FEREFH R

SR OAERLE BN Ml S 50 H g
SRS 5 517 B IS

@
(HRERFHREFRIK. B, 210023)

W OE. AL HFHEAENTRTT, WERFHINELELETIEE ZHE, KFRE
BEEMERFZHITGEL LR IBFZRA, BESWEERNIZEITEEH, Kt
ZR B AT HIFE LR K EHFHARFGEL, HLERLIA, ZAB N %
HELRBE EANERBZE — FRFEOGREZIN ., BB, THHRS
R FERK, Rit, R GTHEHOIE A LN APHIFE LR R L HIFH
BAARGRaRE, HFR, HFARRTRERITHE AEEG S AR, F45 XL
FHIRL A ME R T EM, X ERIAR L T F 4 RIS T 445 807
BT, CARBRFHTELERRBETAZGSE BT,

XKiBiE: £B; AFRIF; ERIF; FLAR; FLRAEIHAA

TE T E e o R 2 R R B ik A B BT RE D M ECRTE S h . Bha ULl K
WO THE BRI 5 AA R R AR AL B A DCBOR 5 B e I R SR R G 8T
X A R SR S AR T TR 280 o U 3 SR I — S P RE R AR 2 5 A A A b 45 5 fiE T AR
2 MMM A FEBE AR BEE AT, DAL= B Y 55 95 AN 2 210 8 o i A\ A 85 5% 0 A S i
HAE M BT HBOR . QR I TR S0 S AR R R IR S B E 1 0 B A K
HMNISLEA TR BEWERFABONTEHEA 54 075 8L M AR AT TR s SRF A A LAY T 7
Bl SR8 LR M A e, BN A SIRE NS #UAE S Z A —EEE, SEWIEH
VIAESE I 5 AR 1 R T AR 2 R 97 TERR S O O AW R I 75 5 R el T 1 HLE
PESEEXER SR Tr 3, 5 B 2O N X PR e b B S 2R 05, R I TR [ 1 ) RS

o,

© LS, guanzhongma@hotmail. com,

126 |



| 2Rl | BREEEES

FEAERBHE S SRR T 5T . 2% [l R A 22 0T U BB A A 5 SR (0 B 2R, IR dla it
PR HOMRG I7 5 SCRpoems . DA 9 B UM B0 Ll RE T 5 PRAR SEit P . SRR T R UM Ll
K SRR ST W BE Sk s AR 2 B SR 7 O I T B U I H 256 i i S5 AR SR
THE, GBI A A N RS, O S 25 Ll R SR (R 2 BT IR S AL AU e, ik T
ASBIFFE R O E AL A B el R SR I H oA WE e Xt 4, ISR RN | SRk Ae 5 17 30
AR IETT 3 HT . B AT 2 R O M B S W B0 SRR R e F R T T HE RS ]

—, EEETHRREVERFZITE VL RNFE

K MR A BN B R L A I . FFAREIR A SR+, it 2 mIN K& 14
R H—, PURHEUCEREAESE . XPERAEE AR TR PR 20K s 5 T, ORI AR
PR Ll 35 1 S BE T EAFAE I R s 5 = SEEBH RO EE KPR 7 e g8, w L
T H 7 AT SR 8 T AL S IR, EIR P FEILFEAME A, A SCT H AR LR s 1T,
ARSI BE 5583

(—) Bkl : BH T 5L 0 2k

PHEZE A R N BUORZR AL AT 7 200 Ll & e 3 B I & B3 5. 2013
i, EEEZRMRZERSEM (BHAEENESR. K-12 #F) (A Framework for K—12 Science
Education), } “TFT—RBEEHEFRUE” (Next Generation Science Standards, NGSS) il i #2
it 7 EERYE, JEN R AEE AL O N S ECE SRR T EE I 1 . NGSS DL =4k 2]
Hir, iRy TR, By PGS 5 R O Z A 85, E T 225K B RE A% Fl 98 5
B BHRFNEF TS5, 9| SR T R TUEYE iR S ks, DAIRI N B A AR 0 2% 2 K

{E DB S it 23 T s 30k 248 0 A S SR T SR A0 S0 42 0 0 LA AU 5 Ak Sy 7T 45 A 1) R it S B2
CAHME R, FUERFFZUNTERDN PR 2 B 5 B AT 55 I8 BE 25 ) ) By Jed Al 5 3t 1oz A
MEE TEX R EE LI R RIS, AT HOT AR I L S R Y S
R, A5 B AR BN E 7 SO R S AR OO RE T . DNITTE 22 50 )2 T B3R AR e o 7 b AR BEL S
FARHE NGSS 1 52t #EF

() MERHAZOBR A e iR« JUH SRk 2k

WAL A ZOMAE AR S B ) b e oK, S Ll & e it H $ 1t 1 R e A B 3 g
BEAT e 4 R a5 . WUTEHONAERS T AT 55 LA S M BRE S B, ER PRl
WRFHCF AL . RARRTT R DL SRS B T . RSB E M . —SE WA UM DL 7 PR
B IRRENS | AP R IR S R IR TEAE 55, Wk Z AR S0 o B8 P S AR 5 R} (R 20 A
TEHE R 5 i R A 1 EAA SR T ZEERAR AT, AR SO RE X 2 2 R 2 A At fb Ay 2 2R ]
HUE . ATRAER DI Sy, AR B ARE R IERE SR S 200 S0 . N IR I o N R 41 4102
S o REE

O A R — 2 BT XA RE B O BARVE R Bl A RHER R EUOT R R A C AR
PATRH ARG A EEZ Ty, AT S iy PRE 4R TR e SR FE TG Sh A BT RS it Chndnfar 48 Hi A

| 127



FEREFH R

SEMEL TSR AR L A5 SRR SR AR RS . DAL R A R ST S B S BN A 4
AT I, R A )R B A A e e . 60 %6 AT UK HAR O
PR, AR E AR TR ZE R EOR . RS N IR, Her U A AR A 2 1Y
2SS 8 RIS N . SRR Ll R SR I H 8 AR S A ALy A Al g HE
WITARE . BRARRTE AN 255 PR AT I S35 AR AL oS (I nl i A2 (9 3 T 25l AR i
SEBTRMG . R MHE B (07 B BE A AT E T R PR AL 0 B I, JF LRGP THRR 2 PR 2 i B A

