn gt

= AAE7] Wil G

12

faxe}

2}

A= 11.0% =

=
=

_49_



—_
)A
B

<3t

ol
Iz

ﬁo

or |

d
o

o

o

e

9 m

=
B
A
N

!
o
T

—~
file)

o 4

b=

ﬁo

6.9
(56.8)

3.7
(53.8)

(7h=)

G
6.0 6.5 83 9.0 6.9
(433) (415) (97.0) (655)

(46.0)

17
(50.8)

X7

X
W

5.5
(20.2)

3.8

(21.5)

41
(20.3)

6.6 8.8 7.8 6.1
(168) (188) (325

(20.0)

15
(11.5)

3.0

1.7
(5.8)

1.2
(6.5)

2.6 0.7 1.6
(7.8)

(5.5)

1.6
(5.8)

114

T
e
o
gl

NE o=

(6.9)
2.9

3.0 2.8 1.5
(258) (168) (23.1)

(37.5)

(35)
34
(18.0)

31 5.2
(285)

(185)

(13.8)

19
(21.1)

0.3
(35)

11
(4.8)

3.6

(24.5)

3.5
(43.5)

05 2.9
(29.3)

(3.3)

1.1

%
X
B
o

T R

20.2
22.5

260 237 234 161 11.0
183 285 247 282 164 119

179

(39.3)
23.3
29.2

Al

it
L

—~
10

H] &

IS

A= A A

6.9%, 55% = =& H| &

t2}

Z}

|

o

o

0|/

o]l &7] 4

=

=

al

<

o

Jo] F7)<t

Sk A
sl

_50_

of A w=Q) el A

fEA

A

e

e 3}

}b]'



ol

54y o]

ki3

W)
T

=

ef 7}

“ nhl
=

o
Nfo

o
it
L

)
—_

o= e A AA

e %

oF
=)

w2 X

o

HFA <, 2016). ARE A ImAf o A T

3}
=

43

ol

o t}.

3

©]%1(2.9%) 9

o
IT

W21(3.0%) 3 A= A

l
=~

A

o
)\

ARZF 11.4% = o&

jﬂ,

N
zher

| AAG e} Zgats)

S

el

)

SAALEY =A YEsd 9AE 55

]_

7h= AA

Tor
Lo

1:
_

2007; A7 ¥kl 2016; van Driel et al, 1998). A& A

L=
o,

o}

W

Aol A A]

Fubol k(o] Alell, 9 3l<E, 2016). A=

)

T
T

@Abe] Al

A=

@_

w4 sk,

ooz Hf
T 19%= e o

g

I

EERE

#2012 JE} AEE A%

g

3L

H
=

2]

L

KR

il

o
{5
W

O

&
)

o
=

2 Asst= 7s

& #7

+ AthBeyer et al, 2009). Lz}

ol
=

_51_



3

Sk A
sl

2019; 7)ol =217 2003),

o

o i,

St 2 (0]

S

i oF

o

g2 BB Ax

TETEH 2 THERTBEEET LGB LTI irj
— \\|/ v _ﬂH o K o ~ jm} ~
WMo _z,_ U MR H T g S ° ~ L R A )
s M r g ZeETomT ey oy T x
= DRNE o o D = o B S o= 2o &
~ % N i H oo = 4o o ,_/AL ojp o 5 W R [N 1oﬂ o F
W = — H T " X T
o - A T T R A N
px PR Tz a®®E L RO, =y T B
= H T R T T TR . = Moo %2Ry
5 o I oy Ty N VE S ="73
ced BRXEDT I BE S TR o7 od
L T TS K S e
NI w il o e MW W R '~ M A M N Em WW : ﬂw m N = ‘M_AI n
Mﬂ ~ ‘Droomﬂﬂ ol ﬁ ‘m _‘O#
% 5 B @&_H BT W 1oVr T cﬂ,_ o ,HL iy N off T I M/ﬁ b M) T
s e o —_ =
wra%ar * B g ® b Rﬂ%ﬂ&g w3 ET g |
N Tor MH;] ,.iﬂrtﬂ EOE HA_IAT,WL o~
o T g B Moo O A A S X e T aw B xx T X Yo
Xomo S _ > S S w ) ) < — B o _ N |
o ,Ao o T N Y = w O — A S T o R | o o =
- BN ] o B o F S
PN H R e 7 X . T IR~
g A N v ST G I Bl SR -
—egd Eizzi®o yfesca X mg5°wEK
M%%u N A TR O - IR 7T oo 0P ow
AU ol ) —_ 0
Hr W o0 qmn = %O ﬁ m P T W o ﬁ% Z oF - 2 G W w T FE
) WAI Ny ToR maﬁm __ ﬂﬂuﬂ_lLﬂMo —
wﬂw?nﬁwwﬂ%w%%;ﬁowmi_ﬁw 2 @%ﬁwoaﬁww
R S = SR < I T T o o= B o o
7ﬂﬂ1ﬂ\% < = __ "X - ol =0 I
T M I L A B B R
Cegame P P S 20D dahk S wgtgf e
T AR OFTRT omT RPN K E R B M T RN



Ko}

o

Ao F71<)

1

<
o/

U

)

o

09
(29)
2.2

0.5
(1.8)

09

1.7

11
(4.0)

(1.8)
24

0.3

2.0

(5.5)
2.8

(1.5
1.2

0.3

2.1

0.3
(1.3)

16
(4.3)
43

FAl SR e

Joll &

[e) A]—B
Sk A
=L

i

o]
QN

[e)

=
vV-6>

A

)
It

<

;
s

23to] 314

@0 e

A Al

—_
)A
B

Dol

S

A Al

o
=

|

o
v

!

