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The Significance of Teaching Practice in Pre-service Science Teacher Education:
Focusing on the Integration of Theory and Practice

Takuya Ochi

Abstract: Teaching practice is a core part of pre-service teacher education/training, however,
in Japan it is not regarded as an important activity compared with foreign countries because of
the short period of teaching practice in Japan. The aim of this study is to explore what is the
significance of teaching practice for science teacher education. For this purpose, first, the author
analyzed previous literatures about teaching practice. Second, the author investigated how to
integrate theory and practice from the international perspectives. As a result, the author found
that integration of theory and practice has been emphasized coherently since the early 1950s,
and the integration in teaching practice was important for prospective teachers to learn how
to enhance their own teaching competencies toward continuing professional development. In
addition, the author pointed out that CoRe, which is developed to explicit teacher’'s knowledge,
is quite effective to conduct teaching practice using pedagogical content knowledge (PCK) as a
framework.

Key words: science education, pre-service teacher education/training, teaching practice,
integration of theory and practice, pedagogical content knowledge (PCK)

F—7— FHREE, BEBRHEE, HHEIE, ML FEEROMA, pedagogical content knowledge
(PCK)
oIz ZREHATVE, TOL) HRRAOHT, BHEFEHIC
BT, HFHEEAZE LT, HEEFEIFERRES
SPI29ME IS AT S 7z BOR SR AR 0 — BBk (3G LM GO0 R BETLLENH L, TD720, Kk
BHEA, 2017) 12k - T, KT V74 TIHERZFRA T, FRICHCRHEE (BB \CBIS AHAEFER IS
VY =YYy T EOFRAREBGE) O B 2 BRI HL, #ZEEAOERIIOVWTHETHLIEEZHIW &

OWFHHAEO—FRE L TRET S Z &hvigs %o
oo TOZEIF, RRBTHE, BEBREF O
BT, BRHREZBUT 5 2 ENE0hh b el

A, PR S 2 WS B s S0 —
ELT, DToSEZRICL ) #EE 272,
WARH MR (FERREHE) . AREOK—E,
PRERE, RGN

L7z
ARFFETIE, T3, FAEOE R Kk %1C

ED LX) BEHROL L ITHHEEE #ﬁbn%%tm#
%, MR & EEOBA L V) B E LIS L,
WIZ, 19804EACLIRE, Bk H ShTw b,
Shulman (1987) (3 H il %2 2 M358 (knowledge
base) #EM L, TOHH L L TPCK (pedagogical
content knowledge) ##H b HEM L TWwb, €I T,



Y

RS - AR O PR O B R RFIR 2 U S %
BEBEOHEEBRMAGOYMAGDOERIZOVT,
PCK ZHefilAa L LTtk s 52 2@ L T, M
HERICB2HEREOBERII OV TG L7z,
%B, HHEEBIE, ToOROOHRERMmOH
WA TIIEE T NDDS, AWZE T, BIEHER%
BLVDbW L ARERZFLE LTHN L7,

2 ﬂﬁ%g a)luo\

kL (2001) A% [HEEEOD Y I, HKHKEZ
NHEOD Y 72 MIICKBT 5] (p. 1) LIRHT
55900, HEEHEYHBIHEOML LTIRLD
nféfw%oﬁﬁﬁmﬁﬁ_kwfﬁﬁiﬁub®
IHIEBENTOENTELZDES ) D

HAZEREHS (1952) k2 [HEEHOF
gl T, HEBRRHBEEREOYAZ, HEIHIH
HITBILT, RFECTOHBRFOEY CTHALZILOR
MEESZRFHETLILRDEN TS, 2F D, K
FTCHRARFHEERTOXLRTED X H1Z#s LT
W DPERZEIFRDLNTVWDL I bbb, &
7o, #EE LTHICHITIREEMEE LT, (1)
RO, (2) #EfE, FNEEES, PRITES
OFE, (3) EIHIREL FHRORE, (4) FREY
PTA{GH), HALSoOWEB X O, (5) Hhlio
¥, BBRTONTWAED, Z095b, (1) #HFo
BEIL, HEEH BT R WLEETLLEZA]
(p. 23) THY, HEOI/EIZOWTIL, [IHEHE
REFOMFME LTI, BMLVHCKE 2R
T, LEVICHEEM 2 R LT boTh bS] (p.
23) LRI NTVS . WHEFEBIIBI 2 Ao F
BB ROTEEEDWE T S RV 5 I T
W5 LIHFETRENTH D,