Bﬁ%o[l%lgj
() FETHHB IR S R ES:

I R AR E R I A AL SR e T R A O Ll i s X5 HAR IR B 00 Ll A
JEALGE BN R IRE R VI X — R R, BUNL V& R 515 T S 7 U
B Sad B  TAAE B B3 kP 0 A Rl 2 i i 2% v 5 B SRR IR SRS T A
R 2R BIE S 3ARRE T BERERY ARG, T AU 89T I S35 D0 S A0 o (] 7 34 52 e v A
FLYIHMERT, DRAN AR 20 B BT LA I rh St ) 7% 22

N JEE SIS 5 MR T 1 i) WA A S B 8 Ll A R S5 H B R 8as AT i 30 4F
S5 NS E BRI, BAEZA 20 000 ARG S5, B E 50 M ST i
Beo BATE AR IZ I SREMLE T FEN AR L X R E AR AR RO IR
TR IT RIS, A 20 A T A RO ASCRFE A, i s i ScAema iz B8 1 A9 52 71
HESEITE WOE BRI BT, (AR Sr BB A2 SRk o] . itia 4707 i
T BHE LESEAE S A I M Oy BB ZUE A, lad RS R A R S BRI
SCRFRME AT R B, RIS -5 PRAR I A 55 0 i 5 S R B S ek . B R s DI Ak
FREE SRR MR e . B L, XM LI D 2R 1 Lol R AE e 2 BT ARERS L, SCHEAE T
Rk 2OR S IR B SC B Z A R B A g 0 A g mAR A . AT HFEE ., Al RS SR, LN O
i FE SRR SRR R AR AL T HAT LN E R 2250 R

= MIERFRITE W & R0 B B KB 1E

PUEREBOM Gl A& e BA B3 Bk S5 B2BUE . BEW K@ iR S #er i Rery 3 K
WAL E H RIS I S A IS RE AR AL . BAE O WA SO X R A g, AUREE—IR
PESFUINEEAAE DL 7oK, R DM RES RS IR B IR . (2 B BRI MU A5 (Y SO FF R B
[ T 1) WA A2 O ) Ll e JR S0 3 5 — R SOPF AR B 5 AR S B R 2 H——
LR S FIL SRR, DLRAT RSSO S = R A O AR PR
HHFPRIARTR, IR R, RS RS O, TS B — AR X 15 057 A4 200
RFERER (& D,

S—, BT EPUS I R BB SO TANTI R IS, AR T 004 Zoi $2 4t
B PSS IR IR AT I SO BREILEE . o R B M 5 B S5 TG 3, (U RE %
Fefuh S BAR B By SR 5 PR AL BT 20, IR THE S [ 2 > el 2R 4T 56 T UEE 19 B FRIEA .
S B X R AR ST BN BT H e )RR A R . AT LR BEAS UM A C AR PR 4

128 |



| 2Rl | BREEEES

B AT PR AT T A WSS R . RS IR R AL S T A R 15 0 T R Y
PEEbR. A R AR S SR R, WO R ST R AT ST 45 S S AR I T R AR AR Y
A R SRR

U PR ¥ (5ave 2 iRl S e vl S KB 2 TR e e i T R e s S 1 B G K VIR 2N i
BATHE S 5 2 BHIMESE D7 20, BRI B AE R S0 A SR 00 liAS . R —SCRpgi i h . 3
I SURTEAS IR S, SR AE OB Rk A RCR 5 26 4 TR Rt BE Y B AR B0 & 2 A B iR
BHPIE AL WRERSUERUPES S S W s . it s - e A AL IRETG Sh 2 HE S
A2 577 B BEARE )RR, AT SRy, SR AR 2 AN AR T B3 B Y 52 5 401
ST, SRR T TR S US I (R RREXT R S8R0 . wrl AT sh it se 5
S B S EAR L B RUE 507 RBOT RIS .

= ATE SRR S AT S TS SO SR SR PR R LA Dy — ] R A
WA BUMESE A B B, BT Rrse g ROE L e s SRR . RO R, fR
BT SRR R P IR RO . X —id T, BUTRZCA LA DUR AT R R, R
MR ATEIWESERI O EA 1T P B (R, S T e DA B 2 AP I A 5 kel ik
IfiE REASAL IR AL v 1 SR ARG D nl 0T A8 i S . DRI HEAT SRR Q. S R
Pyt A i R PEIE S 5 2 B0 UTHE . B2 S RSO B IS B B BT, RS itie
5 SRR A S T PR AR

e EORIM AR . X AR FARIF IR, MR AEE T BB EARFER G R . LBk
1] B U 5 DI o O At A DR 09 T RS9 . AR BRI AR, Wi T st s A 5
s EtICIE L (R:007) NS Y (B awe 2 Ul Beiy B Bu A LK S RS RS L B P (W L ST v f S T R SN |
BIERVATR, IS5 S547sh At oE 32 B3 25 A 2 B 5 S Bl A s A7 sh o 5 B8 S B ST 1
WIFPRAF I 7 ik 55 TP R 07 (ol PR, 3 5 S BRI IE SRR R R, HE— 2D HESh B I 2
SUMEIT AR ER . = FZ A IR R — SRR S5t ERIBGE R, (R B o
ARRRT UGS MRS/ Z R rh it

SR R ] A U B
(FLSEFE T I 2R

feftFET feftArEfe
Her st A A

e
2R

PEpHC 2
SRR

AAEREOTHI RPSCERIERE 1 4 syt e
R ) (F% 5 et
ST B e

B1 XEVMENFHMELRRIFIENIRBEERERR

AN MESSR HAR . AR | SO SR s PR J5 32 DU T 1 ) 3k 5 [ ) A8 2 30 e ol e i
SRR A S BRR AR

| 129



FEREFH R

(—) FHERHA BN e S H R EE3E H b

S [ i [ AT A 2 O B L A el e SR SRR IO H o 3 DLARE B 00 B O 7 58 NGSS 9 H
Al HIOCHE RPN L T RGE bR ESCAR I i A T O A PR B e i, SR A
I BERE SR S R L L RE DS54 . B ISR A bR . AR B SR R T e S B S B
EARHRES SIREIT R RIS BRI, AU N 5+t 00, SN ECY &
FLINRESIHE 1A

