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1.4 47 9y

1.4.1. A AL AT

AT AT FAE e AsHor =Y, e aAt
ofsl ApAow AlAtE stw o] wAFEH I 1 oA Ao w3t
PCK &l tigh 212 olal& & & Q= A7 Wyoz A4 A7t
Agsirta ddsiditt. A4 A= A, A, @4l W T
b Zheli A 7] o] e Q= iR o] AdHel FHuish HIetaAl she
A WEolr. olo] AA dAgE AAAEHE AdselA Ao
(Creswell, 2015) @4 A5+ A4 (naturalistic) W o= T3 HE
(Stainback & Stainback, 2002). %4 A7+ AFA7F A3 714 9
B3-S ASst= A5 WMet(the context of persuasion) oA A7}
A= v, AA Ao = @A 5/ 7HE I o] 25 B E=
A Wet(the context of discovery) oA A77F XA (F &3
2004). webA AA Aas FA AgelA "] oee AT i

=

of thall 558 SAolu Mt 5o Al Wl B THAAL A

A3tk (Creswell, 2015). A& AFtela] A4 A
AE AT oldel WEsH AR E= Aol oidet A7 FAEHE B
A HApAom FAFEE 5o ATH(F G, 2016). webA AF
AT AES AFelA ARE FHstHEA WHAEE F Ao (Creswell,
2015). T8 27 - B4 FAoA AT AV £4E S
(O’Reilly & Kiyimba, 2015).

A Ao A7 FHY A7 B £IFHS 2, o] 2 A

x)
2 wEe Zo] ofyEt AR oR ool A Ats ARE
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FASAAN A5 BAE ARSI, AR B4 FFGA FrhH
FRS 9FM AR oz A So] 77| du) o] wEo] A& o
AT AR AddeR AR EGA, 2016). ATAE Tt

ds3at7l A3l AREE RO+ Aol ofyut AuE FFeta A
A AsoM FEACE EYus Adds Fof AgHoR 243
R W, FAE FAstEA 2R Ve E AER A AS
t}(Creswell, 2015).

thekst M4 B 712E st A A=l g A=
o e A ORE F3F Vl=A, ZAClE, AT, d4%
T, ARAT, WHHE AT Fol v (F71E, 2018). & <

i)
12

O
o

%73
(descriptive) &2, AMHHAFE B3 AYELS Ao gist TRt
s , A

Mgt 7lsolm ZALE Al gt 9l
A (heuristic) &2, AtHATE T3l A dist =x}9] ols|&E o
8t 4= qlt} (Merriam, 1998).

AATE AT AAAE AYSE RS ATAIL RS @
sheAol gl A7 BAZL ot ojgA g g dRow

o1 AL (Yin, 2017) spute] ARlolnf TR AE 228 Fof I}
ol Aok A AT A Attt (Merriam, 1998). ¥ 9779 &

IN

e uwAre] deheEl ATAES st el ojgA AFAE
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At Aol e AHE U G YA 9T (single case study)
of wdst AT el F ) ol AHHE EdeteE vdsAREAT
(multiple case study)”} QUth 2 AFoA AFA= TZAE £S5
Adl wAEH S AFSa AL AvALE: FHoR 18 A WA
He AR 7 3 wAHB OF A7 o=z T Al i AHEE =
AA o7 EAskE At ATE AASIT ol E EEl Al HE] Al
AT AygE FEHCR FHggste B A58 Qe dA W AEE 9

2ol W7l fa =ik AAle A S 4 Zeld Azl

14.2. 459 343 AHA

A Ao A dA-eld A4 A5 F 22 AHRE dvi Al
2 g Aol e EAelth AteldT W3 BEdke] oy 7bA]
Al AZIH7 = g At AR 9 24E A Fe &
Tol7] wizel A+ ¥ 2 Aye] AT, dUd, Y A4 T
AZVE71 %= st o] 3 EAlES A9 AFEE, BHEE, dytst vk
ol tigk Ao w7bx] whdd 5 led d4 Abeld el A AbEl= 7
22X o7 YiEAYS HAsA 7] wiEoltk (Merriam, 1998).

olof AFA= Fawst 7|Zkell A gEE (rapport) FA4 W A
Al AR A, w5 AA A A, A7 FRe] HES FlA
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AT AAL HAF, AHe] A T AT oy A AES TElTh
T dgatzo] AtelE A4 #EsE e =2rbsstRsE 3% do]
HE AASty 549 A2 &4 343 1 235 E9sts 3
S AHE-SESITH(Stake, 1995).
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AR ()AL LG A Qo)A AR ATEY AFE

sgom B AT AF Foldel Fo, wung, sdn %

WARE AT AR AASgly] Wl FoiAse] Al 8l AR
HEE gk 97 FoiAs GulE Abgete] ez Al =
g e At olslE w71 fsh FHagkel Fruky ke =l
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15. 80]9 39

WA 8 (teacher collaboration)

WHS Ao A P2 theket SuE 2ol=d, wAFE | st
s e FHAE F7e EES et (Moolenaar, 2012).

VAN E 2 B d9E Fel cws W3k, stuw R, stw Arx3)
o ourE g

APATE EOE o] AolA mArd o=t HA F W wAb
O U2 A9 g5E al ApdAom gapai el Fojstd, A o
I 5285k 2 (Friend & Cook, 1992) 22 A o|gtt}, Lt o
ATollA st o wARE H 2 WA BAlel] 23 e BE JidoR ¥
(collaboration) ¥  # X (cooperation) S EZ3sl= 2Ju]zE AL
(Kougioumtzis & Patriksson, 2009) 3} T}

Aol = fle wArd Yol B3 AoE vtE o R T wAE %
s fall d¥sty dve e AAE AbEHE 248

o

O{A

PCK (pedagogical content knowledge)