T/, BAREER S 1979) 12X 2 [HEHEY
OWgE]l TIE, TEEEBR, A IEEMN OB

e FrTeRl, R¥ETCINTETITHEHLE, £
RABRBETATHA D 2 L35 BB THEEBIHZE
THZENRLPLELRLHETH L] (p. 11) &
fshTwad, 2T, HEEYED, HHEEHD
B KFETEALE R EHAT 57200 CTh <, #FKRE
V) EEOBORTHBARVFATRLREZ L%
PRI T2 2 ERDOLNT VD,

UboXHig, BEOHFITE, HamsEEKO
MERRADBELTHEBES TR TWS (H4,
2001 ; HhoRBCERHS, 20125 Bl 1972 5 SCERA,
1969, 1979 : HAZE K¥F W2, 1952, 1979 @ &%,
2010), %z, ML EROREVPEMRINTE D

o
H

Fhil

M, [BEBROZZDDOEEFEE DD D JIZoWT]
(A, 1969) 2BV ORLAHEFERHOERO D
Tid LCEVRIN TV A,

VeI BIR & F218 & O AR 437 BIFR D A2 IKT
LTWwd, HEAMICSSZ o2 WEEEKRIZH S
LHMERLETLTHA ) L, WITEENLREZ
WA 52 e LI EEM G 2 2 2R EiGIc L
EEDLI LB DBIEHD . (hI) BAEERET %4
3, TNW I, RFPACTHEG LG L &
kbf?%%kﬁ%&b,ﬁﬁﬁ%»ﬁﬂumm?%
CENTEL LY, HATHESNLZITNE RO,

(B, 1969, p.5)
2F ), HHLEEOWTIIrOAE, HDVIL,
ZNENEZPVLL THIIOITHDOTIE AL, Ihbzk
HRRMNICHRE SELLENH LI L, BT, HEE
BIIBOTREERAIT) L 2B L CHEER A
MER L EERERAL TV ZE, & RkObND, T
7o, HERE (2001) 13, HER & EEORU S, HEE
M, MIFREEICOWT, HHEEHZEL Clikd 5
CENHFEBEIIIROLNDL I EEHHL TV,
INHLOTLEMLT, HBEEFLALD, MR
LEBARETILENDH L0, EOLHITHAEL
TV DOPLN) T LE2EHRT LI LVUETH 5,

Pl afEiibl, UHEFERBEZHLLEKTO
BEROY L LTRDOOLELDTIER L, K¥ETHAL
lE, HEEFICBCT, Wl LTHEBRMICER
ICBWTHEML, HETOREDLIRISEIE ST
KOPEFERZEIRDOLN D,

3. BREREOMENHEALLTO
PCK

HEHFEB BT 286 L EEOMEG D70 0B L
LT, #BNELBEZEORTOMGL, FEEIHE
L HEP DWW ik TH % PCK (pedagogical content
knowledge) (Shulman, 1986, 1987) % A5 CTIiLI
D EF%, TOPCKIR, BHT 7a—F9oH#kT
Tu—F~OlElf (g, 2015) ®, 7H7 v ¥ s
FUZALET AT IZALD2ODHMGEOME (5
I, 2001 ; Isozaki, 2018; Isozaki & Ochi, 2017 ; =AY,
2017) HSEE & STV B IRAEH O HMHE ~ DI i
KDO1IDIZ%NH)BEEZBND, ZOHHNIL PCK
EHWDZ LT, BRNELHREEY, S OICHER
ix, FEBEOROTT, HEiHSPRRFL T4
PRICHEDOWTHRET A Z LD 22006 TH S,



PR RS B S H %

PCK &, 19804F 1R LL [ o i # & WF %8 T &
Schon (1983) DM L 72 KA M EE R (reflective
practitioner) D#fiffe & HITKEL#TEE %o
W5 (Gess-Newsome, 2015; Lederman & Lederman,
2015; Shulman, 1986), Shulman (1986) #% [K¥% L
72735 % 4 & | (missing paradigm) & L T PCK @
MEZRE LTl chETicd, ZoMBUCET
5% DEFNVHI/RENTE 72 (van Driel, Berry &
Meirink, 2014), 201241012, PCK (2B L CHEIEM

FERRRD B 5 225 O HFLEE ORI B2 L 72
PCKﬂ‘: v MOSEfE S, 1SR T X9 % PCK &
HLE LT, #HMOHEMM R - A XV EET IV
Tk L7z (Carlson, Stokes, Helms, Gess-Newsome &
Gardner, 2015; Gess-Newsome, 2015)