JH

ol
il

puzel

)

i
fi%e)

o
o
o
ol
il

uze]

N
o

K

A}

B
|

S

o 74

]_

p s

2

-7

°©

A Al

FH(o] A

]9l o
o]
i

I
RS

]

o

o
I

T

ﬂ/\g

K

ke

7Hd
% tH(Bennett, 2003; Smith &

HA

sAbg AEAe o el
s,
_ 53 _

°©

org we

o)
AR

= T
2009 74

Abell, 2008).

S
=



st 2y 57

=<

o)

Aol 7h YERGA

s, 2018)¢F W]l

q
o

~N

b=
ag

q
o

b=
)

L=
o,

2]

st

EEEETOE

Joll &3k A

SFA
S}

B

o

7 A A]

S
=

2018)¢F €2, o] Aol
AE A

A 2

A

b

)
pul

of o

o

e
oy

2717 4

-
i

K

J|
~io

stk mu ohve 7]

S

A Al

it
L

pu—

4
o

—_
o

o

—_—

<

ol

Y
W

3

X

A
E

Tor

)

o

3 oazRE ged F

g ol

S A
s}

o

&

o) MFol A LAk WA I

Aol &

1

<
°

L X

Al
al

spao]

=99

o
=

ke AA

14

8

o

w
W

g

X

A
E

Tor

_54_

Joll thgh o

S A
s}

o a7

1

°
.

A Al



14

A

W Km0 _
o W
" —_—
;OL jang
o GG mo | B8 o ab 8| * ~ 3% oo T W
oM X R = ~ T TE| S| S < o R T
3o o= o) O i o ~ & 9 S )
oo B Low T & - ezl _a|-a S B
‘HAr _ ﬂ.ﬂ ;OO \ OE “—U/” <L A\ 4R ODB e X ‘_L.O ow ,
5 RE - - = e T o B o= P
B ooy = o= o oy e o~ oH
I 3 e 2 o T oo N %
o~ N W | | 28| 2B | 2R | =3 -~ ET
5N o <t | R |~ | X ~ I o =
ol o o OB R S| S| FE |2 B = T T <
o B T 12 o T2 = T ®F oo o
oy — T ﬂr = ol | N oo " N
—_ I- ol ‘m_wl e ) — . 0 0 ﬂ_Al . —_
5z 7O < o 2| 3% ol o2 am| I WY By X
T o~ 5 B ° & V= NN |loco | I —_— = N
m%%.d%fr}ﬂ = |19 e T 4 F o
N R = K & || ~ T P BN 4
— o T w3 il Al N2 =R | o o < TH s &
= o 7 m B N o ol o | «© ~ or °
< il N o O ST e | —=| = B Om S - AR
o AR . <] A ) nh i _
= D Mﬂ of of B oS D < = . 0w E wﬂA oW 19
o) ﬂﬂ_ % . 4 n:'p ~5 —_ o E% S wl MOO Q ot ,.# ﬂ@v 1__/l =R &o
T R S [ g|°<| 8 o w o |
Trwmas 4L o - WOE o oo T
o ~ . R . -
) o LY AN o J|m W% SRR mJo of 3 F H <
= o= . ,Ur =T Be ﬂu ~X = S| WO~ B3 o3 = o %o AT A
S <0 < R ~ = ® S oy = <
l%&ﬂixi T | a ﬁ__b%ﬂ7@
Mﬁ%m%@% Llol=<|85|28|38 22 2 aovﬂﬂﬁ%
N - B e 7P g|°= 157392 = )
B T me S L T A oy o %o - o
B BT Lo b~ I I - o o ooy N 3 W op
. N o —_ o0 ! .fOO
RS T | A || -
T ool T - o~ = TR TR~
3 N '
CHECIC Z/w o B awu o | a_u/,hv A Ho s N
= RO N ay E7 o




3

D

S
=

<

-2 o] A]

T
T

7FE A

PR A E A

[}

3

Dz

3}
=

o

3

38

gloll A 4

I
-

FA v

R

o

2 200702 e o

s

3
r
o
il

WAk Abdsh o] v

F =

s

o7 AA

=1
[}

s
=3

A

1

)

e

A

ol

)

K

fei3
of

wAbel 3

8

3

= T
=5

am.,o

o
0

}

)
pul

7F7F AR

J

8

o
= 9

1, 2020) ] A]

LIS

=~

701— S

7 AEs 2AREE Aol E

Tor
Hjo
Y|

LOLaN
—_
10

N

Zo| .

KeR
=

o)
PIS

&+ 9]
b AEA A EeE F F

=]

)
JO

Rp7E 59} 2ol A

o2 Abe]

2}

=
o=

o] 35.0
ERe fEdw

e}
=

TR

B

gl
—_
)A

B

N

3

8

At

G =

e
N

)

]_

Fol Al A]

AT

0

TR

54y o]

&7

—

o

[e)

_
~

H
N
|
—

)A
or

It G =

o

= H

=
O

%

0

o

B
I

)

—_
fite)

ﬂw_wo

—_
fife)

el
;OO
il

jfiate]

Ao

)

~
o

0

o

—_
fi%e)

