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Kol W= " HEET

1. IZU®HIC

21 AL D FFR AL DAL 7 0 — U B ST TR ARV & FIRHE IR O SENT
i, TEERER - AR ik - Befe), TEB - il - KBS KO 528 B8k
WFENOIEHFL LTERINI, FRABTIZBWTUIINL 2N EL Z &A%
WCHD EEEERESNE, ZhERE 2 FEEEEEOUET N TN, FEPHIE
WD TTHE R R N R OWEN K b, BRHCB W T, R LR 5
NS (B 3 FENGE 6 FHEE TO 44/) TIELSS R, e GE 1 F#ENLHE 3
SAEE TO 34ER) TIZOSEEMGHINL Y, BE L o BIROER 2 L CREA AR
BESHBOEEZKD & EBHIT, LVERICHFENRETOEZ HE#H) LN TE
D EosESK SN Y CUEREE, 2008a 5 2008b),

LrL, 2012 FEICFEM SN 2EYT) - FEHRWAEORRICL D &, /INFRER
T, OB - EROBRZEBELERT L2 L, ORFNASECHSZMERALTE
ZTVHALLEY 528, FERERCIE, OEROFESCELR L EE2RFLdkEL
722 L R RILE ST 5 2 b, QFEATOH D HEICK T, BN
DB« AR HE R AT A2 L, (BT ARBEO L EZRNMEIN D &
DS SN TWS (ESLEEBCRIEIEET, 2012), S£ 0, B85 - ZROMEZ O - R
WL, BonmszaEAT 580 ), BHENEESCRZMRIED —#HO 7 ot ANE
FELTORWAREMZ R L CWE, ZOMEEMRT H7-0121%, bbb B
WZEZ D] EVWIRINEERNL, EDOXIREART, EOXIRABOAFANERSN
HONEND) ZEELSEREL, ThERE 272 ECERENRCHEREOUELX -
TR HIE R B 7220,

FZITARTIE, £, BBEO/NEREPEE TR TWS TR0 0%
DV T EEEFREEGE ) S BEE Sy 2 i LTS 5, RIS, SERWVL 6FEDR, F
KHEIZBWTHBPEEIT> TV D RAERRFNEZELZ EO L ST A TV DO,
Fiz, INETOAMRFERZBE L TEDL I RIEEZFZATLLEFEBR L TNWLO0ERE
LIcfERIC O W TG T 5, Bt BHPREEICEET Mo A* L2525 EC
BELRDLDHNNEDON ) F 2T AR T 0 7T MMIOWTHIBLIT 5,
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2. BBEOFRHEE CHbND BFHThsd 2 &)

EOREOBRBOFEEEICBNT, TR RRTCEZ T EEY ) T LTtk %
BHEL LT b, BPRREE NIRHESLA D 1 & LTESIT b TEl, [
FHJE3 (scientific thinking) | 1, Kuhn (2002) (2 & > T IHEEROFEZR (knowledge-seeking) |
ELTERSN, TOEWE LToO TR2NER] LIRS TWD2, BAlEEo
HE 2 713D THEBRC, FIREERRE ARSI E TV D Z AU bRl T&E
(B 1%, /va, 2001; 8, 2005),

ZIT, IR, PEROFEEBEEEA KL, SEREETHMbTws TR
ThodZ L] (CBET st L, B L,

2-1. INERTHOND THENTHDH &
NEREB O BEL, UTOXIICED LN TWD, 7z, /NERERTIL, TR
FOITHIE, ERARERRO T E LTHIRA TS (Figure 1),

U O B AR)

HARICE LA, RELZ b THE, ERL 2Ty, MERROEN L BRE
ETHLMEEBETLHL EHIT, AROFEY - BRI OV TOREEE - 1B i ZX Y,
B RIT0E 2 T4 5, ORI, 2008a : 7 H)

(PaEEEE RODIE ] o o

@ . = o -

[ mloms @z | = URCESBROB RensmmRmtMLTSLL
¥

| TR RHORE | = MECHTIREOEAEBELT 5
&

[ smmoux | = TETERCARORS BRTHITS00TAS
@ .