BT 2 R IR
FFELC kgl be HEMEC EHEC au
BT 5 E0E Eaili} M S R MY SEE o
Iy X
¥ ¥

» R E 2 o LT AR
L rwh Jﬁt AR
S EDMAT - BEOMN - 14

o aRR—
B, S |

X1 HEAOZFEVEE - AXILOETIV
(H88 : Gess-Newsome, 2015, p. 31, Figure 3.1 %R
HU )

COEFNVCE, HMOTMY LA AF L
%, [HACH MR 2 A% 2ERE | (teacher professional
knowledge base: VAT, TPKB & Wgat) OfiAH, [ hE v

ZIZHL L 72 5P H1E% ] (topic-specific professional
knowledge : BLF, TSPK & W&it) ofitl, BX O
[HETOEE | (classroom practice) DA, @ 3
OOMME, ETNSEBEST S [HAEIC & 2 Wik &
7 4 V% —] (amplifiers and filters), [ZEfEICX B4
lRer& 74 v —1, BIXO [HEHEOKE] (student
outcomes) 2 HHE ENLbDEINTVE, DD,
[HETOEE] OPFTHOPCK ZHLE LEND, &
I ASFEO HIFRIEEAT L D X 9 [CHE TOEBICH MY
5070, EHIT, HM L 2 HREBHOKRL LTO
[HFEDKE ] 5, TPKB X TSPK 7 & O #fili o i
FER THMiOEE] 2 ThE] o X9 HRHZEIC
T BRHEANE T4 =Ny 7 ENRTWLLbDELT

HOFRITHT 2098 — Bl & EEROMEOWMS, S —

2o TW5s, $72, ZOHTPCKIZ, TPKB %
TSPK ASHHY TICIRICHE SN WHIERTH 5 D12xt
LT, HETOERICMEOT Sh, HiMoEEISE
KHESGT EHNZDOLLT, UTOX)ICERSN
TWwa,

HUEDFET R D D120, FED I 2
%, BEOHERZHCT, BEOHKT, BED
K LTBIRT B0, #Harl, BER
S DA Td B (15 ’90170)%‘$ HI7RIY)
SEDET R ED DT, FED Py 2
%, YREDLFER T, ffv*fﬁtODHW’C, D
K UCHIZT S1THTH D AT\ bBIS
(Gess-Newsome, 2015, p. 36: &b - FE5MIE I #LIC X %)

ZDEHIC, BETOEKOLROHT, Lok
I HAHKE AT, EOLHICEET L0 % B
T 570, HintEERELMAET 27200 lAL LT
PCK ZHWAZLBHEMTH L EEZ BN,

F72, PCK I, ZOREERE & HI2FHEL TS
Mk CTh o720, BHEERBEBRBEOFEIIBNT,
PCK &, 1ZE AL, Hr0EEIRFEIATHEW
DL LTIZ TS (Hlz1E, van Driel, Verloop
& de Vos, 1998 ; k- A1 - BKH, 1991) —F T,
%’Iﬁfﬁ’i’ﬁii)@:bto“(}ﬂiﬁﬂ‘é bOELTIRZ DM

513, #1213, Loughran, Mulhall & Berry (2008) i,
ZOPCKZDbD%WIET 5D TIE %L, PCK &
AL LTHWS Z L, BEHERUEERROFED
[R5 2# 252 L2V T (learning to teach
science) T DICHRTH S k?"‘i‘ﬁﬁ’éﬂ“(b‘éo

PCK % Fefildr & LT, #HEFEBATHE L EK
DA TS 720 O BAKK) % Jiwg & L’C, ﬁJxli,
B SPRFEL T2 3k, & 0 by PCK 25§
5720 OHMMME LTI S N7z CoRe (Content
Representation) (Loughran, Berry & Mulhall, 2006;
Loughran, Mulhall & Berry, 2004) #{EH 35 Z &%
HTHrEEZLNL, 2D CoReld, T3, L
DHICIIBNWT, ZOPTHZ X EEE L P18
& (big idea) ZHNZEL T, FLT, WIELZ
NZENOBERITF LT, RLIORT &5 2EBBHIC
HKATWL, 2F ), ZOHMBEAORZLZEL T,
BEORABESICH LT, EDX ) IRERITEY
ETL0%, HHVIIIERIT) DITHMA YL
NREFOMHEF-> T 200%KE L, HR{LT S
ki,