PCKell thet o= Ad7Avth gh=2 At o] AoM= shAel 3t
st olalg Wt S5 57 el A A A4 e B
foto] FdolM ddshs, wAke] AR AH 22 PCKE olsfstaL
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Magnusson et al(1999)< PCK 94 = sl 338k wxgS
9 ks JFEHof slar, st mo A Folo] FQskA|o I W
ALY A A Mg o g Aottt B A= o] FYE uEH,
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O AR A e w2 Aol At R EAls dEel 9

S nxE= Qlo® X AX I t}(e.g. DiPardo, 1997; Hargreaves,

2019; Leonard, 1998). ¥ A= stw Yo wAE9 AbAel 3
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gt

B 9A gou wAke PCKAE FAl - Seldelehs sl ¢
(Abell, 2008; Loughran et al, 2004; Magnusson et al, 1999) 7} 3l
g AR, AT, HEAY g dele FAE A= W A
Fow dATel Aug Awsspll Pt A 5 ek

TP B Qe A5 3 gaew de] 159 e 3
43} seeq 9 9E PCK, 8 aAEe AFAow Bas
LRGN BeE gaew st Avel vake +38 Ang AT
Ao #Ajo] ol QA olFold & gtk ATAL o AT F
okl AmAle] F A shd, Al A wele] sjgets setrgle of 1

=
dojo] AA w2 W WAs] 2% AY WAk k5wt of

rlr

ri
w
N

==

S EA3 = B8 wFAEge] oulo U AEH A AYgE 25T
2= 9loitl. wa AT Holz} BuAl CuAlSls AR &o} 3ty
I gskegef sk 159 MAAQ AP AE EH5A 5 F

=

(rapport) = FoAA=2 A=A Heedat 159 wAMEY A=
AASTA AL, 150 A Hehegle] BTt ool E T
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A e Tl 9 ds £k, collegiality= 352 29 3
o YA e AxIHA-HH

%7], 2013). =, collaboration< 37 s&3dtth= A A A A
WS x5k, collegiality= &89 & g o3t 55 At
ole] el o, & #AAL A& st (Kelchtermans & Geert,
2006) &= #Fol7F Qlt}. Marlow & Nass—Fukai(2000) &= collaboration
< 55 AYNA #qA Adsk= A (work)'CE, collegiality= A
2ol 553 7] E st Aol Uid dE (] ‘EF (respect)’ O E
vlet B7|% o

3+ | collaboration® cooperation® z}o]i= collaboration®] &2
s s 1Y A4S T e 7k Bloldkd cooperation
& HAE HYATE 2] Yol Fa B E HAE e ol
w7 vAl sty R FEstths AolA zke]7F Ut collaborations®
TAEEY At Aol EE o] Qlo] X7l AIRF SHeld E&
dol "ol Holx|ntk ofg] AbEe] o]Ho] Roj ] & AUA aIE
7l el d=els d U4 A34E 7FAE 7 Atk

Qoketd, JIEA Aol Y F AR o]Ado] A Ro] FAsh
B2 GAdsr] flel dote AoE Eua T AtHesE R 1
=

71, 2013).

o
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st

2) IAHEY S AE

] =39 A}3|erA} Lortie (1975)+ WA AAF9 (presentism), H
F9] (conservatism), 7§12 (individualism) 7} 11E3HA A5 <
9 553 w35 7H 3 val AT o] A M 55
Al JHRIFE ] MAE fs wAFE el gk A7 gds] 1
Ak (Hargreaves, 2019). 1980 th F-REo| A F-H 1990t ZRE,
w2 el JhQIFLe] thgh Azt o HE Al ZHE wALH Ho gk A=

Aol AFE Abolo] gl A ohuet BB 5 A

—
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T geke Frhs S =9E9 v (Hargreaves & O’Connor, 2017).
A2 =2 (Lieberman et al., 2008)

#7h Qe AHA wAabse] deldow A

ot

Hargreaves(2001) & 18] AA{oA AL2]EH2] BA oA wAMY H =
4 (collaboration) ¥ 7}84%¥ 534 (contrived collegiality), & 7}A
AQow skt A ek 548 dHo® wpgbEy, Al
’d (spontaneous)’, ‘A4 (voluntary)’, ‘&% A2 (development -

oriented)’, ‘Al &7t HolH+E F3 (pervasive across time and

o

space)’, ‘“|=%E7}5A (unpredictable)’S 7Fx38ith, 3 ap= <3 A A
%2 77 A1 ¥ (administratively regulated)’, <2142 Ql (compulsory)’, ‘A
3] A3 (implementation - oriented)’, ‘A|ZF} el glvlQl (fixed
in time and space)’, ‘“l157Fs7d (predictable)’& 54dOo® sty
Hargreaves (2001) 9] “g&” 7idel ] FARY Fog 22 ApLA)
or & F e ol A=y rgel sl Al Zlo] otz x4
o] FAdE AAE E3ete AEAd As Axske Jlolth wet

Azl AAZE B4 e dEe v 2 UHdE $RAd R

AFEH ] g e AFEE59 TS Lavié(2006) o] A7}
]_
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Aol I+ gt 7|k W AFE Y (school—based teacher

@)
<5
Iy
o
@]
=
&
=
2
o
re
|l
ol
ol
q
[
offt
rO
1o
ki
>~
>
ek
1
=2
fu)
ok
=
oL,
Y
(i
1o
il