l Lhalies ] | = iﬂsziéééé%mﬁmm
@ 5 O — -

| wmomm = Dt rameneur,
&
&

= N BEICLBE REBLARSH ELSE
| RO | mp BREESTERACEL LR F A

Figure 1. IR AR IC BT 285, EROAMEST CURREE, 2011)
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INFRTIE TREF] WO RRELTOWNED &, TRFER] L) RERE LN
LT DEDOFRFICERDNENINTND L) TH D, O TR DSRALT 5 &0 & 1T,
MEREME), THIME), TREME) 038 Ths, [EEE &i1X, B2 o EL,
KRR LICE > THRFTHZENTELLWVWIEMTH D, THEME] LI, 2B,
TR E AL CEET D & &, RSB AL X2 CTHEEETT > THE— DO FERGEMT
TIEHRI—DORERPEOND L WVWIFHETH D, [REIME] L1X, FEFEESHBLM &0 D &
HaETs22Licky, ZLDODAXKICLSTERIN, ARINDHDEWVWHIFHETH D,
Bz X, ML, BIEFICIDRETANRMBELE RV AT 4 TEHETHLEHMY EFbsin<T
T, T(LOREE N FEBRIER L TWTE) FUF~ERIh LE Lz &) TR,
2O TR O3 & WFRBIZLTELT, BHEENABRBIIC2 > Tnan &
2725,

Fio, TR 21X, REASBROFY - BBl L Tk - Lz b b, £
I EE RWE L, TR OEICEIE, ERREEZITD, SRAEIEL, HA
WCEELA Y Hhbiim s L CRZRNRAFRCEZ FE b oL ) Il bilfETH D & il
ENTWD CLER A, 2008a: 8 H) , #4E % L CHAMICE R 2 RIEEAER ORI,
PERTOFE RS EEDOMBIZB O ORI, FFEEHEEEEICB O THLEEL, Kok
INTEH I N TV,

(PiEZ i U CEAICHERT 2 MERROGEN] K TREITERHIZXD
W3 LR BROFY) - BRELE LS LHH~NS
F45E BROFEY - BG2 ) & ORFH e £ L BEAT T 220N B D
BSFE BROEY - RO E 22N 51200 D R H 21T 773
S5
F 6 AROFY - HRIIHOWTOHERSCHAIME, BIfRZ R L7222 b5,
(CCERFH4, 2008a @ 8 H)

ZOXEINE, INERTIEFET L ICEA SN MBI NED LN TEBY, RE
HREOHRSLCH VL ZICHE LB E oo T D, B3 HETIE, BROKDSL
O RBEA DIEE &L Vo T BIEFIRR R FEYRBR AT 5 2 LTk - T, £oIEAR
FERZR LS ELFEH Lo TWDN, FHO6FHFITRD L, KBEKOMHEESLTZOH
HPEZ2 &, BEEERIRCIIBIE LEWEY B R 2 £ 7 V0K R A 0 L CERSCH AN,
BMRPEIC SV THERR S E 2B RE L o TV D,

L ED X 5 IZ/NERETIRR R M IE U C, Rk 722 RREREIR D> B £ 2 (2 8 IR 7 A RE AR
R~ LENMNTWD, 2FD, INERIZEBT S TRFHTHLI L) L1, Z0L57%
MREfRUGETE 2 L C, RHRICHGES 2 HIESC TR & 2457,
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2-2. HERTHOLND [HEHTHE &)
AR ER O BRI, UFOXITED LTS

(PR ER o B AE)

BAROFY « BRIZHEATH DY, BIERE b - THIE, ERR 2T,
FHARNCIRIET DR IO L RBIEZ B TH L & BIZHROFEY - FIRIZHONTD
PR 2R, BERR RGBT e 5, CGiREE, 2008b @ 16 H)

HEERE T O/ L RBRIS, BAROIORIT TR RTOBEA T ## 5] LanT
WD, SDOICFEEIEHEHEEZFELIAL L, ROL S LHHNREHSATHD

(BRI RGBT &> Z &) &iE, ARERFIITIRET DN
WEREA, BRICOWTOIRZRD THREAZRRILL, WAWNARERITH L
TENLZRAEMITTENTEL L OICRD 2L THD, BRITIE, Bl FEHR
ENDRFLNICFRERBNICE DX, FHERRMEOBES 2 WV TE RIS HIE
THELBIT, ZiEW, RENRRGTZHIMT, BEARPHETENTE S &

oL ThD, CCHBEE, 2008b: 17 H)