64072 AA ZTAL9

g

I

ﬂw_wo

<
T

oA G ZdALe] Aol e

3|
=

= AAl

e

_56_



=

T RO
R
EehAq,__H,o;oooE ]
A < <U Kk oy e T T H
Qﬁduﬂﬂfrﬁ ﬂ}%ﬁn%%}
g T da%%ﬂ.aumﬂ%ﬂ%iﬂn
IS G+ K le@}ﬂ_HaﬁoﬂJ
ﬂVlPoLL Wﬁolﬂﬂ7 5 J.;ozEA
- " G ol e . o w T _JXI gesel h._._lw_ r X Nfo = SR oﬂ B T T
0 . Iy
@ﬂrﬂﬂ%wﬂKmﬂoZmLmﬂolerE%mﬂrémuuo&ﬁE}d
ﬂoﬂ%ﬂ%m@@ﬂz4oﬂ&ﬂ%h@1x%17rma
;o%%;aﬁy T m,,@iﬁg,v%;wgﬁ,A%
o AR s N T Y TR W w7 M ToEAr
& LI = H@M,% O ,1”5@:
E@Ew?_ﬂ o o gno%ﬂﬂ#ﬂm%%v hoE R
= o Ol ﬂ1ﬂﬂﬁ%% o me %1; ,q_ﬂﬂow
o= U xalgg}wm i I =
= 7w TR 7ﬂ0aoaﬁ§g% quiﬁqd
T % %11}1% S C:) ~ R B U
T 3 T < T W o R N B Al el Lm._
_oﬂoﬂoﬂﬁwl@%ﬂﬁqcoﬁ&kﬁ%a7ﬂi5;1orbﬂo
wr%%mm T o= I ,1_§Aﬂfg yoH B W
N T o A Nomoo 3 R 5 B % o T o > <
ol ~ " ol X ﬂAVI W o % Xt n = pI K = Ny il ﬂmo o T ﬁrﬁ o 1A
w B . T - % N o W o ;
Lpquwiw4%W§wwmﬁDwEig%@@%
DR AT %xqugéﬂﬁa
o NIl T D BV ol = ) { i oF MK %o o
70 o T R AF ﬂo}LuT i M=o
X .8 Nbo BN i 0 o © X T o= 3
s rd 2l of P H T LT s T % og
T~ = o - TR ) ° o, PP " N2 =y 0 ol
X oy ¢ = o T B ﬂw T o ﬁw T wm o T 9 B = o = W) =
% o 9 oo i PNy W 5 NS ) i MOM (I o e
~ Pﬂoﬁgﬁ_f} N ) I v L
w oo M a X E1_|711,.|]mﬁﬂoL|th1r]ol,,o_ﬂ|
il %%)7@1% _5741_aﬂa . ol
. O‘leL B ox EAJ|¢I __/ﬂmv ) T
éﬂr%% ?Pﬂr. o%H} ﬂ%}@ =
= w oz 9 N LE N~ o = =
W o %@ﬁ7gzﬂﬂ,ﬂw%ﬂ%qwm%7ﬂ
o o W%ﬂﬂ%%@ﬁo@%mﬂ@mﬁ%%
o o ook e N
N A,oT 3147r N W ) Mﬁ g U_M " aﬁO a
E:Tqﬂx,, oﬁaaﬁé
3 " o 1 s 0
_xmﬂﬁo%ﬁe Mﬁ.c<
7ma;‘_ﬂr
o & & &

- 57 -

sHA =
2 2% © AA

S

75

[e)

=

L)

A=



7}

T 4570, 8271 A=A A A€

=]

2

Hl &2 e

o

3

Hw 7tz ¥

Rl

A
7K

ol
KH

N

T
JJo

—~

Nd

IoH
<MW

i

_ZU

o0
-

)

wokrh. ol 9]

o]

7]

T
T

7F o s

‘.__WO

o<
oR

T

—

0

H
B
Zﬂ

‘.__WO

7, EuRs), BaA

B
,5_!

am.,o

of
ﬁo

—_
)A
B

= E° F =

FA T

A A AE

S

)

ok

|
-

oj

nh QAH o A

=

=

7}

o =

=]

)
JO

A7}

o
T

Al

37} =

3

Aolt}, eyt

ol

s

704

S
=

7hel 4

3

3

=

J

S
a

o] i

=
3

A

T

T

2

°©

o & 24w 2A

Al
al

7 AEA ol
F arh

, 2021)

o}, weA

ol #@ A

3

8

3

7h @k el
AL At

0

A

B

—_
fi%e)

N

=]
-

B} A

w7d 0]

%
T

7}

Aro] o

7y 7%

3

D

B2 A7

A 3
3 7}ol)

ol
S2
|

A A 7}

Sof

|

3} )3t

=

X_—]lo
abe] Abgle zol
o &
Al

A]

=
=

Aol

-

T

-

e G

°©

_58_

=

T

0]
8

o] &%
o Al

=]

)
JO

s} <A77} o) Fol Mtk

T

132 wsh ol

E

7}l

=]

)
JO

=
Ak
=

T

0]
8

Al A}
w}5}

-

1

2 gz ANgend 3

ki3

o

=
H
=

1

7} = A A

4
==
LY



2015 74

ol21gt AA =

=1 A57F A

S
=

3

A

24 Apole] <17

o

&

S

A4, 4

ki3

7hell &

g

3L

o
2o e

7}

Lo

Pk 1

&l

ato] Al A]

o

o
wr

e

X

¢+

o

BAA Y 23}

=
=

1} C

7]

g

TFHFIA R 7

=

S X
Sl

ATt A7

[e]

}oh(Falk, 2012). tF

5]

(@]
a1

n|

—_
fi%e)

i
IH

R

¢+

o
~

.fOO

el
N

g8

7F Aol M e PCK

3

DA

Ashe Ao

°
He

ZO
o

Ag o A5

_59_



o
= %_/1\:]1 .
o=
5
7HZ3 =
7t
Xé] Oﬂ

o]

oJ
)

]