- 4 g8



E 2.1 gwe] 7|ukgt

FAFEY Ade oA 7R 249 v (Lavié,

2006)
T =34 a4 TEAZA A -z 3} Hl 34 &
= g 8w T R
EEC I R E O] THE wd | eede | e Feel | aArggd
27 HE4d #AA | B AHdY | 8 dy | AR A | Vs
o] 7ol | Zidhe] ot | o  &glell | &S A Qs | (technology)
= Ay | ge2 o | /%% B | = now %4 HAe
743 = w3 w9 wEA | sw gur | BE A
gl wg | A Fe A7
=4 T Ak
2 HEr Y
A g
A grwolA w | gAY Y | gwxz ] aE THY | WFE -3
gee | A AL [ AAEE ¥ | 98d v | A adn | od 4d3
A AEE | o7 HAsH | o "ist st o] gkl | AFE A - A
L S e detez O gwd | AE ddo
sh4) 54 a5 T | 234 dHE | 249 7=
dow g | AEI FTE | A= Zo
T A | ArEAY 5 | dist i3 E
&= e ot A
L R |
7}A] A5 oA H-7HA] Hlj = 2] Zdglol &5 | AR 1
P oA, (free— &9} 3l XAE | g pgd
AEA A | value)” W | 284 A | FUSost— | A A
g 2R 9 | LEAE Fordist) %2 | %3k
Azt A | EEGH o] A,
Ml A% g4, W3
#el A
THE | A4, A9 | gre A8 3o E A9 A2
qo | A A2 FH A | Feay | 9H A2 (wwy g
o o WE | AT el AE | /149
Ageld | BalE | AN
A7 el | AT R
<173} 173}
(atomization) (atomization)

B 7P A9 el 71AE ol
EEE

& (cultural

improvement discourses)’©]t}. ©]

discourses)’ ¥
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2.2. 38 WA 3 (science teaching orientation)

o] Mo ALY MEA A2 PCK9 PCKe 84E Yolr i,
WAFS] PCKEF #dd West =9 %W PCK A5 <& At
CM (Consensus Model) 2 RCM (Refined Consensus Model) ¢l th 3l
AR AR R BERE 2 =] o]#4 59 PCK 24 & skl
‘et WA el thel] dotr A st Aol A HERTE A2

Hog Fal APl 2 B 4Ae $AsL, arte A x

ri

e W ATES AdBOoRM WA AFE BAsRE Aol wAt
A

of #et ws A wste] oW ouF i

2.2.1.PCK$&} PCK 824

1) PCK

WAL AT AR AYE =8 o SFsE dEel PCKe
Shulman (1986)°¢] FHx=E A|Qts}l3l
7|4k (teacher knowledge base) WAL A
t}(Shulman, 1987). Shulman(1986)2 PCKE “wF%E ¢
& A2 gl “ugE Abgo] olald ¢ UARF FAE TAS &

olglal A oaiti(p. 9). PCK7} 523 olf& o5& 1
AF 21219 534 ) (integrated form) & HlelR 7] wEo]t} PCKE=
A FAE oldsta, o]lF 54 st ElA oEA 19

shar, k2 Aok sk tiEk A Aotk (A3 s, 2003). o= 7FEAY



= Ee Z337] 3t 7B 583 89 E A (representation),

v, oAl AW, AW S SHAEC] olsfisty] |l Edskar 2 3}e)

= A2aS £33 (Shulman, 1986). wAFS] PCKE ol& st A
WAZF g AERs desta AAgsted o] ofg@A 17 7HA AL Sl
A

= AYE Fgetar Ask=A, 1 A S oldistal AyE ¢ S

Shulman®] A AFel Grossman(1990) 12 A4 “The Making of
a Teacher”olA] WA} #]2] BES A}t 1+ W A2, Ayt
w5 A, AFE dg A PCKE FAE= wAF A4 7 F
PCKE “ws A=E AAst= 7id A=(p. 86)#a AHstilt.
Tamir (1983) = PCKe| T t2 SHo 22X H7le] @3k X473 7=
S As7I = 3R Carlsen(1999)2 #HEusE ¢t PCK =4
o] aRA “sPo e dig olarE FesAl EFAIIIE
3 tH(p. 141). ©]% Magnusson et al(1999)¢] s w5 9t
A PCK s ARbshaA vAl 71X PCK 248 EFAIZH
HeturE fleh A%, A ofsfol wIE A2 Ald 7
et A A, B8 wFE Qe g dgke] sk XA A,
Wt WSl ek A2 Aol TZlotk(p. 97) (¥ 2.1). ©]
AlQket mdlo] & o] 542 PCK 74 249 319 &4
Arjstel WARS AR AAE B FAACR BEARRTHE Zlojt. o

g
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PCK

£ 18t a4 2
o L e e ns
RENE] S5 oty || motu
SHY O|sf{of 2ot == HEFO 2ot
X[ Afa 41 X|Aat A
gl gLl mat ME ZH M
ager || oas <
E=ESy gs

a9 2.1 #3 35E 93 PCK 29 (Magnusson et al, 1999)

Shulman(1986)¢] PCKE =S¢t o]F PCKe} 1 Q4o ofsh @
& A77F Ak webA PCKell oigk 2w 17> Shulman®] 7 9]
g mEUAL g9 .4y 54 AAbeigr zpelr k(&
2008). 53] #wAtE tidoZ = PCK A& diyi o1 4
Q49 548 F@AE T (Abell, 2008). =] A At PCKe
2.3% 2t

& S

=T
ok
oX
10,
iy
flo
=4

10 2] 1



X 2.3 1k PCK 39

A

Shulman (1986)

24 5 YES A=AE Pl 9t A
A
.

Cochran et al.(1993)

PCKg(pedagogical content knowing)

waetA A4, Wi g A4, 94 o
ol B3k A2, S Ao vlak 423
wol 47kA T s g wAbe B

S| o] z‘;]]

=

d

d

Council(1996)

e e, wHAd, o, W 9 oA

of WE ke AAEe Biehs 5w

SEERSE
van Driel et al. 3t =28 98k AFsloA] wIt 2|2l
(1998) ok wAbe] s)4a W
Magnusson et al. w3y A2, w8 x| wel x]2]o] W
(1999) o] Axz WA} x| 2a 9 3
Loughran et al. st B4 sk g2 o]t b
(2001) ol He ug Ags ANg 540

Park & Oliver (2008)

Abell(2008) PCK

A1 ] 8- ]



AA, PCKE ‘2 B AAE9 W3 s Edahe #2484
¥+ WFo]H (PCK is a distinct category of knowledge that involves
‘the transformation of other types of knowledge’(p. 1407), W A}7}