ZOBMBNZIE, TREn), TH8W), TR, 2] LHEREORmNRIINEH
ENTRY, R, BEORARFRE 2L S EFEsMm 2 L IXRETH 28, A
FRIZOWTOMHEEE L TERRET DI ENFHRE SN TVWD I LIFEETE 5, o
F U, NFR TR FRICREET 2 FIESLFHE OEREZ TRFR) LA TWLH—5T,
R TIE, T X—, TR, T4Ed), THIER) EWvomBRICO W TOMEROE
3% TR ) b2, RHEMICRGET 2 FIESRTFRE OB/ T IIFEER I TV

ERRT D ENRY IR TH S,

3. g3

AR D X 512, TR 22 BE I3RERT & 0 BB OFHEBLSE D 1| D Th-727, 2070
FHIRICTE S D EME OB O ,1~5@&@ﬁ%fﬁﬁéné%mu%
BLERIFEAN & Fdk < 4, W@%&m%( FB) | R EOEAICIE, A~ C 7L TRl
DTFEND, WEHOFEZ LI 572012iE, EOFHmEAE L 03X )l %
TV, IRIZHORIT &L 9 LHEED Y %Efi%%ﬁﬁﬂifx%ﬁOD%é% FEHIIZEACE T, £,
R OMBEEDOFIIE, ZOMBEN & OFHMIBLEICET 200V Z & ICBLREMA TR E
NTWDLHLDEEAFEL, D), REAEICE ST, BFRNREE] 3H5Ek
SE (W) THY, TNEEDLIENERINTVWAZ EHEML TWDITTTH
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%o LTENoT, FEHEN BFEHEE] 20X IR A T DNEREL T Z &I,
SHROEEDH Y HFRFLETEEZRD ET&-O), WEAEORFHEZ IS TR
FNZBE U CRlAE L7 B TR Rz i D ive v, & 2 CTARME T, 5 #7220V L 6 0
R ZPATE R FEORFHEZICH T 2RMETARL LA E L CHEAELE
i L7z

3-1. Ak

(1) MEwHLIE
HFERAONIHFRN KD 1 ~2FEOEE44 4 (1 FA224, 2F4E24) T
b, 7ok, ZOREWDIEITILIFEICALE S DB O/N ST, 4 SO ER %
FRIZHOHERTH D,

(2) HENE
HAEANRIIKDOISDTHDH, 1 DHIZ, BROFEHEEICETLILOTHS, £
DEREZHIET D720, BRDPGENEGEN L Vo TCBIESITICET 2EM 6 HA
(0=.70), R THEEHLEZ L IZRICYE O E Vo= FEMMEICET 2 EM2EA
(0=.82), HARHBILICK L TERMAZ O E V- - IEZREE T 2 ERI 2 A (a=.80)
OF 10 HH TR S, SHFETREEZ R, 2 2HIE, TRENES] SIXEENIC
EDX O LI EE D MV, BHEFIRTEEEZRD -, Kk, [HEROBERER
ZELTEATLEZE] 2OV, 5K L SAGRBRT S LIk, TLTINn%E
HE OB A (Table 1) ICHESEX ST HZ L2k Y, BHEOEBICBEES % 5RN
RRFLIRENZ DWW T T 5 Z &lT Le,

Table 1. FALEER OREABLA &S  (ENLBEBCORFZEAT, 2011)
FEAT DB R =]

HARFER~D HAROFY « BIRIHEATHD Y, T 2R A0 sed

RO - AR - HEEE HEEHIT, FREAMAEELONPNPDLY THELD ET 5,

BrRe 8% - KRB BROFY - HEOPICREEZ RWE L, BME#SE L - TH#
22, EBRREEITV, FROMBEZ O L THIRL, RBLLT
W,

Bl - EBROBHE Blet, EBRAITV, EAREEZES T L LB, b0l
FEORE 2 PR ICROER, BE L, BROFEY - BIRZ B 7HIC
PRI D HBE DO RREAE F AT TV D,