L72H5> T, HEFEHEICHLTCoRe VAT



%1 CoRe DERIEH
BRI
O ZoMECELUmMEAFICFEELY LBEVE

T

@ TEZOBEEMDZ ENEEICE > TEHERD
M, BrEERLTIEES N,

@ ZoM&ICEAKLTWSEZET
HZROVARIETH T30,

@® ZoOWEEHEZBZLOMLE,
ZTF&EN,

B ZoMEEHZDEEIC, BEERETAEEDE
ZHF TP ->TNDZ Eiddh 0 ETh,

©® ZoOWEEHZDLLITEEERITTESE MM
HoTWDZ Liddb ) £90,

@D ZOMEELEDOLIRIEFTHAET ), 2%
DB AZENTLZEN,

® ZOWMEICOVWTELOIEMRGLE & DX DI
WLETN,

BRI AR

FRA DV TH

(tH i : Loughran et al, 2004, p. 376, Figure 1. %R
HL7,)

LIZE T, A HZ LD & LT LRI
LT, EEOL T4 A ARIRETTNE, FHt o477
IC, HEEHABEDPEDI)ICHZITVDEOH
% PCK 2l LTHRILT 628 ER 2, 20O
CoRe % B EHEDOIEIH W2 BATIIZETIE, %
SRS REDHEE, LD X Btk RICERIC
AV A ERETSE5 2 LT, FiEoR#raIci
T LB EFESRT EICBN L2 L s
ENTwb (Cooper, Loughran & Berry, 2015; Hume

& Berry, 2011). %7z, CoRe ®EMHEHE 21X, 4%
R RICRR T 5, HOTBIRALEM, $REE, FHH

WA LEILETAHIS DL VI EDEHTE S, 0
ZLE, HEEBREDFRIER AT HERICEE
THNER, PIRTHRFIM ST LICEZ LI LS
THEE 72 Do

PlbtoZtz@szsbl, HEFEF B HGHmE
EEREHEGT 572008 mE LT, CoRe x W52
LIZX 5 TPCK ZMlA L Lahs, BHEFRBEN
% ZATVWDDY, TOWNELMETHZ LD, K
WaTIAENTH D EE 2T,

4. PCKz#A ELHBEREED
FUODOAERORE

(1) AEOBE
PCK Z Ml & LTIHWD 2 EBHFEZR BN
THME EEEZHRET LD, EDXHITHADTD

B EMET L THRIZV. BARIIZIE, Ed CoRe %
VD 2 EPHEEREOFEVZRZL720I2ED X
IIEHTE 00" L7,

SERR264E BEICIE AL A REFIZBWTH - BEERO
WEIEH (FR) 2Z# L2400 blsgiage
LT, ZEEEBOWMBICTLH#AL (8~9H) BX
KX MRAE (10~11H) 247-72" WHRE oMtz
&, BT (convenient sampling) M L7z,
FUMEL RA MR E L CREZEON0IET
% (ID1~1D7) THo7ze BHIIX, HEFEET
A3 2 (L7z) Huca®IRL, FLEe KA bl
ECTH UHILICOWTHET 2 2 L %Koz,

AL CIE, TV KA MBS B 50
BN OZAD S, BE TR ADEE T %8 U
BEALEONEME L

B, MESMBEOME R TT7 4 —ViE, 212

R TH b,
*®2 WEZMEOIOT7 -

LA
FHA

IR L2

hER s 1 B
(2) HoREY OWE
v OREEZAL

i
Tt
¥

e

TR 1 oy B
(2) HomElY OME
A KT

N
s
Tt
4
3 +

et

PRI 1 5By
(2) HolY oYE
A KR

EX7)

RS 1 4y B
(2) ol owE
7 ORREZ AL

4 mEEW e

A g

AR 1 o
(2) okl owE
A KK

G}

PR 2 4 B
(3) B DAENE & DI E
A BMDOSL Y LIFEHE

X7

PR 1 40
(5) B L = KL% —
A D= R ¥ —

Wy

(2) ¥R

9, MROBMEEZEIITRT . K3IIRLZED
2, HEFEBESRE LT, HEFEE DI T CoRe
W BRI ARE CEF LI F SV, 0%
LTI, BATIFZEIC 35\ T 38 A R R il
D PCKHBRFEETH D Z LRI IN TS LI 1T,