S X IEI A SE P = ) VR AR F AR, SR IR AE BN L NGSS 1) = ZEHE
W— R TR, B RS A RO S DB Z T B9 2SR 5% A0y ml 484 1 PR 4
st 5T, HOCHAE T E = 4EE 28t . hifE TRERS IS B R U H e | ilp e
R 2 Py S B S AR B, O A o A rp S B PR AR 1 SRR, A PTTE R . WA U AR 4
NGSS (452 2 BRI AR 207 D SR I 25 5yt B PR 5 S0 22 () AR DB 2 s R N s el i JR 10T A
TR AR ) 5B S ARE G R, W B BRI AR R A0 IR, IR BARH e hon A
EH LT

B AEVESEARMERSERI L. I P — AR W HO A S A B A . RIS HOE R
ot NGSS Prg ML TR . WRITHEARE N A B S BOm 2R 5| oA 4R i )
B Bt SERTE . TR, ORISR BUEE TR RS Ahe . IR, NGSS Xi RS T
T BOREECE:Z B BRI B A 20K . RS BUMT 2L H & 85 2RI T iR T
HREBGEES . Bt )y, MHAEEL LRSS, RRERTHE S5 B0 A 45
SRR, AR ZINTE “S%7 2 B R

= I H I R AT AP AT S R AR A D B B bR, U R AR T UM AR PR 4 S it
JRTTAGIRME: B, w25 S O DL TS AT & NGSS ZoR IR ISR, e
S EABRGE , BT A T T i = SO N A8 2 SR D[] S SRR, 0 H R R
PSS S PR Y S 7 3, AN T IR A9 38 SR Gk . BRAEILEE S S A5t L R AT sh T 5T 19 3 A 4
o A Bh BT S AR PR R . $RTHE N RE . SRR, AR R SO U S
HETUEMATIR B, SRIMEUN T 2R BT R A AR IR, IR Rl oe o) S BSHE Il
TR AR

() DUERHA BN LR S SR H N -1k £

K ERAL R A ZON Ll K SR H DR TN LV BE ) 9 2k, IR — HAn SR A Hm o
A St BSR4, T AR X R R B N A HE . BRI . 00 A TE T B SRR ST RE
FRVIRGAL . SREIT R SRS . B O SRR, L SO 1 45 574 25 8 2 A 2
Il AR s ) 2D 5 SR B, DI AT B PR BB E L R S . DU
N E Y-S L e e A SRS N NP S 2

F—. PEERITAl. WISEDIEE SO T S EUT BHA AT POl R S @ r B . If
FAeRE AR A IR R I S . VF 22 T FRE S0 B T S e SR A% s i e v, ol
E SPERAGES SR R, BN I RS, Py ik MR RS SR B AR S U
APRYS . TG s R T B R S5 0. DL “Fabt e 2 i 17 F “Rhae 28— 2Ok

130 |



| 2Rl | BREEEES

KAEIH” R, X0 H i 22 HEBOB B ARHIT I H sl SR S0, AEH R T BOmR 5T
ARRIIR, A HAE IR R 2 A IR R R TR AL TR M SR Y YA R
PRGBSI H 7, i i B SC 8 SRS 3l YR PR A 2 T S5 S PR 5 R
MRE S TAESR, — ST H IR ARSI PASE 0 & 8T TR, S BOM SR TR AR R T IR
JEHAE BRI A BRI B IX . 32 T AR R A b RHS S (F A R Al e i B0 Ok R
XRIRTE DN EITAAR T R 5 2 B O M S S S R W U i e R i T e, RS
TERREC P FISEN G AL S 6 3, IR A Y SO R A R 2

B SRR . A RURRL R HA A SRR IR AR A . SOOI X A R O
A ER A S R DT 30, P2 WIME S0 A eIt H 23 B B~ RH R AL IO IR AR BB, 3l o e R e
e, W BUNE R B, b AW E R R SRS, IR SR E e TP
BESHRAL, I WS EEE AR R . B, “Plr i asm i B sk oM m R 58w
ChnRg~FIE . AL2#RNAE) o IF 51 20T BE I e 1 o ] F T OR g 505 sh 4 L B0 N
78 Iy, LB RE AE RE R G AR h SE  S B AR R BR L TR A
(STEM) Z[al#ESr B IARRII N 25 66, “STEM #4150 0”7 #4552 anfa 21 21 5 228 &=
WL B ) B AR 5 Ak, AR 1 R BT S AR A S =R, SR
A SIS EE Z B AR R OCR . BN, “Rreg G 5B RTE” 51 28000 A2 1k
PHBRIEEREINER . LAMTRA W) B0~y 18 25 R B A BRAR . O E— 0 B IR A S i B 5 22 2R Y
2 O TR . IR T P 2 0 P BV 5 10 A 1 ) Sl e s s 22 i, AT 3R A
AR DARPE R G E, W AT REAE ot Pl e b — R ik
AL, IR YR S I shi i

= MRRIT R SHEASE . WHERH A O R Wk Pz — . R R AR O BOR
ALl St . ARSI IR HOE T . NI, VF 2 I HRRR T e S IR S RE AR
BRI M H AR 22 255 Bl SE A SU BAR BT BE D . I “ LU R 2 ea B i H 7
ORI ) T SR AR Ay R SCRRBUNTE IR B P S 0F 2 & B 3l i B g, il 4 )5
e LASE AT 0 s U B R S S AE S R, FOeE R L S 1 B
SRR REZER Sy, BN, “SCRBCAI I H” AR B RS N S5 NS ST 58,
BhOMARIE A B 2 0 52 A R s R R IE B 135 edh, — 233t H HE M2 ) S 4l AR
P NG SCRFBOM BT LU/ INEAT 55 A0 (27 20 5 2l A S0 i 7 v e T &2 2 DR B2
MHZARE Sy, B0, “PMEF LI H” Sl NAE S SIHREEH . AL o # R TE i DRl )
I .8l AR B R B R DM R S 5 08 .Y SRR, R R 53
S S SR A Al S Al LA B BOME O B S Al ST RO PR R AR . AR St
T B ALY R E B 17 0 5 w2