HARFEZIZOWTD HROEY - BIRICHOWT, AR AR - k0 % fig

FNik - PR L, Wiz T,
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(3) Fhix

2013 42 HiZ, #KEEE, B, RO FoIx2fE ORICExE L, PO YH
FC K o TIRFERFREINIC — I SE0E S Av7e, PrERE RS, B0l s & T 30 e
THoT,

3-2. #R
(1) BROFEEBEIZOWT

OB OFEHREEICHT 2 ZE AR T 272017 > L EROR R % TR
4 (Figure 2), A H OVEEIZHGRMTHMETH S 3 2 LR, JEHIE L 2-7
ERETEBHIE, EROFEICH L TRIZREBEL LHOEMTH D Z LRI,

57 ) IF—N—IIFERE
45 1

s |

35

3 -

25

2+

15 |

1}

05

0

Lot el FEHE RRBE

Figure 2. #iEl O E B

(2) BFHEB T 2251220 T

44 2 DOFEIRIZHONT, BHPEIEZB KT A F 2 LIz 25, HEEIX 2 4,
MOBWRERYEZ CTND EBDONDEEILEZRIG 39405 a+571¢@§°;@zji%:;f
7= (M=1.46, SD=0.72), ZHIZOWT, EFTEHEL 2L THONRBEZMBL 225
AT AV DORFEEER L, Z0%, MNICHELTREL, 77 3 OBESCA—KE
FTDERAERE % Gt L TITo 72, T ORER% Table 2 12”7,

KEL 62OOH T TVIIHETH I ENTET, RLUEDOEZN-7-01F I(a) BEEF
EAER L TEZS L] Thotm, [(b) BRERSTSZ &) 13, FEHEC i L
TBYRENEEOEERBERL S22, TOMOIT IV 2/15E (o) LA,
FERAZGEHTH L) X o) BB LR RLIBZAFE2THZ L) R/EDX T, BFH
BELIEVENLD, HDHVITRFEHES LT L L“C%?E)%V“\/V@?B@T%O
Too FTo, NEER CTHATE R TRZR) OFRETH D TEEAE], THBIME), [&8IM)
(B % Rl o AR LR O M B B O 5 Tl R IEBR ) VIS S snib X
R enizinot,
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Table 2. BRI BEICHT 20k B 5 =Y

J1 7 2V Lk (G28 HE
(a) WMEHFHZEHLTHEZLZ L 14 24.6
B) BRCTHSTHEAMH S L, SFETICEH 722
EERIENLTEZDLZ L
(b) HERZRDSTHZ & 9 15.8
#) BEHERSTLHZ L, MWEAREZZ ETEZXD
et
(c) EMRPEZ, MRzEm+sZ b 8 14.0

Bl) EffZd b, BxEzROT52L, FEREL
THRZERDDH Z &

(d EBREZEBELTEZDLHZ L 5 8.8
B) FERERAEITO 2 &, ERET D L SRV
E2DH L

(e) HBLIIRRIZEBEZHE#THZ L 5 8.8
i) g TIT W &, BNl gLz 0T
RNT

(H HERIZEZDHZ & 3 5.2
B) BERRANCE BT 5 2 &, BAREREZHEGENIC
ExDHTE

(g) =il 13 22.8

i 57 100

(3) HROBESLERZE L TRALZ LIZONT

44050, MEIZE 1 LERS 43450055 L LRER, G 142 fFoitid 215
7= (M=3.30, SD=1.52), &bNT7-RICHOWT, FHHBLS (Table 1) (2HS%, 5D
24 CMNLIZ AL, FHEBLAEOWTIICHEZY L2V DI I(e) Tt 1o LT,
ZD%, BAEEITY, R —HORBRIZOVWTIIAHE LR TRKRIREEZIT T2, £ DORHE
% Table 3 (27”7,