BMHEREIC B 2 HHEE OBRICH T 207 %— B & EEROMEOWEL S —

#£3 HEZEDH ST bigidea DEE Zh ZTh DRI T 5 big idea 1 D& 7= V) DXEH

BLRINID 1 2 3 4 5 6 7
big idea D% " ! ’ > > K !
5 3 5 5 4 10

1.00 1.00 1.00 1.20 1.00 1.00 1.43

v 1.00 1.00 1.00 1.20 1.00 1.25 1.00
1.00 1.00 1.00 1.00 1.20 1.00 1.14

@ 1.71 1.00 1.33 0.80 1.40 1.00 1.00
0.75 0.25 1.00 0.60 0 0 0.71

o 0.43 0.40 0.33 0.80 0.20 0.50 0.20
1.18 1.00 1.33 0.60 0.60 1.00 1.29

v 1.71 1.60 1.67 0.80 1.20 1.00 1.60
0.09 0.25 0.67 0.20 0.80 0 0.86

© 0.71 0.40 0.67 0.80 0.80 0.25 0.40

0 0.25 0 0 0.20 0 0

© 0 0.40 0 0.40 0.20 0 0.10
1.91 3.50 2.33 3.20 2.40 3.33 4.14

o 2.71 3.60 3.00 4.20 3.80 2.00 2.20
1.09 1.75 1.00 0.80 1.20 1.00 0.86
1.00 1.80 1.00 1.60 1.00 1.00 1.10

Rit  RPoO BRI VRAED, TBRIIRX MRAOFHHEERT,

HEFEH 2B T, CoRe DR IZEZANH S
MEIEORZRILTVWREVEVN) TEHFEZONS,
L Lans, HEFEEZEL CGERICERIR SN
72bDbdHotze TOPTHBMINBRERENDH->72HD
WOWTHITL, HEEBEPEELEB 2l L THA
122 EDWNFEE, PCK OFHAD SHETT 5,

T, (OZOWMEEHAIDL L XL, HELRITT
HEREDEZ T TP ->TnBEZ EiEdh) T30 &
WO BIVIZH LT, TUHAETIE, 3L A LT
SNGholzbon, KX MREICEWTIE, &0
W2 R T WEIT RIS &, AR RFER s S
NLE) oz ZO—HIE LT, £4I12ID1, %
512 IDAD D —E % LT ISR 2,

ID1 (3£4) &, WHEREICBT 2 WEOIRREIC
ODWTHERRED L) BRA A=V 2 o TV E %,
ID4 (£5) &, MAEHOWEOEREZILTLED
7o, AFEIRIREZ L MR OMRE MRS 5 2 L8
L Lo TnAZ LARMLTEBY, KEHEE @
UC, AfEDFAME SR AFEAER AT O W TR
WKL AT LR EIZDODVWTHEATWSEZ EDbh b,
DF N, HEEYER, HFEAOPCRBELE (4
EOWR] #FEBLLTWEZAHILITE-T, ¥

x4 HEGICHT 3EBRAENELDO—F (ID1)

T bIN

big idea WRICE W TR E E JEBIR LT Y
boTWD, (FAIZEWTIHEREL
WERELY H->TND,)

Ak U ON

AARNRE  FZEFKBKICFENTV L RER L
ERTHMD LI, FLVHST
WD LW X DT, BlAITEELTY
LE9A AT EH S TVDH AR
PEDE,

x5 HEGICHT 3EBAENOELDO—F (ID4)

oo REZAL

big idea IRREZAL TIRBIE A LT 2 03V &L
AL Lewn

7 Ui BEEITBRE KRR LR D

RAMRE AEFILOZERDE, REEOME
DEREZ RSO TIE R, REBED
WE DB R R DB H D




ERUET DRI, PHISNBAEOSERETE
N HoTVL I EDPHEINS,

WIS, [@Q%EZOMEEHE I EPAEREICE ST
WEZOHP, ZEZETLBLTLZS W] ISR 5 H%
DERERT . TOEMICHLTHREERIC, 7Lk
TRIFEALTRBBR SN L o72b 0D, FA MH
FIZBVTIE, TOMEEEIZT 2 LEI D 5 HH %
& BRI RRR A RO ND X ) Ik o T TD—F]
LT, UTFo#6121ID4, 3712 ID5DHE D —ER
ZIRT .

*6 HEOICHT 3EBAENELDO—F] (ID4)

e INICE (4

big idea RIBZEAL TITRBNIL A LT 2 VR R
ZAL LR,

7LV FEBERICR 2 2WEOREZIITIFT

WMENRELLTND LT ZIT<n
N,
ZoWEEmo TR L, HOWHEIL
KRB o2 TR CUE N
Loz bnws Z engyinh, £iz,
WREZLZR T TLEHLRRTL RDD
H, MEZEK T TELZDIENTE
LHEMBEIRFHTFOMETHEDL R
P05,

RA A

x7 HROICHT 3RBRATOELDO—F (ID5)

HIE KR

big idea KO P T, WHEITH—IZHBLT
w5

Ak BATKIEIR DO EE &2 R T BRI, WEN

IRIRIEHF CH—1 e > TR TR,
KB DR CRENRIR D Z LIk
S>TLEI =D,

TRV IR O Y B 2 39 BRI VR DS K
KR TH—I272 o T & | KA
DR CRENREDZ Lo TL
FH e, Fio, KFIROVEE %W
T DEE, KB CHEER RSN D5
DERLNIRWNER S BHEAEL S D L
EENRBZEZTCLE EELRD DT
O,