RIS = & IS St @i 24 2 S i s I E B s 25 (R 2 1 TN WA K (B
BHIRNE, RIS R T S BN R SR RERE T . S E ST DT ik S T A
FBIINGR . BOBARENS T/ N R PR EEBIFTT . 0 A 5 PR S 0 o SR R R B . ol
“PHEZE OTFEARAR d W RN AR RS T SRR A . DI LR O
IR B, JFYR A OISR T MO ST . eSS O I R 1 30T B 1T BB T A
XA M BUENE . OFTERR B IR T A X YR AL, NI ER TR e Y SR e, AR

| 131



FEREFH R

YRR O | S 2O 2 A o 2 B R W TR SRR Il Bl A %)
BUFRORBGT AR RN Ak, — S LA T A A e SRR A, T AT Sh SRR I R
JEIUH” SR BOM B R A i BRI DT BRI . o SR, BRI 3 Il R — =
Bt 2 TG AR R AUkt A . ATSER AL AT I A B TR T UM A R RE 1 5
PRACHE P LR HIB B AR 1 S et T 18-

S, ST N S ESHUE . BRI S AEHA H 200, WHER A BUNIH 2 s
SCARIR R GRS ARG IR N ES . SR BOM B AR A A S 5 RS 5L, IRk
) g | S A R R ) A SR R SRR BN, SO BUREC SRR S S BUIR SC i 22
SR Z RN, IR HGE R B N A S B, DR TR A R R A R o
SRR R, 4RI H SO R Se AL S UUET KRR BT, Rl 2] S S ] A N
HEARRBCR . I A RRERAR T AT H 7 51 S EUM AL AU A SR R AL T2 A e 25 I
B R HA S SRR BRI Besh, RS S SRR SR A b g A4E
SERMIHE, SR AR R A B AR [ i A I R 5 S AR R, TR A o)
NREFRR IR Gl

(=) FHERHA B0 e S HE 5 H 10 St 5ty

% EVMERNF BTN R & I H 78 5000 R R 2R . RRe Sy, W HA R R L=
AR S, JE PMEMZE . BOR T H. Sl B 5104 R, w904 Bom ek ay 454 1 2
SCRE SRS, DIXHEER 2 B0 SRR PR B 20K

B, BRI S L R R IRFRANSE & . ORISR 2 2] i B L PR A R IR, PR
FE, BHUSCE S Rt R, ST BT S R AR . DL IR A I E
g o], U ARSI B AL RN S 5t 35 B 00 5 67 i) SO PR T L [ SR U R TR A B
TE IS WA P IR 1) 5 TR B LS SRR R, O L ) U A vl AT e

B PMER SERIEILEE . W HE DLHUNA: S L [FEfR (Professional Learning Communities,
PLO) NHLUERS, FERAAT 20N R A IR Sl A, ange “IX B ZOm IMES H” o,
WHEZON 5 %R PO R TR R O, IR U 7 SO0 &1 5 kA 2e i . BT 5 it
MTFE DML AR v & AR & B PN R H IR A R IR & R EeE R, R
PR S5 PP TR, TR IR EE 4 . g R, Br b =R AR T R IR IR S I &
AR . AR T SRR T R S R

B BORWRE. HORSFFEZWARY L & R SR BT T, 92 M 4R 58 B 1 ] 51
P, IXAERIEAZ R XU HOCHE . N, Bl s S THRESN S BUm S At 50 50 %
SEAE AT T BRI, Mg T T R IR S I B, JFGER A S 5 50 8.0 It
Hh, FELIRFE SIRA T 2T N ML T 96 A2 2] AR, b 2s [ a2 5 a9 BRI
WS Al K RS B i S T R

0, FINE RS MR, SO DL X — SR A s SRR PO A T A PR A S it
S AN A S O N TS B = ST I E M GRS E I 2 [ 1L 2L e Y a0 RC 3 IS BN Sire Ul
. AL SHRFELER S, P H B PR E IR H UG B R R, I OC R AL AT DAt
— BRSBTS A S 4R R A

132 |



| 2Rl | BREEEES

ST RS S E A R, PP SR 0 G BETE T R S AR PSSR . . TUH ZR A
BRAEE A RS e BOR T, BBV LS S A, IR AR e, i, R
FIPHAG I e PR U SR i 5 20 Fr s 1o 200 4 3 B B ko i, (G P 8 T AL B PR
170 52 RS HEA T R AR

(M9 FAERHA B e e SR B H R PR 5 14

PR RAUERN 20T Lol & R H B IR . —J5 T ] TR AR H S 2 1 I B B, 55
— 7 A S 2 N AR B 5 SO 7 OO A SR A . G R A OG I H 2k >R ] 22 4k BE PP B A2
TR R . BOML My BRI R 45 27 A o S A R AR R T AR BB . I L NGSS #9520t ZOR 1
NEES M, FIWTIE S E R SRR BN s B AR OB RE T

i ARG T PO R 2Om e B 1R A B AR AR . 20 Had g R
B BRI AT S L O D 5T 30, 18 SR O AR L e T R SCBAT O S IR AL AT RS
B, “PREERBUZ B 8 S PR IS S BN S HARA i, BRAE
bR SR AR TS S I RCR AT VAL . NI B EOm U S S R AR I R R R
LR € DRI e il ) ra I Ry TR A= R SR ENEIE S TR -3E e el PV i) S e
N5 AR R AR IR

S BN D A A IYIIE B AR L H PPN B9 53 — RO R . VR 22000 H 2 WO U A
ety . [T RS IR A5 R, RS R BUNTER AR T . IRERTT & S IR A B A5 5
HAEA . B, BOMSARARS ST H 7 SR L BEAS W07 SR Ll ~T i R A A
F, Ol ERARERTRY] Bea U8 S L RSS2 il w5 U EBEN RE 0K
S TR eI SR A M R S Ao B B P PP Al ) A O A M R 1 e )
HFORAAL, DA SR SR IR Sk S5