4 PR DTN A Ll 5 72, ST 24T - T R, F(3, 168)=17.66, p<.01 £ 721,
HREENRD L2, TAE & LT Tukey @ HSD VEIZ K 5 ZH IR 21T o T2 #52R,
[(c) BARELIZHOWT O - B ICBT 25013 3 BLR OB ICK LAREICE
Dm0z (p<.01), [(b) BHFEMREE - KRBT 25X 1 oA THY, ZORNED [
B EERERILE) ZLRDD] LV oREBLLOLOTH- T,
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Table 3. BIERXLERZE L CHATE Z & OBLERIFLIREL

PR & Rk A 5 #E
(a) HAER~OBL - B - BE 31 21.8
) R NSNS TT Thvo iz
(b) FFEHREE - KB 1 0.7
B) AR & EBRERITED 2 &0 DD
(c) #Bizz - FBROHE 21 14.8
) HAN—F—DfENTF, TTT7ONE)
(d) BRERIZHOVTOME - B 64 45.1
) WEHEIXT T RS RT D
(e) Zfth 25 17.6
7 142 100

3-3. BE

SR OFERGR & IpoTep AL, BB OB S L TEg-o, EmE, RIERE
EOWTNOHEBIZEWTH BIFRKIEEZRLTWZb00, BHPrEZIcxd o1
iE, BFEHEE LITEVEHWERPEE L ANALDOLDRE o, £, THETO
HEOBESLERLBL THAL I LIZOVWTORRTIE, HARFRITO VN TOMH -
HRIZERHT 20N 2D, BIEREE - RBUCHET p8iX 1 LR on
nolo,

CORKE LT, EBRIAEMEIIHE, (b7, B8, HYoR5E TTE T LMk e
BLTWEELTYH, ZROOMEREZTER L bRHEN 2 FIES TR & 2 v THR%K
AT O 12D DM EA LTV R WABEMENS 2T Hiv s, PISA TIXTEHEM NG (scientific
knowledge) | % F= 0 %3k (knowledge of science) | & B2 2T D4k (knowledge
about science) | LIZHMELTWD Y, miElE, HABZCOVWTOM#THY, %#E
IR R R ARSI T 2 i Ch D, T DITHEOMEED L 51, kLT
/\7/7<ot< EFT 52 LROONDD, KRERBRE AL L TRFOM] (X200

HiFsh, BACOWTOm#] OBB/BEIAR I THL I ENnBALND, T
%ﬁLtZMZEF%%@ EFT) - FEIRPHE DR R & b EBT HAMTH 2, tt
BRI REFHELT, REHOLRLTICHEZMITLOLERD D, ¥R b, o IF
FATOWTOFEE] 1L [ A 23 ma0kEk (metacognitive knowledge) | & /72 LG5 &
DN BIZE, TARIZB 2 OREICEE LIS RICEBRE LTV 2E), @k
R G 2 TR OM@ L0 BEENELWEBZIONDINETHD, £, F
FHIEBIZOWNTO BRI RFERC N E THEALZ EOFICR N EE I BE T 55
WD Ino T LV ) FIREME G AL TE RV, Ko T, A% I L R2IMELITY, ¥
AT 24T O ER D D,
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4. BT

B2) 72— hoKTF, RN & ORER EBNED Ik STV D RES,
TR EOEBEE PR FHEN RO I NT, FENEOD ) F 2T A0FH
Ta 7 MNIHMNEEREESTVD, HHEBRR TS OO E LT, £TT7 XY
TR E R 2 (American Association for the Advancement of Science) 7% 1963
FEA\ZHERR L= A1 BER 7 U % = 7 2 SAPA (Science-A Process Approach) 3% 5115,
T, BEREGHERR O E LTHabL N A LEFE == (Robert M. Gagne) DFi
AL LT, BB s WL HEEL TR0 7 mE X « 2%/ (science process skills) |
LT Z, TRZFEMICER T T-O0FEE /0 LTHESNEZ, 207
R AF NV ET TBET L), REORFREZMWD ), THET5), Baelvns,
MAET 2, MsiEd o), [THT 5, THRTS) 08 SOEMITr XL, T8
2T 5, 57— 2 2RI 5], MERETERT 5, HIEMICERT 5], TERT 5]
D5 ODOREN T BEANGRRY, ERT 5] 5 e LRSI 2> TnD (U
A, 2011, 512, 2O 1307 ek AEFENEN L7 v ABNEFEEL, Bz, [E
8295 O RE, TEENRHFECBEXAERT 2N TES) RED4
Trk AN, &AL TERT L) O T e A0, THE S5~ & 2803
NEPFOCL, HEIDS U CTRIENEREZER L, (GROMGEZFHE - e L, K3
EWGET 5T — 2 2%, BRTLZENTED, £, WEUIKFF SN E I R
EPNTNDLR—-FEHEIZLENTED] REDX DI, FEFITEEN ST L~V
TREESNLTWD (&L - 7k, 2011),