WA R

ID4 (%8) &, WEAKTLLTHRISELZ L
CEkoT, BT D TOLRLVTYWERIRASE LD
LLTBY, NREZLTIIHRREIZELT 227 E &1
ZALL ] SERFIEEHLIEN, WHERTEL
TRAEELIEZMRTELD LFBMLTEY, b

FIII BT 2R RIS L 2P ATHWS I LD
5o ID5 (F£9) ¥, AEOBOFHELEL &H
LEDEHITREL TV 2R @E#T 2Lk -T
WBIZEDbhDb, 2FN, WEEBAE, BHEFEH
THRBRL7: [HEEOFRE] X [HEOIR] 2HEon
T, ZOHITEHX 2BHREZBRLIEDTND I LN
BT %,

F72, [®Z AW T EFEOIRRNE XD
IR L 92 1S3 HRCaRITIE, BRI
LIRS R ENTze T VAT, HZ 255D
FLROAR LA LN o72b 0Ny, BAMIZIE Y
AL 72RO NE L)Xk otz ZO—HlE
LT, UTFDESICID4LEIICIDTOHED—H%
R,

x8 HEHR®ICHT ZHABABTNDELD—F] (ID4)

BT RAEZAL

big idea RIEZAL TR AR E T 2 NE &
AL,

FAS FREIC, EEICRFETAVET—7
v— MzENED

RANHE EROMEEND, BEITELT0E

XL Lo &g, 7o, kL
FETNEHWTHAETE TV DD,
U= = FREMT AN BH
b

®9 HHGIHT 2EBRRBTOELDO—H (D7)

T JIE = R L —

big idea MR LX—LEHT R LE—0
Mz FEHm Rz L X —Ln 9,

7 Ui LRk L,

RANRE RO F VX —BRENZ22ET 5
BRI, I R L F =R il & D
ZEHEBMEL TR R N
W HNIRND T, JJFEHT ¥ —
FaT5EETDEEOKT LR
T 5,

TVUHRAETIE, AARNEEREIRONEr72bD

D, RAMRETIE, %, E0XHIEHET 205
Lol ONE X517z, 2F D, HF
FRENL, BEEYCRBELL TEEORE] (oo
EXRNo, HEOME, LX) ICEHET 200w
VT lE, UG ERERA LN OEZLILNTE
L5ENICHoTVDL I EDPRITE S,



BMHEREIC B 2 HHEE OBRICH T 207 %— B & EEROMEOWEL S —

(3) Z%

Z 2T, M 1IZ/RL7: Gess-Newsome (2015) &
HRMEE T VIO WT, BEEHEN, HEEY
il Ul % 22 A 72D 0% PCK ORI HELT 5,

9, YEEHOPTRBRL - [HEEOHRE] 25
BELTHIRLILICE-T, PHERDERDOK
BERETEDL LI CR-TVE I END, HEFE
BAN, [HEOBSR] 212, TPKB @ [EEICH
T %Mk R TSPK @ [AEGEDO PR ] 7 & &AL
TWAHEEZLND, RIZ, HYDPEERITH HITIC
DWW, HEERHCTREL7: [HEEOERE] 2 [#=E
DOINR] WZHDNT, ZOHEZDEFRICOVTEAT
WhLZEaEND, HEIEEAE, BIZE LS8
BT e EEile LEE2T) Ev) &9
T, #ZAETH MY 21O WT [#AIC X 28RS
74Ny —] @O [Fit] 2FEZETVD LHEES
Nb, LT, HEEHATHRBE L [EFEOBR]
HOERNS, EEOME, 0 X IHHT 2 0 h
L) T REMEREZ RNOHEZ DI LENT
EDE)oTVDLILEEMD & HBEFYER,
BIZIE, IFEHIZANT—% ED L) BTN CHEY
572002, AHERED XD R AEES L TBIRE
NEWH X974, TPKBO [FHEIWCHST LMk =
BHRLTWDLESZ b,

EHIC, TN DM, M7 L2k e LTS
ENBHOTIEARL, IR, [HEEORE] =Rk
ELT, [T#HMICX 28R E 7 4 V% —] R TSPK
LA SRR LESETD, 2F ), HEHE
BB, BHEEHORT, AEOERL W) EEROL
RIS, ZNFTRFTHATE I LZ2@HAI TS
LIZX o T, PCK M 5 AR FEESE 72
BTl %Ll, TORELLAE D LOMEEHZ
O TWAD Z LRI TE 5,