= P ) RO WO R AL H AR B FE SR, IV e A 2 T A 2 A ] ) D 2
Uik g e AR . SCEA ST H Il W LR G a R R B, Bl R IR 9 I IR S 4R b
AT, B, AR R IR AR SRS HIE R, e A TE R R
FE. BRI E R-5 5 TUEE A A B AR D A R, X SE R BE AT S BRI AR T S
IRBEBEE DRSS AL, T I 2 A Ot A By g Ak B

S0, FRIYIH b 28 M S TR B AROCR L2 S ERR, DA sE iR S K B R A
PEAEMRREIZ I AN o B, 35 F 3 R S R R PP i w AR Bt UM R 5 o £ 25, sk
FOMXTIE WA, St Tr S SR RCR OB, T ARGHEDT A SO IR B St . R R
TOH TS UET A R ulfe ) A T ATk S o E A

I, MRS NGSS BEAHER LA RIH  HAEM AR — 20 AR T SR, RIEZOm
JETREMSAE IR A A AL NGSS B9 =42 ] HorR. i, “NGSS SEhtidPAG” il W HUm7ER
PR B PMILE S R OSSO A PR A R B A B SO RIER R S0 S NGSS
SRZIBNFLETLRE , AR 7ERHE 20 SOt v (i 52 bR sk,

=, EVEREHITE I L R FNBTEEE

R EWIER} A O A Ll ke i H AN —A>— R PRGN B R i A i B, T B el — b 5 45

| 133



SRR

BRI SCRHA R (B 2) . XA R AR ZOR 5 IR 2B 2 R AR ALy bl — D7 TE S B2 2
B ISR B SR BT 1) 5 TR, 55— T SUG B0 2 P B BB AS IR 9 S AR A S
77 R, AR RIBTIFARR TEOAMEZ W, SERBRA ZONEE TARE SR
FIREZ 07 R IME SIS, AT R X — SRR A R AL DA TSI B, oA G ]
SCRFRLH S EMETT S SERIAE ORI AR AT n] 3522 00 b iR ST H

PR RPNl FONHH THEE
ARGERHIHE =) (PRBEEE . TR (BT ERES D

FEE YA
(I 5 15 12 L) \\

TV

PO

HOMEE T
RBESTRRI H BRI

Ll

BRI

Ll R //

H A /'E,P,l.
(ST 5 A ) B

B2 EXEVEMFBEITELRBRIFRENTHES

(—) B FEAVFESTIR S B0 R LA 2 b

5 TR 2 B0 Ll A SR H . Bheg i BhAmh st SRS UM R TARH (bR
BTy —Fh o TR SR 450 . BT = R L AR SR (S BRIl 2 5 2n BB IR, Bl
F AR R S HA R AL SCRr . IR SCHFAE R — 3T A MESR N e, 3 2 [l o 4 1
DLW F— RO D BB A S R s R SR O L A A R T S 4 T B

B DMEMLH AR BTN R T BEARL 2 SR AR . AR EE AT O TR BE I, B
SR RARBTFUAL 55 o BRI I RETT | UESE Aol A2 S R . S2 BT AR PRRR . Ao et B 1E
TAME AR AERR A 1 S A B, MR R 2% 5 B (0 B 25 2 15 BRAERE 2 . DL “Bb2E B 5E 4 g 35
F7 S, IR 200 A B K B R SR S AT, R S e B B o M A e
BEPRATE O R g I Ry O SR R ST AR B T Sh R L T B A S R

S BHITBTIRA TS BOMECE AR B #ee s S 3L RHE S AR B B i 54k, Rl
WATE T BN ZR, AR TSRS H U A T e . T Ay ) i R B A . B
Al Sl B R P AR R S R BUTECE TR R e w5 PRAE S0t 45 . 20T
TEILEIE R SR g i fe . pilan. “PlrRX—HEE MBI R it 22 RHR T K 5
Ul SHEBOTHE A R A RL A AL B T 38 A2 2 o B T 30

= ZTOMEY R TSR E RS R SRR, SR T R BRI R IR, SRR R
HER A B Ry St SRR U PR AR R A B RN SR O vk S R B
U BOMEE TARE M E R AR S A0S 5 9018 . ZOMNIZE LS BRI S TT# T R .
TG AT I X 3 52 2% DR (AL R A D8y m] AT SCRF BN R BR T S35 AN P PR e B A
T BT 42 G0 0 L PR e RS A DR St ) R 5 S04

134 |



| 2Rl | BREEEES

(2) Fe83c i Gk e g it N ek

FREESC RS Tl R SR M A i . 2 SR R WA R 2 380 Lol e SRR T H P A5 R 1) — Sl J3E 22
He. HAZOAR AT MG BE A PO IRST . I o Frak sl SR i n] 31045 . nlRELEfY S0 Fr. 51U
SR S eI il o er o NI E e S I S BB ol il i L B o (I I A e AN 4
A7 ) AR W DR SCRPBUAR L 8 DX ] SRR . TR & S R A 54, e A0
TEFVPERME . BEIRMELS 5 RSB B2 )2 AR

X —ZHEE SN AR GEI H I 45 R B SO P IR A TR, B b P S 7 A RE AR I PN A
MG A HEAG , B2 Sy R ] Bk S7 W IR SRS BE IR, = R iy [R] A 52
TS SEBRRST  FFEE SR R AN A 2] SE R AR LU 20, SR04 B0 $ B AR E B DM DG &R -
FOMAE X R 25 v 5 B R BOMIL R A RAR AT, a8 1 e W S8 AL St 28 96 -5 e s SR s
NI BLSTAT: 55 i E PR THRAR T 5 PR A St g g .