Flo, AFXFVADOF v aF B Y F =T . (The National Curriculum for England -
Science) TiX, R4 & RIS, Emo TR LAY, TWE L ZOFRE],
MR 7 v A O 4585, TRRRORSE) sEdItho 3 sk OB i
FTEETLLIOFF SN TS, Key stage 2 (553 ~ 6 %24) & Key stage 4 (55 10
~ 11 54) & TR ICBT 22 AN R S, GBIk HEN 9 Befis©
RIEINTWD UNE,2004), TAU D SAPAIZL THA XY ADFvafihlFxa
FZAHIZLTY, TRRAZON TR Z2ERL TWD 2 LBDnD,

AREICBNTIE, FHRELLDN TRHFENICEZ D] &0 RIEEICX L THEY
HEH A A=V % 5T TRV E, ZRETOEMOFEZEL CTEARLZ LICH
LT IBZomik NET, BECONTOHGK] IZOWTIEEE Lol d )
W EERD &, BHEOICEB TS, 6D WIIRZMICERIET 5720 O M#HC A F L
EELOEHFAL, BERUICHEEL TS BRO DD D TIERWEA D D, Zimmerman
(2007) 1%, BHEROEZEEIT O ZOIIERHP A LIZT TR, AXBHMAT LA
BRSEOIMNEEEZR L TERY, AXBHMMAXT VLN L —= 0 FOMEIC X - THE
EHDHENTEDEBRRITND, F72, Veenman (2011) 1F, A ¥ iBEIEYA XL % %)
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RCHRT L2EAR=JFAIE LT, 1) A ZZBHMRBOR 2 O SRFIZHLD AT Z &
(the synthesis position), 2) FEHFIZA ZBANAXTNVOGHMEEZHZ D Z L (informed
training), 3) A X RHEPIAFNVOHRRL ML —= 2 T EKGERICIT S 2 & (prolonged
instruction) LIRXTW5, LR ->T, TRRICOWTOHGR, #E7E, Bl
BRI RS LB 7R A 2 GRS A 2 RN A X /UZ DWW TER D E b IR R (L%
TV, TNEBECERL PR E LIMEMIIERIOHIZ L o0 LA AND Z &R
VETH D, £ L TENERIAMBRINCE R D Z EDRO DD, W EAREDIREMRE
PRGN #E LIZBRIS, €O 7 8t ATHE R A X FRHEHGES A 2 58HA A L2 5
Xy, EFEIZERL, HTEZLL21C356720101E, BFEHICEET 720Dk
RFMECOVWTHICEFBF L TE DL O BEL TV ZERAHBORE BB D
EEX LI,

e

AL, AABBEESRE 63 HEERE & HAEKE LHERYE 54 BREIZBW
THEELET—% (AW - =H, 2013a;2013b) (CES<bDTHD, £, #HEICD
BTN 2N T A BAR B D 5 2 L EFED B I S ATFE L TRV L E T,

X

1) /NFARERR OREER SR BT, 5 3 FRITAERTAN D 20 REHIEE 0D 90 WEH], 26 4 748
1315 FEHE 0 105 BFf, 55 5 PR O 6 FARIE 10 e oo 105 el & 720, 4
M CEE 55 BERIEY O 405 BEf & 7o o 72, FTo, TERREIR OEUERERIUL, B
1 FAEIIOERTIE D 105 WefH], 565 2 AR ITAERTN & 35 REfHIBE 00 140 FERH], 25 3 “F4RI1%
TERTA 5 60 REHIEE D 140 WMl & 72 0, 3 [ CRE 95 eI 0> 385 el & 72 o 7=,