&

=

Sl

1

s
wgé]
11%@}
Q]Qﬁooﬂ
ﬁﬁﬂn‘qoﬂ_LHiE ,NU
ﬂAH_)AL.]ﬂm_vHMﬂ
AT&ﬁMm%gﬂ%aﬁuaWJr
il m.zf,:]_oie
ﬂé, T N E#_%EA
Lﬂﬂmﬂ%_/g ﬁTE
,Q.L.OJIIUﬂﬂm._ﬂ:,_HEEoL
= " i 5 ro o N N s
19%9@ HT @_zimowgo
A]_l d,l17oﬂmoﬂfl¢ﬂax_.boﬂ
xﬂueu_x @_.,%Jl% ilé_a ~
XoR s V4@mgww§% ~ e
Eﬂri]auﬂu?]d]ﬂexlﬁgo Al goi
Aﬁ <M X a Urx H T
:oqma kﬂﬂvﬁﬂ%XA@ 1&3%1
= ﬁar%y}x pﬂo_naog ) ﬂoox
‘Nvlﬂ VA_#O_I;O O#g;o‘._ ‘I_ﬁl\lr :il. C,._
ﬁ OLHL ‘IIrE‘LI,W J._..roo &0 Zuﬂ_.uﬂ\'
umﬁKo;ﬂMmEﬂQTé oz <
Lﬂrmm,%aexlﬁﬂwm _ﬁ,_eﬂl ﬂE‘Wo#aoﬁo
Mﬁqi%@wﬁsw@qog ﬁoa;owm& oh
HW. ﬂHWEfO ﬁﬁﬂjvﬁ,,.wrox#‘l,lyl‘.rohjl ﬁu&o%uﬁ:ﬂ ~T
mﬁywoéﬁéakgo%@ww R X
.%mu.r;%ﬁ.x%.Ew_.eﬁéwrmﬂpli%
ﬁL: _ ﬂﬁfafﬂr. ﬁ.ldﬂrﬁﬂg%i
HTmQAEWTtiLy%%%Emxmwtzo& 4 o
Epﬂfmuvo,a1 bogg;o;ﬂgﬁa
g P lqoﬂmooaﬁo%La ﬂ o
,ﬁﬂh%ifomﬂov ﬂuidud ,g.mﬂtﬂKml
ﬁjLonﬂ o) aﬁﬂxzﬂ?#moo 5
ﬁa,%_l_y aAﬁnE c&r}ﬁoﬂfﬁ s
K ﬂ”AT]@IS_v\lr‘tL,w%ﬁ ,I..#lr_/nﬂﬁa L
WMMﬂﬂl] %cﬂ&o?oﬁﬂu7ﬂwczo_ﬂ
xﬁdwﬂ%LEé:ﬂur@mooz_*x? |
X B 20 o N W = e ok = - - o
ﬁL‘I.VI‘_IryI O#E ‘_Ir‘_yl XO‘UI‘,HJI..__/OFJlﬁ A B
E aﬂoiﬂmﬂLL 55@3%.%
OruLU 0 M_GL @A‘LE — J»AHW !
%aﬁxﬁ.:cooaz o
@ﬂ ]P o% ﬂdrjlaloﬁ
@%w}%@ﬂ%ﬂ%vqw
Eﬁwga}ﬁ@:@q 0
J@AOMMﬂAﬁa Hlmmuc]_ I
El Lﬂ o M@@
%%@ﬂﬁfoquﬂ
Lﬂ.ldﬂ O_D_Z.A;OE,Lv
o ﬂ_v1 1rr_6L
4&9%%
ﬁATﬁu;oo
@%%
5=
X



AgAT(o] A 5, 2018)¢F &

1

°
.

Udﬂ 2009 7HX61 E—%T/]'Xgoﬂ 9]

%aaﬂﬂgﬁmrﬂﬂaﬁﬂﬁu;_}
iﬁ%wmﬁﬁﬂ@.@wu% BT B o
4™ o 5 ® 20 T w5 Zw %ik%1%uwwgﬂﬁng
A igrafx ﬂﬁ%ﬂ.]ﬂ; 5o w < R g X WKW aln]
ﬁﬂﬁqm%ﬂwﬁoﬂww_ﬁﬂ WﬂAWvﬁxmmo»ﬂnaﬂﬁuﬂUrm ._.

o ~ L _ i P
o TR of = < = ™ o N Jood mooT N ~
= Mﬂ oy E ;W o= B o o e > N 7B o o N m Mo
= - o = Y oA ol o= g o W
oox KRTT W ey W Post = T 2 + ¥ T L Lx
w5 LI R IR = AT L8 Yo SR
ogﬁ%%mxﬂﬂa?ﬂ% o =P G U
o S i do OF M o HOX wﬁ a G T g Hom Y o
N w o iwwi?ﬂﬂﬂﬂ&%ﬂ%_&o
AN T SN M i o X Lo o TP TR
HA@%@LPE&ME%#@ 4w o oo ﬂurmMuvuo
S fo X ~ ﬁl.ﬁﬁq oy o B N )
e — = 0 S R H Fomeow Mo BT
E%%a%%%%%ﬁﬁﬁ@ & e o mwuuﬂimo;%uwf% -
e B T T e x ¥ o up NP g o oo T oy T No o M ©
=T xETEE T2 T H?%dﬂ%wﬁﬁ%wa%% |
EﬂﬂWQMEEW%%ﬂ% &%ﬂﬂ%_zxﬁﬂa%gﬂ
G R TR e oy ro,H TTEE A A
ny o o o) = mon = % o MM mﬁ [ ! G2 ﬂh A= X om AAES m.rm olo
o o T oo g ® S T A &3
X ~ o| o M on T SRR G 2 X o
SO S L~ BN R B oo <r < w N
N NP o IS R, 5 of N e W R =
= - (TG - — — = ~ N =F T X KN =
T M B oo o= o U oo me X o W
N nﬂaﬂﬂﬂdM}ATHﬂK Nrﬁiyﬂ1,%§%do
FEllyxxﬁ__o O oy B T oW o o on do o X
N Oﬁ X H ol ~) = nm_.: < 5 Lf HW A~ MM E.E Eo ‘mW ,_Iryl — ,Ml_l ‘ﬁ O_ El_ UW N =
DA r E o o o e LTy s Al 4
S %= W 3 T om < W R g R s P N T w
R W o T T AR W MA o] N Ur o owo Bo s . _,1oyr o mﬁ