A e e AAEH WAs #¥o] QOomA wARe] TFEXA =
23 BEd BEl ol E AWE = 7 A= Aot =4, PCK+
S8 wak Y& o] b, o]E PCKE FA4 - 5ol4 £40]
ghal ok AlA, PCKe Al 7HQ1Z o 7R A Ql &4
= Aoq AAXY. mpARte g WALl PCKe e 8
g w719 22 Al g Adel W o)

s

7}A] 11

32

W@
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j)_l:l
I

rir
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2

32

el A= A E2003)0] o ATAe IFE B4 9 St

°f PCKY #deol W B7Hs vt ol sl
A, PCKE 1A AfQle]l 543 #shs9]
Zh2A = Abgehe e Wlg A4 Aeh w2
& 9vlsks Aelth. B4, PCKi A AAalo] 7HAaL Sl a5 9

& SEG ANAZA Fetast AR LA A, A Je A

1>
1o
d
oX,
é

o Aol FFAQl gRlolge Ao gdEs Zoldt
(Clermont et al, 1993; Magnusson et al, 1999; Marks, 1990;
Shulman, 1986; van Driel et al, 1998). 3FARF FA L 4of tialjr]+=
skzluit} thekst FA50] A3kt (Loughran ef al, 2004; van Driel
et al, 1998). PCKE ¥ A4, w53k 2|24 Absl %249 g3t 2=
(integrative model) ¥ W& ¥ 9 (transformative model) = o]= =
Heow Ry wel PCKE TAsk:s 847t et (Gess—

Newsome, 2002). 3 mdo waAle] x4 7|ute 7%k Zlojn,



A A A2 (practical knowledge) 2] W@ 3 FAFSICH HE ndle
PCKE WAl A2 7|gto 2y Wgs ozl Aoz, wAbel w53
b g AETkel 7R e WA AA Y I ggor Atk
SHAIRE o] F ES AdabE Zloler] Ry PCKe Aot 1 ®lifll

et 7 Rl Eges 2dY 4 duh(E e, 2009). Aol A
=
[€)

2 x|

¥ 2.2PCKe A3t 58 22 @F) I HEY EL($) (Gess—Newsome,
2002, p. 12)

PCKell tfst A7k whxdgtel] whet o]z Ao, 23 I81 A%

T3 e vedS PCKell tfdh Akare] Apole} PCKeF ¥

2 =95 =#uAl H9lth(Gess—Newsome, 2015). ¢

A&yt PCKE ol #AQ7E, PCKE AL 7HQ1 A 2]Q17} oy

FEA7E 7R A A Q17E, PCKE A A2 7IRbe]] &R 8k=7}, ofH ¥
7% (skil) 917}, PCK= W 9]¢ Hxg 54 78717 ol
ol9} 2 HetuF Ao AFApuict el PCKel ldell o

il :g
r
i
52

3 IL'-\. ;
43 M =T



@ Fol® wae gou welo] PCKE A7aHs Hetasa) Aol
oA olsldl, 2012d9 20161l AR 1, 22 PCK 17A=2]
2 (PCK Summit)©] ZZ7o]t} 12 EYe|A Shulman(2015)2 %
7] PCK 7@l A4 =4 (emotion, affect, feelings, and
motivation, all of non—cognitive attributes, p.9) & X3FA|7]#] &

2, WA w58 gl TR WS VlEolA 42 A, A A,

7HA AL, SRS URlew, 54 SS9 A
227] g Aoz AH AT (Gess—
Newsome, 2015, p. 36) 128]3. ¥}suwS AG-o42 PCKe @&
ghejdl =95 (CM, Consensus Model Ao (2™ 2.3).
12pell A Aljkel CMe] 7 2 AldA e B2E el PCK7F &4
st o] Z =ejuA| etk ZAlolflth. CM wAbe] A2 A2 3
el 23S % EdE, wAe] PCKe ‘w4 A (classroom
practice)’o]2h= £ kol wAFS] tE A4 VREES] S we

pPCKZ Z&AY 1 gt} o] Bl wAle] AEA %2 718k (teacher

,4 OHH E_X

—LI

ki
it
ol
38

professional knowledge bases, TPKB) 3} F4] - Eo] &<l A& A]2]
(TSPK, topic - specific professional knowledge) ©] WA}S] X|2o] I
7] #leiM = 55 (amplifier) ¥ o3} (filter) & &3 wARZE 7F #ll=
= F3sffof stthar Ay stth (Gess—Newsome, 2015).

o] ®Hlo] 7]£e] PCK Ed¥ v A2 A, us HAUIe) =
PCKOl g9 gl ZdAZAT= Aotk o= PCK7F G2l A 24f0]
ofyzt & ¢ wHolgk= e uldt. =4, 7i14 PCK 181 7]
% (PCK&S)> ® & 4] (canonical) o] A TSPK9+= th2v= 215 A
g Stk Aotk v @shd TSPKE AE7bsel & 484

o

44 A= ‘_'-]i =1



o7 AEste AAolm PCKe wAF 7iglo] zh= ARA A Aolgk= 2
ojty. stAINE Id WALl PCK7F 7jole] A E A 2]Ql7 el th3t =
we A%H T gnh
Teacher Professional Knowledge Bases
Assessment Pedagogical Content Knowledge Curricular
Knowledge Knowledge Knowledge of Students Knowledge

h 4 h A

Topic Specific Professional Knowledge
Knowledge of: Instructional Strategies, content representations,

W

student understandings, science practices and habits of mind
.$
Amplifiers and Filters: Teacher Beliefs,
Orientations, Prior Knowledge, & Context
)
—> Classroom Practice
> Persanal PCK/PCK&S Classroom Context
Knowledge, Skill, & Enactment (Curriculum, etc.)