2) BARRZIE, FERRE Toxvd—), DR, [, THiER) o 4 RETHERCL,
INFRE DN D S E TR L Le, £, BISOERR 2 —BRIESE,
FOFEREZFEI L EBRET 57 HIEE), BENAEAERA L CEXVBALEY T
5 EEE), RIEAIZR T ETEE 4 FFET 5 A M CUERK b T,

3) IHFREEHEE T, RN EE] Tho7ond, Wk 20 FICER I N HFE 5
WS CIL TRP R RS - KRB IC8GET SN,

4) R 1 HAERR O OB ITICB W T, AT TV AT 2 RE+ 53
BT, A A DT HE (%4 : Egeria densa) DN T=K%, WD WGETICE < &0F
EREVEATICE S RO 2 FMHCREL, T0%, EXEZREAFCE L A
L3 vHREEZMA TBEELITY, HERNERETITON TS Z 2R D DN
BTl oTnD, ZOFERZBLT IKRER] LWHIMREHZ D,

5) PISA T, TR0 (scientific knowledge) | % [R5 ® Zi#k (knowledge of
science) | & [BHFEIZOWT DA (knowledge about science) | IZ% L, & b2 [F
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O X TEI S AT A TEMY AT o) THEREFHOV AT A 77 )
Y=Y AT N, [TRRICOWT O] 13 TREPRERTE] TREPRE ) (2oL
TWb (EH,2014), 7=, FHL (2011) X TRZOME]) C#4 T 28&% TR
FRELSE] CHIC TRZEIEE] S, TRIFIC O W T O] IS T 58
e BZEEISE) X [AARZNME] LHEATHD,

518 - & XM

DB - = EE T (2013a), [TRFEEREB I 22 ofm), [RAHBETY
25 63 [MaEER=mCIE], 262 H

DS - B (2013b), [HFHRAETAROBIELERLE L TTEFATL LS
ZTWDOM, [HAZELHZRE 55 PR RimXEl 214 H

WK (2005), RHEMEZOBEEZOER], AARHERBESSW HAOHE]
SEHCEBORMIZERT (2011), [REAGHIED/ER, FHGGIESEDO LREEDIZODEBE
BE (P J
http://www.nier.go.jp/kaihatsu/hyouka/chuu/04 chu rika 2.pdf

ESLBHBORMIIERT (2012), [FRL 24 B R E ) - A EMROGRA. AR RORA > B
http://www.nier.go.jp/12chousakekkahoukoku/02point/24 chousakekka point.pdf
Kuhn, D. (2002) What is scientific thinking and how does it develop? In U.
Goswami (Ed.) Handbook of childhood cognitive development. Oxford: Blackwell
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Junior High School Students’ Cognition of Scientific Thinking in Japan

Tetsuya Hisasaka and Machiko SANNOMIYA

According to the national curriculum standards of science in the school education system
in Japan, one of the objectives is to enhance the scientific thinking capability (MEXT, 2008).
However, it has been pointed out that some confusion has been caused to those who are involved
with science education as the definition of “scientific thinking” is not concrete but extremely vague
(e.g., Ogura, 2001; Hori, 2005).

At the same time, the results of the national school achievement test in 2012 have suggested that
the elementary school students and the junior high school students have not attained the sufficient
scientific thinking capability (National Institute for Educational Policy Research, 2012).In order
to find out 1) how the students actually understood the definition of scientific thinking and 2) what
they thought they had learned through observations and experiments in their past science courses,
we conducted a survey of junior high school students.

The results show that most of the descriptions about definition of scientific thinking of the
students were on the surface level, and that the knowledge they acquired through science courses
were “knowledge of science” fundamentally, and that the descriptions on “knowledge about
science” were hardly found.

From these results, we consider it may be necessary to systematize the metacognitive knowledge
and metacognitive skills and explicitly integrate those into the curricula of science in the school
education system in Japan, referring to the science curricula and learning programs in some foreign
countries where specific scientific curricula are provided with concrete activities and concepts.