FOU, FRE S i i B IR S AL AR BOM 7R B POT & B R MR, M50 H b, BE
AR EOFEESZ IR BOMMELLRR S ey SR 2 . (R BT B —E R AN T X — okt
Fo fin, FELRA#ea BRI Gl B A B SR S Bl T H, S RERE 7 5 2L 4R
FRRPRE. M S0 MHORBFTE S R s . X I IE AL RE A% ol /> I v 2 TR B I [ JR F7 0 9
2 o OO TR LR (Y R e, LT

FHUC R 25 i o 288 a e ot HP Ml b e A2 58 i A3 SV Bl ) I IR R R . U E R S8R R B ie R 2
RO OB HESE B ERCR . R E M R B TR A S e S e E S, NI R 1 I
Z 5RO B ER A R R RN s 5 R AL AT B T R AL S0 H b SRR T L B
PETCHE I, S5 B2 5 5 3 (Y B BEPE R SR X 5%

SMORE . FFEEF SR R R R L O R, —Tr AR Tk K I H B S ]
73— 77 T A DR M E S L G e T TSR R e M S S . AWETEERI. & ERIRY
TEL A MV AL REIZ T SO MR 2 B RAF R 2SR A H 2RI . 0 i 3 = & BRI S8R
B 0] U SR H R E S 15 . RS FE R i) Fi 0 R AR Bt b IS 8O P2 Re Ll & e aipL,

(=) BB S e S0 H 5800 BT wF 2 i A i g 2

FRF BN b K e SR H -5 BUMECE W Z [ B XLl g i, 2 58 AR 204l & i
i H BRI RGBTl 2 — . HEEAREAE T —Jrm, KB EE W P RS HE S 5 R
e AL I A B A s 55— T tan, R 30T St i A o e 2 0 e A 2 SR Rl [ 3
W, TS, BIESY RBEA MR, W “BHe—3at—SiE—rure” MR, X
FLTE— e R B b Zefift A Ge Ll & et H rp i DL A =28 ) 00 [ 8231 agfe 2 3 Wb ) B8 S
L i ek = n] R S AR . T F SOt LA i R

MHEIEIKENA , W et i Sede T 700 H BT AR IE R S . T LA AW Y
FrINZeHE, Bh= KRGS SR H A 5 BN AR PR . UIZRT5 205 O S EAE A 45 )
A, R BOMEE DTSR AT H B, WAl Rl S8 “Homd 2e et A, ddft
LAy WSR2 RIETF. flin, AR XBCERIR ARG, W2
PR SRR OERE , DURME S PRI, S SOl R S 5 S PR A AR R0 52

| 135



FEREFH R

AR S SR T R, VP2 FR RS B I OGBS AR AN A BN S . I
DRl T 2 IS5 ASCHRF UM AR PR AL v 5 =424 2] FAR.

SRS A, U A I B A T SRR 1 VA S AR . T A S o R 2 R
G 2B, IR RN, 2 AR PPAR A5 2R . BUMREIE 5 . X SRR SRR 15 I
RORHIM . o BOBEE DI T S SO UR s p 22 g bRk, AR SCIT H B BREZ DAL 25 2R 5%
W], SRR IR . T PRAEUE I 9 52 B 5 R B9 Bl 48 5, BES (8 1 0 0 52 ke i ik
R A 2 ) G R AE RG B — T H AR ShAS TR S — A B
TG B — LN BN SR ST H S i S B R 5 SOfp 26 08, AT Sl AH OC BRI A R
AOAL 55 ST . A, — 26351 H 25 APR AR ST B b B9 BRI R S o A X 4, 3 i o 800 gt
BRI K KB AL 5 S Bl i e e HlE I 00 H it RE RS A [R) — b dls S A1 BB
I i

ST XUa e ALl A e 3t B AN FEOUR S UINIESS i B 43— b 5 AT 58 3 [R] J it
M SRR RGE: B I H BRI 5 A RS . T O A 52 4R A3t T 20 A (9 8008 5 PTG 6 ) 552
By, mitl, U H SO A S AL LA B IESE 2 b RO R O SRR TR 2 AL
feft TR,

2025 EEERHAEAHFTF—HTE “ KREHR SETANFAEAMNFEARAETHENZ
SY w5 W EE AT (BTA250260)

Lt MRAERERERSEARR. LEHEST 0. HEHTA,
SE 3w

[1] Liu E, LiuC, Wang J. Pre-service science teacher preparation in China; Challenges and promises [J]. Journal
of science teacher education, 2015, 26 (1): 29-44.

[2] Dong Y, Wang J, Yang Y, et al. Understanding intrinsic challenges to STEM instructional practices for
Chinese teachers based on their beliefs and knowledge base [J]. International journal of STEM education, 2020,
7 (D). 1-12.

[3] Mu X. Science teacher training in China [J]. Science, 2013, 341 (6145): 456-457.

[4] Sun D, Wang Z, Xie W, etal. Status of integrated science instruction in junior secondary schools of China: An
exploratory study [J]. International journal of science education, 2014, 36 (5): 808-838.

[5] Davis E A, Petish D, Smithey J. Challenges new science teachers face [J]. Review of educational research,
2006, 76 (4): 607-651.

[6] Roehrig G H, Luft J A. Constraints experienced by beginning secondary science teachers in implementing

scientific inquiry lessons [J]. International journal of science education, 2004, 26 (1): 3-24.

136 |



| 2Rl | BREEEES

[7] Capps DK, Crawford B A. Inquiry-based instruction and teaching about nature of science: Are they happening?
[J]. Journal of science teacher education, 2013, 24 (3). 497-526.

[8] Windschitl M, Thompson J, Braaten M. DBeyond the scientific method: Model-based inquiry as a new
paradigm of preference for school science investigations [J]. Science education, 2008, 92 (5): 941-967.

[9] Shulman L S. Those who understand: Knowledge growth in teaching [ J]. FEducational researcher, 1986,

15 (2): 4-14.

[10] Luft J A, Dubois SL, Nixon R S, et al. Supporting newly hired teachers of science: Attaining professional
teaching standards [J]. Studies in science education, 2015, 51 (1); 1-48.

[11] Veenman S. Perceived problems of beginning teachers [ J]. Review of educational research, 1984, 54
(2) 143-178.

[12] Desimone L M. Improving impact studies of teachers’ professional development: Toward better

conceptualizations and measures [J]. Educational researcher, 2009, 38 (3): 181-199.