M

k'
Amplifiers and Filters: Student
Beliefs, Prior Knowledge, Behaviors

i
\w.] Student Outcomes

J9 2.3 PCKE x¥3t= mALY AR AAF 7|& 22 (CM,
Consensus Model) (Gess—Newson, 2015, p. 31)

ofw =2 PCKY #7445 wAb 7H1e] nf/3 Ao 4743t
71% stk (Hashweh, 2005). ¥bH o x5S WAl {hol 354
l PCK7F 18d & vk A3 & o bzl 89 PCKE A
ek 4= 9ltkal F4etch(van Driel et al, 1998). PCKE Hw4 <l A

2o 2 vl EE Smith & Banilower (2015) = “PCKE A9} A&7}

e 2 2] LT



Aere] AWe A FHEAG e BolER(p. 90) e F
of M= PCKE AT ARl e god 5

CMo] wAFe] PCKe =2 A ke dAE v Ae Eddlol
T =Tt oy A, HAHA TAE VMo E SR Y o] &4
7Hgolete A Zhethe Zlo] whel gl efukskd wARe] PCKS}
Aol A3 Alele] #AE BASH WY A= CMIE & 23
= A A (e.g. Gess—Newsome et al,, 2019; Keller et al., 2017; Sadler
etal,2013) 371k 7] wEolth, EF CM2 wAbe] A7 A2 3
Zlwoll A& T WTs oAy vs4 9w 12a PCKe H3t
3 HSAS T =YuiA EPoe vds W% etk (Carlson
et al, 2019).

CMe] 2zt olejdt AE S5skal #3twAte] PCK olsf¢f wAtal

WY TJea ws Ao AAE & 7 e, F o #8F

PCKell @3t ghoje mds Adwsty] ffsf 201749 PCK dA7A4=9
22 mlo] JRHHE T 22 RYelde PCK S4S 918 A+
¥} = (instruments and tools) Z8]al o]E E3j 4
shar, 12k BES6 o] %8 254 A A3 HUE Sl CM
kil Ale=2lsto] RCM (Refined Consensus Model) © T
o] A|t= AT,

E
rlr

PCKe Al 7k 995 depda 3= otk o= Ak
PCK (cPCK), 7H¢14 PCK((PPCK) 18]a 232 PCK(ePCK)o|t}
o] 2 ePCKE wAFY #d A Ao tdt ®al, wd deko] A&, A}

46 -":I:-. : 'k:i' 1_-]i
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2
& oJv)giet
2) PCK9 #4 84

Grossman(1990)<2 PCKZ9]
sk %2 sHAE 9] JldE st

4, 2% BRG] B A3} 4
FE 9% e A4, 9
Aol Bk A4 EEAH

+ PCKg(pedagogical content

Q4% Shulmane] A|¢F3F w4 % 2kol

Bat A Aol ete] @Kol Bt A

=

HE ESAIZ Y. Marks(1990)+ 1

olafle 3t A, wHHA Ao W
. Cochran et al.(1993) % PCKZ &4

= @77 wete] e ok A% F2d

knowing) & A Ystar AA wg A

Foll met deHor DA AT e AEsih o

5o

PN
oty
ofl
:\_l‘
oﬁ
2
o
[}
[}
9_9
rlr
=
%
=
El
b
%
>
o
fu
L
Fr
2
_ti_l‘
1%
=1
>

‘?_
)&} mY, w5 A, B}, wrdE 87

QadE ZHHA, B A2,
2 LA AP A2003) S F8F PCKe] 3L wpe] st w4,
35t wEAR e A4 A, S5 s FA de FAEY

X3
of st A A, #d wgE fst
AFE A 247 HkE ¥R (2003)+= PCKE 319 HEE

S A4, EW A4, WE A4, B A4, sy A
A

59l Aol T A4

K

48 A &) 8



Che

k|

2.49 2ot

¥ 24 PCKE 743= PCK 84%

A

Grossman (1990)

A% oE 779 Sedel wot
@

E S| oﬂ

Marks (1990)

Magnusson et al.

(1999)

et g ge A, 98 wxagel @
@ A A, A ey W] Ba A
Azp A, s oldlell wE KA A,

a4 8 (2003)

7 $+(2003)

S ofse] wE ANy A, W} m
3

TE AT 7 Aol B A4 Ad

o

=5 19
(2008)

A A W, A, Ao Agl, Het

Park & Oliver (2008)




WEE 93 w A X2 wA §57
Park & Chen(2012) wael tet A&, wS g ek x4, g

2.2.2. 38 g5 T

1) A8 (orientation) & A2

A AL W 9ol WAL ZE bW, BE, AW, AT 5
o g EFFE ovlelt o] F APE ofe RofelM By A

WA= WAL At P A ES Ol

Friedrichsen & Dana(2003)% AFS “H3st < (messy
construct)”olgtal =Hl, ol AFAbEo]l APl oisk Wekst A
o e Al oA Agolgts golo ARE Al ARl ETHY] AR
= BolE EfdsAY 7159 oY §olE Z&5hr] wEol#tar 53l
o 27F AASE AAE 7] T = AFS oheFeiA xdsta
AJtt. oA E 5o “38 w< 70 (conceptions of science teaching)”
(Hewson & Hewson, 1989; Porlan & Del Pozo, 2004), “7]5 4 3¢
4] (functional paradigms)” (Lantz & Kass, 1987), “AAl o]#]#]
(world images)” (Wubbels, 1992), <«xge] #st A7
(preconceptions of teaching)” (Weinstein, 1989) 1281 “34
H (approaches to teaching)” (Trigwell et al., 1994) S©°] Qlt}. d}A]

tl o]g]dl fo]E5 = <A g (orientation)”® “w < 70 (conceptions

50 ".:l:" I 'kl-|- 1—-li [= L



of teaching)”o] st Ao 7H WIRsHA AREE I St
(Nargund—Joshi, 2012).

Grossman(1990) ¢ A} X2 Edeox PCKe Sl 94 35H4
e Al G99l FE T Al JFE e A dYom a7

A3 Quoh. &3 1= PCKE TS L4v T 'nd AEZE st

A9

0.