B oA W ﬂ%ﬁ%%%uﬁkjﬂu

o o o ™ X o



=

7}

[e)

=

Alel ole I

ol F

7F A

q
e
&

a
o

—~
o

-
1H

R

+
ol
olo
T

T
~N

NIr

].j_r fe1s

©

H 7}

=]

A

file}
Wi

=
el
ox
-
ol
e
N
-

—_
fi%e)

el
=r
1)
=)
!
X

of uhz}

7kl #-3k A

PCKeol|l o

T
T

bl AASE 97 BRAL,

4]

°©

°

9

=

=

PCK 8249} 417
A A

Zhell

Al
al

=

T

3

we} o

7}l

3

%

[}

3

Dz

)

Z¥ArE R 73

3} 5}
=

Al

%

o

e

O

=y
il
B

Tor

4g 3

|

A

s

s ko]

it

9|

=
2L

zol7] 4l

Zhell 2

[}

3

Y2

[l
of

stol 3}

o

Ho=Z

Al
=i

.?_

3

o

=]

A

)

B

X

Tor
Hjo
N

o)

jruze]

ofr
B

jruze]

s

2015 70

A = A of

]_

o} & e A

Z

e
Ho} ?l' =

Al

7N

al

—_
fite)

Wil

XN

%

B

_62_



= d 2 d77F gkernR, wARE A M et

~
file)

Nd
N

o

J_,NO

5

o
°

A

5

_63_



(2009).

28(1),

54

ER)

51_

o

79-92.

A 21 (PCK) €]

a8
5)

e
3] A, 29(1), 54-67.

1

;O_l

[e1
Sl

)

=3

el
i
-

Tor

7}

23(2), 144-154.

o
o
B

o
e
™
7o
g
X

-
o)

B
=Y
-
o)

E!
<
E!

(2001).

T
‘mo
o

A

18(1), 5-13.
WEH(2015). 2015 WA w574 (A2015-74%). A

55(2016). 2015 7

A

!

WG =] vhekst 5 ApprabaiA] R A F(]h). Al

5-(2018).

Dl

o
o

Al

T A (A2019-1955).

(2021).
AFH], A5, AFA2001). #eta}t wAE A=A o o

8t &, 20(1), 75-89.

o

-

W uAE 2] TG A

o}
of

5 3

== =

A of, =f 8] (2011).

AS 2 Aels Yerd w3

3], 31(1), 99-114.

, #14(2022).

S|
=1

olitT, &

627-641.

37}

3L

ki3

7hel o

8

I

. WAE|(2021). #EFaARe] 43

¥

_64_



A @A w3 g g rrA 4, 24(1), 231-251.

UAE, WA, AB(2022). 25 Hetat G wahg mAe] AN
W Fel-§% B STEAM 24 ¥4 3-48hd2 e FHo2
o) 4] -3} 5]

AeA, A%, AW, NAE, ol FE(2022). 2015 ANF WA

ol
- 259 S 41(2), 295-306.
9549 7ke Ad wgH oo g, siaE
5T 18(20), 839-859.
A8 2022). 3t B&HANA AT WG vl A AAg B
AL wFHAF7EA T, 25(2), 119-137.
< $71-2(2020). 2015 MA w&HA s % 5]
£ AEAMe FHuzxg BH-36Fgd EPIS THoE- 25
7} 8t w 5, 39(2), 155-167.
e 3], AdE, FxHE, AEA (2011). 3HG A wL S of 4
PCK WA 9 4 Aol gk Atelld+- b= 38t 5 5} 3
A, 31(8), 1214-1228.

e8], =, oA, A, AEA (2013). MEH S T FAE A

oy
o
g,
()
(@]

—_
®© .
=)

2
of

>
El
e

oy
ot
(il

Lo

P
uls
El
>
i
1o

=, 29(3), 350-363.

W84 (2012). FsLasbe] SAgHst APy % wAASEES B B
A mE A @R mARstE ohel wAbshe =

Z4=(2011). n53A WA WE sty wALE X EA] AT

g E, A
Qe Ade st v 4. FxxTus 22(2), 91-106.

Bhg 7, 2 (2013). 3 719 STEAMe o g “9l” ©hel Shero] 73}
g F71, &v R A @ s mAs 23 25d4%ug

_65_



32(3), 225-238.
ANAE, ASA, AFEA2011D). 25 wAS9 LAY SRR
Tl g AbEAT. 25
, A8 M(2022). =Y F5
g e g et F 3] A, 42(1), 77-96.
2194 F(2004). ﬂ%%ﬂ%ﬂ%ﬂ@ Wt Ay Aos "Hgs o
, 32(2), 135-141.
A7, B, AEA, Fud, A A A (2022). 2015 AN

g
S 2% A% A wdA llE g 24 2edstus, 4102),

.
GRS BEY 4RE B 4

T

X
%
S
1
o,
m{u
_t{o

G5, o], =E3(2014). F% cluFuAtEe] £ AFNA
5 813 %], 34(2), 187-195.

QI (2017). d¥] 2% wAlEo] & #Z FFolA APsE oew
WEHA Ao 2Tt &, 36(4), 447-460.