[13] Borko H. Professional development and teacher learning: Mapping the terrain [J]. Educational researcher,
2004, 33 (8): 3-15.

[14] Feiman-nemser S. From preparation to practice; Designing a continuum to strengthen and sustain teaching
[J]. Teachers college record, 2001, 103 (6): 1016-1055.

[15] National Academies of Sciences, Engineering, and Medicine. K-12 science teachers need sustained professional
learning opportunities to teach new science standards, report says [EB/OL]. (2016-01-12) [2024-12-05].
https: //www. nationalacademies. org/news/2016/01/k-12-science-teachers-need-sustained-professional-learning-
opportunities-to-teach-new-science-standards-report-says.

[16] National Science Foundation. The impact of professional development on K-12 science teachers [ EB/OL].
(2019-06-15) [2024-12-05]. https: //www. nsf. gov/news/news _summ. jsp? cntn _ id=300510.

[17] Reiser B ], Michaels S, Moon J, et al. Scaling up three-dimensional science learning through teacher-led study
groups across a state [J]. Journal of teacher education, 2017, 68 (3): 280-298.

[18] Penuel W R, Harris C J, Debarger A H. Implementing the next generation science standards [J]. Phi delta
kappan, 2015, 96 (6); 45-49.

[19] National Research Council. A framework for K—12 science education: Practices, crosscutting concepts, and
core ideas [M]. Washington, D.C.: National Academies Press, 2012.

[20] Smith T M, Ingersoll R M. What are the effects of induction and mentoring on beginning teacher turnover?
[J]. American educational research journal, 2004, 41 (3): 681-714.

[21] Gay G. Culturally responsive teaching: Theory, research, and practice [ M]. New York: Teachers College
Press, 2010.

[22] Vescio V, Ross D, Adams A. A review of research on the impact of professional learning communities on
teaching practice and student learning [J]. Teaching and teacher education, 2008, 24 (1). 80-91.

[23] Silverstein S C, Dubner J, Miller J, et al. Teachers’ participation in research programs improves their
students’ achievement in science [J]. Science, 2009, 326 (5951): 440-442.

[24] Dresner M, Worley E. Teacher research experiences, partnerships with scientists, and teacher performance
[J]. Journal of science teacher education, 2006, 17 (1). 1-14.

[25] Supovitz J A, Turner H M. The effects of professional development on science teaching practices and
classroom culture [J]. Journal of research in science teaching, 2000, 37 (9): 963-980.

[26] De Jong T, Linn M C, Zacharia Z C. Physical and virtual laboratories in science and engineering education

| 137



FEREFH R

[J]. Science, 2013, 340 (6130): 305-308.

[27] Rutten N, Van Joolingen W R, Van der Veen J T. The learning effects of computer simulations in science
education [J]. Computers & Education, 2012, 58 (1); 136-153.

[28] Brinson ] R. Learning outcome achievement in non-traditional (virtual and remote) versus traditional Chands-
on) laboratories: A review of the empirical research [J]. Computers & Education, 2015, 87: 218-237.
[29] National Research Council. Inquiry and thenational science education standards: A guide for teaching and

learning [ M]. Washington, D.C.: National Academy Press, 2000.

[30] A [27].

[31] 4 [28].

[32] Ma J, Nickerson J V. Hands-on, simulated, and remote laboratories;: A comparative literature review [J].
ACM computing surveys, 2006, 38 (3): Article 7.

[33] Heller J I, Dachler K R, Wong N, et al. Differential effects of three professional development models on
teacher knowledge and student achievement in elementary science [J]. Journal of research in science teaching,
2012, 49 (3): 333-362.

[34] Mcneill K L, Krajcik J. Scientific explanations: Characterizing and evaluating the evidence-based explanations
of middle school students [J]. Journal of research in science teaching, 2008, 45 (1): 53-78.

[35] Davis E A, Krajcik ] S. Designing educative curriculum materials to promote teacher learning [J]. Educational
researcher, 2005, 34 (3): 3-14.

[36] Hofstein A, Lunetta V N. The laboratory in science education: Foundations for the twenty-first century [J].
Science education, 2004, 88 (1): 28-54.

[37] Abrahams I, Millar R. Does practical work really work? A study of the effectiveness of practical work as a
teaching and learning method in school science [J]. International journal of science education, 2008, 30 (14):
1945-1969.

[38] Wong H K. Induction programs that keep new teachers teaching and improving [J]. NASSP bulletin, 2004,
88 (638): 41-58.

[39] Hoy A W, Spero R B. Changes in teacher efficacy during the early years of teaching: A comparison of four
measures [J]. Teaching and teacher education, 2005, 21 (4): 343-356.

[40] Becker K, Park K. Effects of integrative approaches among science, technology, engineering, and
mathematics (STEM) subjects on students’ learning: A preliminary meta-analysis [J]. Journal of STEM
education: innovations and research, 2011, 12 (5). 23-37.

[41] Mandinach E B, Gummer E S, What does it mean for teachers to be data literate; Laying out the skills,
knowledge, and dispositions [J]. Teaching and teacher education, 2016, 60;: 366-376.

[42] Schildkamp K, KUIPER W. Data-informed curriculum reform: Which data, what for, and promoting and
hindering factors [J]. Teaching and teacher education, 2010, 26 (3). 482-496.

[43] Cochran-smith M, Lytle S L. Relationships of knowledge and practice; Teacher learning in communities []].
Review of research in education, 1999, 24: 249-305.

[44] Ladson-billings G. Toward a theory of culturally relevant pedagogy [JJ]. American educational research
journal, 1995, 32 (3) 465-491.

[45] Wenger E. Communities of practice; Learning, meaning, and identity [ M ]. Cambridge: Cambridge
University Press, 1998.

[46] Gruenewald D A. The best of both worlds: A critical pedagogy of place []J]. Educational researcher, 2003,

138 |



| 2Rl | BREEEES

32 (4): 3-12.

[47] Schneider E M, Mecneill K L, Krajcik ] S. Science education for the 21st century: Connecting research and
practice [J]. Science education, 2013, 97 (1): 51-72.