>

E Ao T3t x]213 Al (knowledge and beliefs about the purposes
for teaching subject matter)'S 7}2x= 7213 #HAFE oA A4S o
I+ 9gks sho] A ofdef] #3H XA, wHHF XA, wg A=k

o] QS mxE= Zow HoUH(IH 25). 1=

HIS EZUMADF 00 NS SBXOR AMsi= O RS 22l Jle
0l EZEX D22, [0l 2= DU SEE 2 1o MEe
42 9I5h oAb ZHO| MY KT 22 A2 BICL WA AlES

UAIRE TN, DHAI, Shed EOLOI CHEH BtEtel JI=E MBSt (p. 86)

23t LI X[ A At m S8t K| Al

(Subject Matter Knowledge) (General Pedagogical Knowledge)
A A
A 4 A 4

Pedagogical Content Knowledge

wut X =8 flet =5 719
(Conceptions of Purposes for Teaching Subject Matter)

SHAY O| 8 Off EHSH K| Al
(Knowledge of Students’
Understandings)

A A
RSP X4 A S Al
(Knowledge of

(Edincuiat Knawlssge) Instructional Strategies)

A
\4
A x| 4]
(Knowledge of Context)

a3 2.5 ZAF X2 249 (Grossman, 1990, p. 5)

¥ =
51 A =]



o]x % Grossman(1990)°] wFAFS w3 Lo wS HZH
ot Al o % wigbd 3 Aok vhH | Anderson & Smith(1987) &

1ol Al PEAA ZFAAL o5 A @FREE I

=

N

<
T
}2] A&k (teachers’ orientations toward science teaching)’%

shgal wad Abngl AEO QwkAQl FEn(p. 99) 02 Fols

=
4
S~

Magnusson et al(1999)2 38t w+E 23k PCK EElofx <u}sh
w5 9lsk A& (orientations toward teaching science)”(p. 97)¢] 2}
ol & AMESIY. 252 ATE “54 shdoA st 7FEA =
EA 3 H3pe] sk A A3 Adr(p. 97) 0= FoFTt. o] EdeoA
2 Grossman(1990) o] EEy} wpxb7x] 2 AN A QL Q] X|of glo
, B Ul HA e aEel dFE v sAC UE 8AFY 9%
W= Ao 7 A Ett (Friedrichsen & Dana, 2005). Magnusson et
al(1999)>  Grossman(1990)2] “w4  7I'd (conceptions  of
teaching)”= Anderson & Smith(1987)2] “X| & (orientations)”S. 2
wASFAAE A FA] g, wSsHY A5 wIA L AR,
A ot il x5 ugst #Ed qAEA S ddske oid
A A% (conceptual map)”(p. 97)E AlFdtha 3fof, A3

Grossman® A= w21 YS5S HoFUTt.

rlr

)

H

tlo

AM ¢ T gE5 s, wARS AE, 7HA Fo] F9E

52 A 8- | &)



2) ATHONA ) T BEA &

Magnusson et al.(1999)-& &3} o} 2 pC

P
T

i

= AlAsI T (pp.

goll vhel F3stn

100-101).

gletslr] fafiA = REEA] W
pdafoF sttty A|ekE tH(Friedrichsen et al, 2011).

ol&

o, wARe] A 4,

>~
ko
[Py
il
S

4 (process), w4 €4

(academic rigor), 2™ 4 (didactic), 7§ ¥ 3}(conceptual change),

g% A&k (activity - driven),
(project - based science), - (inquiry) Z1¥]al

inquiry) o]t} X%

WA (discovery),

ZZAE 7|9k 78t
ehfl® & (guided

Ao FsHs Be wrel Bl

1.
g =l #o] 9l wH (instruction) & EAES Adata gl
o

. ol s wAPE &85t 54 E5S 5ok Zlo] ofYE
wAFe]l #3Er wre] #ek HAY EH3Ql, #E w4 ko] 7 s
oj@dz W=XE HojFE= Zloltd (Magnusson et al, 1999).

E 2597H4 AT

(Magnusson et al, 1999, pp. 100—101)

x| 3F et W E3E A & (Instruction) & &4
7 sty =2 "7g J;’L/‘JL st S A A= 7];]” 5
(Process) g 7)% (science | o= T WO JJFELZ} 92
oy | LS e S B
process SleS) ‘/l /‘]'_ﬂ 7]%3,/]_ /\]__, J/]_Z‘]‘/] %%%
(e} 1
HEE 9% BEel Fojgtrh,
(e.g. SAPA)
st 44 2ol 54 A | FAES oHe Al d5o7
(Academic £ %3 EAS weEr A¥y Ade 54
Rigor) (e.g. chemistry) ME dAF Atele]l #AE dSsh
(Lantz & Kass, L g Aew
1987)
A A A AR S A | 2 e Ao EES I ARE
(Didactic) Fig= AAstaL, SAEAA Fo4z A
2 YA ARdE 4 Qe A
S0l @8 F = Aot
53 o 21



M Wizt shEol 7EAI QL | Al digt s dds 29

(Conceptual v AVl =4 | sl =Y UA g & oiekd A

Change) T ode AEs | 9 Adde AdEA @ wAke

(Roth, g ForA | B FEE Fske b e

Anderson sk xAle] WS | B0l B2 S =3}

Smith, 1987) SR e

g5 AF A Ang 4| e g Es wEs 99

(Activity - A0 AEAR | nands—on’ BE bR mAbH

driven) oA Rk hands— | =ga gwe) mAg olset %

(Anderson on 44 33 BEo] Zos =Wo Aeks

Smith, 1987) Ad #AEsA FAsE A5 A
g8 P50 A¥dow AudA
e & 9l

e Sl 25w [ A £, SASS 1E A

(Discovery)
(Karplus, 1963)

5
A A (authentic)
A dig 7=
A & g,

B wet Ad AP GBS
3, o] AAZY ofRA AE A e

IEAET|

w5t

(Project—based
Science)