37 (2004). =5 ouwAtEe] st oA AE oAHe. 2574
a5 23(1), 74-84.

o] 4 £(2019). "= A3 WALE A ZAl A AT ShEAbFAlw
S47, 19(10), 995-1020.

o] 43}, W d(2013). PCKe] ZWoA =2
1FE-2009 MNA Zestm 1-28hd T
WA 13(6), 667-689.

of, Mg, o, AFFE, HAE, o]UZ(2007). =% WAE] I

Z:]

[¢] RN
B ?301 A Ae oY s B4 2edstws 26(1), 97-107.

o]

i

-
A<
= T

_66_

#;rﬁ'! _CI:I_ ]—h -_.fJ]_ T_III_



o, olHH, =23, ofn, MAM, FEY, Hdds, A&, HF:A,
A e, B23(2018). wgHA HASHE e WS A et

AT (CRC 2018-9). I gk u 543 7.

ol 4lel, AHE(2016). 3 TME A =
AE)-2009 A Het 343 e FHoR- 2EIHALE, 35(2),
205-215.

AN (2019). ¥ shetuntel FAHA ARA FYS A% wzo

314,
TN, 000, E5LA A E A A9 e s A

,%%Tjr@hﬂ 39(1), 15-25.
FHE019). 25 olvlAbse HetdYetn &
431‘”4 Eﬂr@r Hd W}t 2ol S 38(3), 345-359.
AR Q02). 25 3~43hAT %4 2 A
.

4 39
37 HE B ATE $F IS FAO

o ¥ stors 9 a)

A, 15(2), 192-212.
%%a,@%m,@@ﬂ@mn.z%ﬂﬁaﬂﬂ4ﬂiMHLﬂEH‘Ziﬂ

tfsk elAly 38 Ay, 2%
A22(2022). AARA ] o3 H= 7H%L x5

oo sk & A vlm. F=a}s

BAAE, UA1(2020). FeF astuel 2uEeal 38t wARE A EA
Q WY LA A(PCK) 84 4], 33w 53E3]%] 40(4)
415-4217.

BR5, A, Edok, A, FA s, AAY, A, BT, A,
o=, F&H|, FAA, 233, 3417 (2009). Jthﬂ A =4 A

s
=

%P*CM Fold 2 7l AR @P%ﬂ%ﬂ%‘dﬂ AT AR 1A,
FAL @ 21(PCK)9] AT+ A&

0
5
ﬁ

_67_

] 8- )



H. S w583 %] 28(6), 618-632.

A %R, MATQ016). T N EAA I e SWoN 2Edm
QaAlzh Hetrgdln Ar odg. AZWEATA, 402)
116-130.

AR5, oldQl, wHE(2006). F5 Wt WAl BHel wgle] xets
STS Wg % &e-7bx gejo] dia #4. @ssaA, 90),

215-223.
454, FHGQ015), AvlE tulo] A8 B83 APAT & Wet 7]
o st Aulz HA-He sge AR OANGRFAT,

14(4), 151-167.

7)o, =4 7(2003). A7 Zedtw ety wAFE A=A e Zg A
g A 25 ystalg 22(1), 51-64.

Arzi, H. J., & White, R. T. (2008). Change in teachers’ knowledge of
subject matter: A 17 vyear longitudinal study. Science
Education, 92(2), 221-251.

Avraamidou, L., & Zembal-Saul, C. (2005). Giving priority to evidence

in science teaching: A first -year elementary teacher’s
specialized practices and knowledge. Journal of Research in
Science Teaching, 42(9), 965-986.

Aydin, S., & Boz, Y. (2013). The nature of integration among PCK
components: A case study of two experienced chemistry
teachers. Chemistry Education Research and Practice, 14(4),
615-624.

Aydin, S., Demirdogen, B., Akin, F. N., Uzuntiryaki—-Kondakci, E., &
Tarkin, A. (2015). The nature and development of interaction
among components of pedagogical content knowledge in
practicum. 7eaching and teacher education, 46, 37-50.

Ball, D. L., & Feiman-Nemser, S. (1988). Using textbooks and

teachers’ guides: A dilemma for beginning teachers and teacher

_68_



educators. Curriculum Inquiry, 18(4), 401-423.

Banks, F. Leach, J., & Moon, B. (2005). Extract from new
understandings of teachers’ pedagogic knowledge. 7he
Curriculum Journal, 16(3), 331-340.

Barendsen, E. & Henze, 1. (2019). Relating teacher PCK and
teacher practice using classroom observation. Research iIn
Science Education, 49(5), 1141-1175.

Barnett, J., & Hodson, D. (2001). Pedagogical context knowledge:
Toward a fuller understanding of what good teachers know.
Science Education, 85(4), 426-453.

Bennett, J. (2003). 7Teaching and learning science: A guide to
recent research and its applications. London, UK: Continuum.

Beyer, C. J., & Davis, E. A. (2012). Learning to critique and adapt
science curriculum materials: Examining the development of
preservice elementary teachers’ pedagogical content
knowledge. Science Education, 96(1), 130-157.

Beyer, C. J., Delgado, C., Davis, E. A. & Krajcik, J. (2009).
Investigating teacher learning supports in high school biology
curricular programs to inform the design of educative
curriculum materials. Journal of Research in Science
Teaching, 46(9), 977-998.

Bismack, A. S., Arias, A. M., Davis, E. A. & Palincsar, A. S.
(2014). Connecting  curriculum  materials and  teachers:
Elementary science teachers’ enactment of a reform-based
curricular unit. Journal of Science Teacher Education, 25(4),
489-512.

Borgia, L. G. (2001). Pedagogical content knowledge in
project—based teaching. Unpublished Doctoral Dissertation,

University of Illinois at Urbana—-Champaign.

_69_



Brown, P., Friedrichsen, P., & Abell, S. (2013). The development
of prospective secondary biology teachers PCK. Journal of
Science Teacher Education, 24(1), 133-155.