Nilsson (2008) (X, PCK OI&ZEDER & L THE
FHEAGOHEETOREFER LT T D K%
TERLTELILIR, ZOHFEBENERIS, K
FOBERZEL IR 2 A OHETOREFEER LR
BRL72ZEAHHE LTIRBTE 50

F7z, ARWFECTRLAZELEHIC, PCK ZHflA e §
AT LT, HEEBAED, FEOMEy Z2ITRHLT,
BIZAE, IREEZILIZOWTIZET LIS, L3 HEEO
e bR TMaEERsSErZ 28 NTLE) %
[H$E] R, DHHT ANV F =120 THET 5112,
EO L) BFIHTIREL, EEIE2ESSE0N0
L) X9 % [HEZHMZIT 2 M = [EHmICRE
THH] REEREFELTVLD, HDHVIIESELT
Vo 72DPITONWT, WHEBRAEDFATE MR

HETOEBEOIRO PTG T2 2 LAREE 2o
720

5. $HYIC

AT, BEMEEBRICB T 2 HHEEOBR
ZOoWTiE LT& 72, ZOMiR, LT D2 5HaH
T& 5%,

HEFEB R WL 29K TORBOL L LTRbS
HHDOTIE L, RETEALRILY, HHEY
ZBWT, WL TAHBIICHEERICBWTER
L, #ETORFEORITHEIL S E TN Dh%E
FRTLEIRDEND M,
HEEBLZBLIREEBEOLEE R ML L
WCIEHEEA D B L DD, B ERERET 2
OOBME L TPCK 2 MHMALT LI LTI
T, W RO DPEAZTRERFIM &L, Lo
X9 WS ERICERIGETT 2002 BE L
DX nNHHOBL I, YD XD BT TIRE
ATV, EOXHIHHIIT 2 0%, kL ERFAT
WO EHLEMPITE N,

F 72, AREfFETIX, CoRe #1562 & T, HEE
BADPMEFZALZOPEWE T 52 L E2lAhiz, O
CLEELTC, HEEBIIBTDHGHE EEROHBEIC
DV, B ARFEIME 21T o 720 TOMR, &
BEZEDN, FEO My 71 LT, EDLH) R
SHRHIL AT AR EE LTS, B
HVIIER L TV o200 T, HETOEED
TIROFCTHRETHZ LD REL b 2 ENPLNL
ol

(KEC]

RIFFEDIAE L 70 5% 213, HARMBHEHF X565
mAERS, HAMEEERAHSNEEKE, B
OCHARAYEF R ERLHERIIBWTHEE L, £
72, AR THNIH G HERE LD T —71%,
IR [HE OBFE 2B EOBIM AR OMES & 5% 12
B9 20F9E] (R BRFRFEBEHE FTeFH 201545 B2
BLal) o—BEMFEBIEL7-bDTH S,

(53]

1) AR, 4BROMEEREALTEBY, -
PSSR OBEER WS HHEE, 209



2 D MR AR IS S 1,
A4 EMOBEEEZIT .

2) EHOYUEFEFEBFEONEZ, HIXv<IThb, 72
L MED Lo 72HEZE LTI, bz L
L L7,

1RZD & 2 385,

(51R#]

MAET (2001). [HHEFEBONA & HOHHERED
WL AT - REBEAEYE [RHEER ORI
7R, pp. 156-193, HUER : I AV 7 HE.

Carlson, J., Stokes, L., Helms, J., Gess-Newsome,
J.. & Gardner, A. (2015). The PCK Summit: A
process and structure for challenging current
ideas, provoking future work, and considering
new directions. In A. Berry, P. Friedrichsen, &
J. J. Loughran (Eds.). Re-examining Pedagogical
Content Knowledge in Science Education (pp. 14-27).
NY: Routledge.

R EE RS (2012). [ERAETG O L8 U2 #
HOEERETI OMAI 210 L RIZOWT () 1.
Retrieved on 25 July 2018 from http://www.
mext.go.jp/component/b_menu/shingi/toushin/
__icsFiles/afieldfile/2012/08/30/1325094_1.pdf

Cooper, R., Loughran, J. J., & Berry, A. (2015). Science
teachers’ PCK: Understanding sophisticated
practice. In A. Berry, P. Friedrichsen, & J. J.
Loughran (Eds.). Re-examining Pedagogical
Content Knowledge in Science Education (pp. 60-75).
NY: Routledge.

van Driel, J. H., Berry, A., & Meirink, J. (2014).
Research on Science Teacher Knowledge. In
N. G. Lederman & S. K. Abell (Eds.). Handbook
of research on science education Volume Il (pp.
848-870). NY: Routledge.