(Ruopp et al,
1993; Marx et

kAl =] A A
(authentic) Al
st AaAS A
st o g,

TR2AE FA. wALSE g dE
M 428 Fx3leta, s F
A oA &5& ol gAY E
FH A 715 & (driving
question) & FTA O Z 3t} FAE
3l FAES AMEA oldEE o

al., 1994) Ao AaES st
By g2 A0 #et g A A be st Eo] wAE
(Inquiry) =3

(Tamir, 1983)

e g

(Guided
Inquiry)

(Magnusson &
Palinesar,

1995)

53 #Hst &F
(tool of science) 2]
ALE-3 A-Esk] =
24 AAE oldllst

1A% AYs T
FoHe o5 FEA

oX, il
o
i)
X
ol
1o
M bt 2 oX (i o rlo

o AgsEE FAEY

weth

B )

=]

o

O
N
Ml
)

2

t
-
il

o X

A 9F Magnusson et al.(1999) 2 A& t-& PCK 2459 A=

wdg 5
A AL
= SR

o4

gitks ZbsAel el FAstn w A deEs 97}

bae %3 U QAT Aol FAF B



Friedrichsen(2002) 9 A] Magnusson et al2] 97}A A&k} &
sto] @ 1A =dks A= olE Y sk o 2ok A,
Magnusson et al°o] 574 XS &) 1 E oz AAsE e
=0l wALe] A7 (thinking), 53] %8t wFE 918k wARS] HF

I F3Eel] wek @Agle]l WAk ARt 2 e g Sl Ao

A7 WAL Ase AoaA AWelA Felw ks Aol o
=

E‘ -

ofvel 72X Z3 ddd F 9 dnbHd AFS 7HHAL vl
B gk v, wARe #ek W il
I SAS F flae BodFe BEA A7 Aol o] gl

T 97FAE] A Fe] Z|wte] | a1 EHE Alolo M A& A es

n
>
o
tlo
o
rh
R
o
af
=
[o
off
:CI>1:/"
>
bt
i

A BAE F oF 60%7h o9 =S Fzw UL B o5

HHslo], o] 52 A S A= Add AdY JEAZ By IR oA}
44 AFogE ARbetl=dl, ¥ wl 54y Hxe] sk Ag
(beliefs about the goals and purpose of science teaching)’, ‘¥}38}2]
23] sk A (beliefs about the nature of science)’, *¥}& w3t

&oll &3+ Al (beliefs about science teaching and learning)’¢] Z17%

55 A= ‘_'-]i =1



o]t} (Demirdogen, 2016).

2.23. F3 O ZRE S AAA

PCK+ Fdolgte wAke 53 Add 7vks 5771 wWo
(Tytler, 2007) A&7, AHd4 A2 o]
3l Azl o wdsh= (A S, 2003) 9 A
o] a3k X]Q"]‘?(Magnusson et al, 1999). o]#]3t wA}e] PCK=
oA A, A, ol F A=Al A= A
A7F Aol gtk skAlRE PCKell digk 7id 2 Qojdy ol& 438t
T 94, a9 o] @4 e 4EAEg 5 PCKe #-ld das A}
ol9] o= s HA &S AAF Bl

olF FHsly] 9% x=HoE JHHUH 1, 22k PCK A72=9
EoolAe wAre] AEAAs d9yer] e RdE CM¥) RCM=
AletstAtt, stu S AolA PCKE @A gosta wiets 7l
o} #date] AAlE Hale] Bl RCMeOlA Albasta Awstka 9l
e T & AelA FESA ok vbe vl 7 7FA el &)
e o wAlb A7 wAF 52, A2 5o s5ERY gkt
o7 el wAabEel QA FfEI AEEE #etusE s
cPCKe @Al 7dth= F4olth. t& st wAke <shA, 28t
8ol 24, mAFY 9 Foll #E AL

v

Yoo
)
¥

Ty
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WA RCME A 439 PCKZ wA} 74918 o)A Awati 9

ok AR WAL By AR wEs fleiA wAbe A Abd

= obyE gy Aol sk oo AR deAgs A

detar, 1 FAeA o ol WA= AT AIFHEo] sl :LE*‘:}
s 2] S-tf) &)

1o



Wl AR A)Qle] AT Qi

Foj gk

=

woRkey wAPE A HA e

)

[
ol
)

+
)
Th
el

0

Jo

ﬂo
o
oV

i

ay

& o2 RCME A &3}

A% RCM

Zte=n. 5

=
=

Toll

J)

B

ol

B

w7
-
B

ol e % 4ol

T
R

ol A

o

WARZE A}

b 45714
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71 g8l 7Hd 9] A8 Magnusson et al.

S
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2

oF
Ho

WA E I PCK

3. A1

B

Tor

ol
N

o)
4

o

o

ol

)

= WAHESEeE 4

b A (Hargreaves, 2001), 25w A7F 3389 Ao o

S

2l

AF

2005).

j—

™

T

s
H

wA
n
%

¢+
g

T 7pgel 7
Aol 4qle] A<l

o

=

g
AR AbA ot (Lumpe, 2007). what

A7

WAL7F

1

, 2004; <

Aol A Hl
)

<
P el 2

o

T—

T

3} o]

2008; A5} v, 2016).

2 WA}

O

o]

1

o]
pal

ol

’

& Ath(A A, 2013).
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Abstract

The Role of Teacher Collaboration within
School and the Meaning of Science Teaching
Orientation for the Sharing of Elementary
School Teachers’ Science PCK

Chaeyeon Shin

Physics Education Major
Department of Science Education
The Graduate School

Seoul National University

As the importance of teachers’ roles and ability in science classes
became known, many studies related to elementary school teachers’
expertise in science classes were conducted. Pedagogical content
knowledge (PCK) is a unique knowledge that separates teachers
from content experts, and is an important criterion for evaluating
teachers’ expertise and practical knowledge that teachers should
have. This study started with the question of how to develop PCK in
school, which is the basis of expertise in science classes of
elementary school teachers. Many researchers have suggested
teacher collaboration, a social interaction between teachers, as a
continuous way to support teachers’ professionalism. However, little

amount of studies has been conducted on how PCK of elementary
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school teachers participating in collaboration changes and how it
affects their science classes when they share their science PCK
through teacher collaboration, which is a social interaction of learning.