Carlsen, W. (1999). Domains of teacher knowledge. In J.
Gess—-Newsome & N. Lederman (Eds.), Examining
pedagogical content knowledge (pp. 133-144). Dordrecht,
The Netherlands: Kluwer Academic Publishers.

Cochran, K., DeRuiter, J., & King, R. (1993). Pedagogical content
knowing: An intergrative model for teacher preparation.
Journal of Teacher Education, 44(4), 263-272.

Collopy, R. (2003). Curriculum materials as a professional
development tool: How a mathematics textbook affected two
teachers’ learning. 7he Elementary School Journal, 103(3),
287-311.

Davis, E. A. & Krajcik, J. S. (2005). Designing educative
curriculum materials to promote teacher learning. FEducational
Researcher, 34(3), 3-14.

Davis, E., Palincsar, A. S., Arias, A. M., Bismack, A. S., Marulis,
L., & Iwashyna, S. (2014). Designing educative -curriculum
materials: A theoretically and empirically driven process.
Harvard Educational Review, 84(1), 24-52.

De Jong, O., van Driel, J. H., & Verloop, N. (2005). Preservice
teachers’ pedagogical content knowledge of wusing particle
models in teaching chemistry. Journal of Research in Science
Teaching, 42(8), 947-964.

Hashweh, M. Z. (2005). Teacher pedagogical constructions: A
reconfiguration of pedagogical content knowledge. 7Teachers
and Teaching: Theory and Practice, 11(3), 273-292.

Falk, A. (2012). Teachers learning from professional development

_’70_



n elementary science: Reciprocal relations between
formative assessment and pedagogical content knowledge.
Science Education, 96(2), 265-290.

Feldman, S. (1998). A Teacher Quality Manifesto. American
Educator, 22(3), 5-7.

Fernandez-Balboa, J. M., & Stiehl, J. (1995). The generic nature
of pedagogical content knowledge among college professors.
Teaching and Teacher Education, 11(3), 293-306.

Geddis, A. N., Onslow, B. Beynon, C. & Oesch, J. (1993).
Transforming content knowledge: Learning to teach about
isotopes. Science Education, 77(6), 575-591.

Gess-Newsome, J. (1999). Pedagogical Content Knowledge: An
Introduction and Orientation. In J. Gess-Newsome & N. G.
Lederman (Eds), Examining Pedagogical Content Knowledge.
MA: Kluwer Academic Publishers.

Grossman, P. (1990). 7The Making of a Teacher: Teacher
Knowledge and Teacher Education. New York: Teachers
College Press.

Grossman, P., Schoenfeld, A., & Lee, C. (2005). Teaching Subject
Matter. In L. Darling-Hammond & J. Bransford (Eds),
Preparing Teachers for a Chancing World:W What 7Teachers
Should Learn and Be Able To Do. San Francisco, CA:
Jossey—Bas.

Grossman, P., & Thompson, C. (2008). Learning from curriculum
materials: Scaffolds for new teachers?. 7Teaching and teacher
education, 24(8), 2014-2026.

Grouws, D. A., Smith, M. S., & Sztajn, P. (2004). The preparation
and teaching practices of U.S. mathematics teachers: Grades
4 and 8 In P. Kloosterman & F. Lester (Eds.), 7The 1990

_’71_



through 2000 mathematics assessments of the National
Assessment of  Educational Progress- Results and
Interpretations (pp. 221-269). Reston, VA: National Council
of Teachers of Mathematics.

Krathwohl, D. R. (2002). A revision of Bloom's taxonomy: An
overview. Theory into Practice, 41(4), 212-218.

Koballa Jr, T. R., Graber, W., Coleman, D., & Kemp, A. C. (1999).
Prospective teachers’ conceptions of the knowledge base for
teaching chemistry at the German gymnasium. Journal of
Science Teacher Education, 10(4), 269-286.

Lee, E. (2005). Conceptualizing pedagogical content knowledge
from the perspective of experienced secondary science
teachers. Doctoral Dissertation, The University of Texas at
Austin, TX, USA.

Loughran, J., Berry, A. & Mulhall, P. (2006). Understanding and
developing science teachers’ pedagogical content knowledge.
Rotterdam, The Netherlands: Sense Publishers.

Loughran, J., Milroy, P., Berry, A., Gunstone, R. F., & Mulhall, P.
(2001). Documenting science teachers’ pedagogical content
knowledge through PaP-eRs. Research in Science Education,
31(2), 289 - 307.

Marks, R. (1990). Pedagogical content knowledge: From a
mathematical case to a modified conception. Journal of
Teacher Education, 41(3), 3-11.

Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources,
and development of pedagogical content knowledge for
science teaching. In J. Gess-Newsome & N. G. Lederman
(Eds.), FExamining pedagogical content knowledge  (pp.
95-132). Dordrecht, The Netherlands: Kluwer Academic

_’72_



Publishers.

Morine-Dershimer, G., & Kent, T. (1999). The complex nature
and sources of teachers’ pedagogical knowledge. In ].
Gess-Newsome & N. G. Lederman (Eds.), Examining
pedagogical content knowledge (pp 21-50). Dordrecht, The
Netherlands: Kluwer Academic Publishers.

Mulholland, J., & Wallace, J. (2005). Growing the tree of teacher
knowledge: Ten vyears of learning to teach -elementary
science. Journal of Research in Science Teaching, 42(7),
767-790.

Osborne, H. D. (1998). Teacher as knower and learner, reflections
on situated knowledge 1in science teaching. Journal of
Research in Science Teaching, 35, 427-439.

Padilla, K., & van Driel, J. (2011). The relationships between PCK
components: The case of quantum chemistry professors.
Chemistry Education Research and Practice, 12(3), 367-378.