[48] Kraft M A, Blazar D, Hogan D. The effect of teacher coaching on instruction and achievement: A meta-
analysis of the causal evidence [J]. Review of educational research, 2018, 88 (4): 547-588.

[49] Blazar D, Kraft M A. Exploring mechanisms of effective teacher coaching: A tale of two cohorts from a
randomized experiment [J]. Educational evaluation and policy analysis, 2015, 37 (4): 542-566.

[50] Handelzalts A. Collaborative curriculum development in teacher design teams [ D]. Enschede: University of
Twente, 2009.

[51] Huizinga T, Handelzalts A, Niveen N, et al. Teacher involvement in curriculum design: Need for support to
enhance teachers’ design expertise [J]. Journal of curriculum studies, 2014, 46 (1): 33-57.

[52] Duncan-howell J. Teachers making connections: Online communities as a source of professional learning []].
British journal of educational technology, 2010, 41 (2). 324-340.

[53] Smetana L. K, Bell R L. Computer simulations to support science instruction and learning: A critical review of
the literature [J]. International journal of science education, 2012, 34 (9): 1337-1370.

[54] Dede C, Ketelhut D J, Whitehouse P, Breit L, &. Mcdonald R. A research agenda for online teacher
professional development []J]. Journal of teacher education, 2009, 60 (1) 8-19.

[55] Ingersoll R, Strong M. The impact of induction and mentoring programs for beginning teachers: A critical
review of the research [J]. Review of educational research, 2011, 81 (2): 233-266.

[56] Sherin M G, Van es E A. Effects of video club participation on teachers’ professional vision [J]. Journal of
teacher education, 2009, 60 (1). 20-37.

[57] Sawada D, Piburn M D, Turley J, et al. Measuring reform practices in science and mathematics classrooms:
The reformed teaching observation protocol [J]. School science and mathematics, 2002, 102 (6): 245-253.

[58] Darling-hammond 1., Snyder J. Authentic assessment of teaching in context [ J]. Teaching and teacher
education, 2000, 16 (5-6): 523-545.

[59] Guskey T R. Evaluating professional development [M]. Thousand Oaks: Corwin Press, 2000.

[60] NGSS Lead States. Next generation science standards: For states, by states [ M]. Washington, D.C. :
National Academies Press, 2013.

[61] Dixon P, WILKE R A. The influence of a teacher research experience on elementary teachers’ thinking and
instruction [J]. Journal of elementary science education, 2007, 19 (1): 25-43.

[62] Morrison J A. Scientists’ participation in teacher professional development: The impact on fourth to eighth
grade teachers’ understanding and implementation of inquiry-based instruction [ ]J]. International journal of
science and mathematics education, 2014, 12 (4). 793-816.

[63] Coburn C E, PENUEL W R. Research-practice partnerships in education: Outcomes, dynamics, and open
questions [J]. Educational researcher, 2016, 45 (1): 48-54.

[64] Penuel W R, Fishman B J, Cheng B H, et al. Organizing research and development at the intersection of
learning, implementation, and design [J]. Educational researcher, 2011, 40 (7): 331-337.

[65] Stoll L, Bolam R, Mcmahon A, et al. Professional learning communities: A review of the literature []].
Journal of educational change, 2006, 7 (4). 221-258.

[66] Lomos C, Hofman R H, Bosker R J. Professional communities and student achievement—A meta-analysis

[J]. School effectiveness and school improvement, 2011, 22 (2): 121-148.

| 139



FEREFH R

[67] Trust T, Krutka D G, Carpenter ] P. “Together we are better”: Professional learning networks for teachers
[J]. Computers &. education, 2016, 102 15-34.

[68] Lantz-andersson A, Lundin M, Selwyn N. Twenty years of online teacher communities: A systematic review
of formally-organized and informally-developed professional learning groups [JJ. Teaching and teacher
education, 2018, 75: 302-315.

[69] Zeichner K, Wray S. The teaching portfolio in US teacher education programs: What we know and what we
need to know [J]. Teaching and teacher education, 2001, 17 (5): 613-621.

[70] Hur ] W, Brush T A. Teacher participation in online communities; Why do teachers want to participate and
what are the relationships to their teaching practices? [J]. Journal of research on technology in education,
2009, 41 (3) 279-303.

[71] Blanchard M R, Southerland S A, Granger E M, et al. No silver bullet for inquiry: Making sense of teacher
change following an inquiry-based research experience for teachers [J]. Science education, 2009, 93 (2):
322-360.

[72] Varelas M, House R, Wenzel S. Beginning teachers immersed into science: Scientist and science teacher
identities [J]. Science education, 2005, 89: 492-516.

[73] Luft J A. Changing inquiry practices and beliefs: The impact of an inquiry-based professional development
program on beginning and experienced secondary science teachers [ J ]. International journal of science
education, 2001, 23 (5) 517-534.

[74] Allen J P, Pianta R C, Gregory A, et al. An interaction-based approach to enhancing secondary school
instruction and student achievement [J]. Science, 2011, 333 (6045): 1034-1037.

Practical Pathways and Action Logic of Professional Development Support

Programs for Early-Career Science Teachers in the United States

Ma Guanzhong

(School of Education, Nanjing University, 210023)

Abstract: In the context of current science education reform, early-career science teachers face
numerous challenges in their professional development. To address these challenges,
many countries have implemented professional development support programs for
teachers. This paper focuses on professional development support programs for early-
career science teachers in the United States, aiming to analyze their practical pathways
and action logic, and to explore how these programs promote teacher professional
growth and the implementation of science education reform. The study found that the
implementation of these programs mainly follows three practical pathways: practice-
oriented in-service training; collaborative teacher training; and action research and
reflective practice. At the same time, the action logic of the programs includes three

key mechanisms: the mutual promotion of science teacher professional development and
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teacher education research; the multi-faceted collaboration of scientists, scientific
research resources, and teacher educators; and the dual construction of continuous
support and professional development networks. These practical pathways and action
logic not only enhance the teaching capabilities of early-career science teachers but also
provide valuable references and insights for the professional development of science
teachers in our country.

Key Words: United States; Science Teachers; Early-career Teachers; Professional Development;

Professional Development Support Programs
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