This study is a qualitative study that examines the role of teacher
collaboration within school in the sharing of science PCK among
elementary school teachers and the main components of PCK that can
help to understand the science classes of elementary school teachers.
Series of case studies were conducted with the main research
participant, teacher ‘A’ who is recognized for having expertise in
science classes. In particular, this study tried to uncover the meaning
of science teaching orientation (STO) by observing elementary
school teachers’ science classes focusing on STO, which is one of
the components of PCK.

There was a total of three participants in this study. Observations
of voluntary teacher collaboration within school (teacher A and B,
teacher A and C), observations of their science classes, and teacher
interviews were collected and analyzed as the main data sources of
this study. This study aims to understand the practical aspects of
teacher collaboration within school, to identify the meaning of STO
as a PCK component that characterizes the science classes of
elementary school teachers, and to explore the role of teacher
collaboration in the sharing and development of science PCK of
elementary school teachers. Accordingly, a total of three studies
from Study 1 to 3 was conducted sequentially and progressively.

In Study 1, the fifth—grade ‘movement of objects’ classes and
teacher collaboration process were observed and pre— and post—
interviews were conducted for two elementary school teachers (A
and B) who practiced teacher collaboration for science classes. Study

1 also collected various types of data, such as student learning
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outcomes and class observation journals. Using the collected data,
factors affecting teacher collaboration were analyzed. In addition, the
characteristics of PCK sharing among elementary school teachers in
everyday teacher collaboration situations were examined.

Study 2 was conducted in attempt to answer a question raised as a
result of Study 1: Which PCK components should be shared among
elementary school teachers for the development of science class
expertise? Based on literature on PCK, STO was assumed as a key
component of PCK that characterized elementary school teachers’
science classes, Thus, the STO of elementary school teacher A, who
had participated in Study 1, was analyzed in depth. His STO was
examined by dividing it into three beliefs—belief about the goals and
purposes of science teaching, belief about the nature of science,
belief about science teaching and learning (Friedrichsen, Driel, &
Abell, 2011) —, and the relationship between the three beliefs and the
STO of teacher A, a complex of these beliefs, was analyzed. This was
accomplished through conducting pre— and post—interviews and
observing the fifth—grade ‘motion of objects’ and sixth—grade ‘Light
and lens’ classes. In addition, CoRe (content representation)
response sheet was used to explicitly identify his PCK for science
classes.

In Study 3, based on the results of Study 2, the change of the
colleague’s STO and science classes when a teacher shares his STO
through teacher collaboration was examined. Through teacher
collaboration between A and C for the sixth—grade ‘use of electricity’
class, changes in the three beliefs constituting C’s STO and how
these changes were revealed in his science classes were analyzed.
This was done through collecting data from observations of teacher

collaboration and science classes, and teacher interviews.
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The results of the three studies are summarized as follows.

As aresult of Study 1, it was found that elementary school teachers
began teacher collaboration based on their unique teaching culture of
‘identification’. In this socio—cultural environment, the trust in
teacher A’s expertise of science classes, that is, ‘collegiality’ in the
presence of trusted colleague, promoted and sustained teacher
collaboration. However, differences in perception of teacher
collaboration and the individualism and non—interventionism over
teachers’ classes in school have been identified as factors that
hindered high level of teacher collaboration and sharing of PCK
components. In addition, insufficient time for teacher collaboration
limited the sharing to general pedagogy knowledge for science
teaching such as class contents, student activity methods, and
teaching strategies for inquiry, and immediate knowledge for a unit
class such as the science teaching strategy knowledge among many
PCK components.

In Study 2, as a result of analyzing the three beliefs constituting
teacher A’s STO, it was found that these converge into one STO of
‘experience of inquiry’, and that teacher A selected and organized
other PCK components based on these three beliefs and his one STO.
This revealed that the key PCK component that characterizes a
teacher’s science class is STO, and therefore, the teacher’s science
class needs to be understood based on his STO. It was also found
that STO of an experienced elementary school teacher, who is
recognized for his expertise in science teaching, is based on the
nature and goals of the elementary science subject.

Result of Study 3 showed that teacher collaboration can play a role
in mediating the change of STO and science classes of elementary

school teachers. During this change, ‘collegiality’, which is the trust
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in a colleague, was an important factor in promoting and maintaining
teacher collaboration. The sharing of STO and other PCK components
through teacher collaboration led to changes in the science teaching
and three beliefs of the STO of a fellow teacher. This reaffirmed that
STO is a key PCK component that influences teachers’ decision—
making related to their practice.

Based on these findings, the role of teacher collaboration in sharing
science PCK and changing science classes in elementary school and
the implications of STO, a PCK component, are as follows. First, as
STO is a key PCK component that characterizes the science classes
of elementary school teachers, efforts to understand and explain
elementary school teachers’ science classes based on the teachers’
PCK need to be centered on STO. Second, the long-—standing
traditions of elementary school teaching culture, such as
identification, individualism, and non—interventionism, which
influence the science classes of elementary school teachers, can be
overcome through teacher collaboration within school based on
‘collegiality’. Third, the simple accommodation of a specific PCK
component without understanding how it relates to STO and is applied
to classes can make selecting and organizing other PCK components
and performing the proper role of teachers in science teaching
difficult. Fourth, the personal PCK (pPCK) and enacted PCK (ePCK)
of elementary school teachers are transmitted as shared PCK (sPCK)
through teacher collaboration, and a cyclical process of a fellow
teacher accommodating pPCK and ePCK by applying these into his
classes was observed. Therefore, it is necessary to promote teacher
collaboration within schools, which can help to share and develop

science PCK of elementary school teachers.
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