Park, S., & Chen, Y.-C. (2012). Mapping out the integration of the
components of pedagogical content knowledge (PCK):
Examples from high school biology classrooms. Journal of
Research in Science Teaching, 49(7), 922-941.

Park, S., & Oliver, J. S. (2008a). Revisiting the conceptualisation
of pedagogical content knowledge (PCK): PCK as a
conceptual tool to understand teachers as professionals.
Research in Science Education, 33(3), 261-284.

Park, S., & Olver, J. S. (2008b). National Board Certification
(NBC) as a catalyst for teachers’ learning about teaching:
The effects of the NBC process on candidate Teachers’ PCK
development. Journal of Research i1n Science Teaching,
45(7), 812 - 834.

_’73_



Putnam, R. T. & Borko, H. (2000). What do new views of
knowledge and thinking have to say about research on
teacher learning?. Educational Researcher, 29(1), 4-15.

Remillard, J. T., Harris, B., & Agodini, R. (2014). The influence of
curriculum material design on opportunities for student
learning. ZDM Mathematics Education, 46(5), 735-749.

Rezat, S., Fan, L., & Pepin, B. (2021). Mathematics textbooks and
curriculum resources as instruments for change.
ZDM -Mathematics Education, 53(6), 1189-1206.

Roblin, N. P., Schunn, C., & McKenney, S. (2018). What are
critical features of science curriculum materials that impact
student and teacher outcomes?. Science FEducation, 102(2),
260-282.

Schmidt, W. H., Jorde, D., Cogan, L. S., Barrier, E., Gonzalo, I,
Moser, U. (1996). Characterizing pedagogical fow: An
investigation of mathematics and science teaching In Six
countries. Dordrecht, The Netherlands: Kluwer Academic
Publishers.

Schneider, R. M., & Krajcik, J. (2002). Supporting science teacher
learning: The role of educative curriculum materials. Journal
of Science Teacher Education, 13(3), 221-245.

Segall, A. (2004). Revisiting pedagogical content knowledge: The
pedagogy of content/The content of pedagogy. 7Teaching and
Teacher Education, 20(5), 489-504.

Sergiovanni, T. J., & Starratt, R. J. (1983). Supervision: human
perspectives. McGraw—Hill College.

Shulman, L. (1986). Those who understand: Knowledge growth in
teaching. Educational Researcher, 15(2), 4-14.

Shulman, L. (1987). Knowledge and teaching: Foundation of the

_’74_



new reform. Harvard Educational Review, 57(1), 1-22.

Smith, D. C., & Neale, D. C. (1989). The construction of subject
matter knowledge in primary science teaching. 7eaching and
Teacher Education, 5(1), 1-20.

Smith, S. R.,, & Abell, S. K. (2008). Assessing and addressing
student science ideas. Science and Children, 45(7), 72-73.

Tamir, P. (1988). Subject matter and related pedagogical
knowledge in teacher education. 7Teaching and 7Teacher
Education, 4(2), 99-110.

Turner-Bisset, R. (1999). The knowledge bases of the expert
teacher. British Educational Research Journal, 25, 39-55.

Turner-Bisset, R. (2001). Expert Teaching: Knowledge and
Teaching to Lead the Profession. London: Fulton.

van Driel, J. H, Jong, O., & Verloop, N. (2002). The development
of preservice chemistry teachers’ pedagogical content
knowledge. Science Education, 86(4), 572-590.

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.

Wenglinsky, H. (2000). How teaching matters: Bringing the
classroom back into discussions of teacher quality.

Wiener, G. J., Schmeling, S. M., & Hopf, M. (2018). The technique
of probing acceptance as a tool for teachers’ professional
development: A PCK study. Journal of Research in Science
Teaching, 55(6), 849-875.

Wilson, S. M., & Berne, J. (1999). Chapter 6: teacher learning and
the acquisition of professional knowledge: an examination of
research on contemporary professional development. Feview of

research in education, 24(1), 173-209.

_’75_



o
B

WAL KA

CEEARE

o

42(1), 47-63.

_’76_



Abstract

An Analysis of the Pedagogical Content
Knowledge Components 1n Elementary
Science Teacher's Guides

. Focused on Material units in 3rd—~4th Grade
under 2015 Revised National Curriculum

Yoonyoung Cho
Department of Science Education, Major in Chemistry

The Graduate School

Seoul National University

In this study, we analyzed the PCK components in the material units of the third
and fourth grades of the elementary school government-authorized teacher’s guides
developed under the 2015 revised national curriculum. The result revealed that the
PCK components were presented in a relatively balanced manner compared to the
teacher’s guides in middle school. Knowledge of subject matter accounted for the

highest proportion, and knowledge of instructional strategies in science was a
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higher proportion than knowledge of science curriculum. Knowledge of assessment
in science showed the greatest deviation among publishers, and knowledge of
students was the lowest in most publishers. By sub-components, the proportion of
experiments and inquiries was higher than that of concepts and theories. The ratio
of horizontal articulation was lower than that of vertical articulation or lesson
objectives, and lesson objectives were presented in various ways such as science
core competencies and achievement standards. As questioning was emphasized,
teaching strategies and questioning appeared at a similar rate. Motivation and
interest, misconceptions were linked to teaching strategies and questioning. In some
cases, assessment items and assessment criteria were presented for each level, and
various PCK components were linked around these two components. Components
with relatively large differences among publishers were supplementary or in-depth
concepts, inquiry in textbooks, instruction sequence and method, subject-specific
strategies, and assessment items. Based on the results, implications for the

development of teacher’s guides were discussed.

keywords: teacher’s guide, pedagogical content knowledge (PCK),
2015 revised national curriculum
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