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. doi: 10.1002/(SICI)1098-
2736(199808)35:63.0.CO;2-]

RACHRIE (2001) . [#07 F238 = 0 JLREBGRIFTE]. Hnt:
JEE

Gess-Newsome, J, (2015). A model of teacher
professional knowledge and skill including PCK:
Results of the thinking from the PCK Summit, In
A. Berry, P. Friedrichsen, & J. J. Loughran (Eds.).
Re-examining Pedagogical Content Knowledge in

Science Education (pp. 28-42). NY: Routledge.

Hume, A. & Berry, A. (2011). Constructing CoRes: a
Strategy for Building PCK in Pre-service Science
Teacher Education. Research in Science Education,
41, 341-355. doi:10.1007/s11165-010-9168-3

BRI (2001). [BERMBRFEMCEMIZE (1) @ [BAR:
BHBIZRD HNLEE L3 wknidm ). B
HBWEge), 25(1), 11-23. doi: 10.14935/jssej.25.11

Isozaki, T. (2018). Science teacher education in Japan:
past, present, and future, Asia-Pacific Science
Education, 4, 1-14. doi:10.1186/s41029-018-0027-2:

Isozaki, T., & Ochi, T. (2017). Secondary Science
Teacher Education/Training in Japan, Model
Science Teacher Preparation Programs: An
international comparison of what works (pp.
287-306). NC: Information Age Publishing.

Pl —(1972). [0 FE8 - BURFEH~DHMH ] BT
AL

Lederman, N. G. & Lederman, J. S. (2015). The Status
of Preservice Science Teacher Education: A Global
Perspective. Journal of Science Teacher Education,
26(1), 1-6. doi:10.1007/s10972-015-9422-7

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

Loughran, J. J., Mulhall, P., & Berry, A. (2004). In
Search of Pedagogical Content Knowledge in
Science: Developing ways of Articulating and
Documenting Professional Practice. Journal
of Research in Science Teaching, 41(4), 370-391.
doi:10.1002/tea.20007

Loughran, J. J., Mulhall, P, & Berry, A. (2008).
Exploring Pedagogical Content Knowledge in
Science Teacher Education. International Journal
of Science Education, 30(10), 1301-1320. doi:10.1080/
09500690802187009

SRFIHD (2017). TEHEBEOA Y F2 7 5 (FEEH
H) | HARYIEE F 2R (BB ENIE N ¥ T
7], pp. 198201, A : - 3CfE.

SCERREAEAE (2017). T #0E Wk SRR LG AT BRI L
CRFFRETEFH RN 2 RIET 284 ]
Retrieved on 25 July 2018 from http://www.mext.
go.jp/b_menu/hakusho/nc/__icsFiles/afieldfile/20
17/11/30/1398706_2_1.pdf

LA (1969). [HBEBEOOOHEEEOH Y i
IZoWT). W SO BOm B 2GR,



BMHEREIC B 2 HHEE OBRICH T 207 %— B & EEROMEOWEL S —

A (1979). [HEFEHROLELFEIZOWT  HHF
Wk E R ER S UE IR 2 MRS
[STEBRER], 1220, 59-62.

HAKERF S (1952). [HEEFOTFI). Hui:

HAZBERF e (1979). [HEFEHOWZE]. Rt

Nilsson, P. (2008). Teaching for Understanding: The
complex nature of pedagogical content knowledge
in pre-service education. International Journal of
Science Education, 30(10), 1281-1288. doi: 10.1080/09
500690802186993

s (2015). THIMBE L CHAiZE TS - Zhhiz
HFRHED 7T 2 FFHFAL 2] R Ak s

e - BB - ARHERSE (1991). [Hh O FE %

M EE RIS 2098 (1) @ BRI & A3
MioE=45Y ¥ 7OlEHIC ] [HERFHE
FrgERiEE], 30, 177-198.

Schon, D. A. (1983). The Reflective Practitioner: How
professionals think in action. NY: Basic Book.

Shulman, L. (1986). Those Who Understand:
Knowledge Growth in Teaching. Educational
Researcher, 15(2), 4-14. doi: 10.3102/0013189X01500
2004

Shulman, L. (1987). Knowledge and Teaching:
Foundations of the New Reform. Harvard
Education Review. 57(1), 1-22. doi: 10.17763/haer.57.
1.j463w79r56455411

HIFAIF (2010). [#WE#HEFEE ] SHNTF - &
HHEZME [#E 9], pp. 14-20, AR 2304



