M 3 b &

2016 4 %61 17 #: 1847 ~ 1855

¢ CPERE) 22 EH

=

ANEWEE S - A I

AR, HEE

BT, AR 100081
* I & A, E-mail: gaohongbin@cast.org.cn

2016 F 4 J 4y, BHEERFI B HECS KA T
ARFIFRFEEME) (LURRAR (R ). () —
SR, IR T T Z R REMAL, e & AR PP
BIZA —. Phrb [E R B 5K S H B ORI
J\A B 22 58, 78 Bl % W (http://blog.sciencenet.cn/blog-
3061-972135.html) A FF A W SCHR B T = mBEBE: (1) X
ek HARFEAS R BN HERG . ATz b, BRI
11 ZRFEMECHEE AR MY B R T, B2 EiE NN
FEAE P B AT R 12 56 48 N R i IR BRI
BB JE R, T IE A IR R S 12 T AR B R R )
W RN, B R EWARR S E HLEE AT
B (2) FHEREARGFEBRRF. ZIEEARAH
R, EEHSIARZNRAWH RO MR, <L
1T RAE—. MY X EH & R g B
A MOE, EiHERERNREAE, IR
HEANERE XL, HrFZIAREMHEZIESE
FIFH AT RAE—HBRT, NEESMT KL A AEE
HRMEVIR B AR RG R TR, BAR XK HE i
) . 3) AHANARH®EEM . AIENIZR &K IR
Hhe, SRPIRRAEENRR, TEAANBFERFRE.

BExh BB 2 BT BE, o R A B K A N ST B
INVNEBFNA, BAETAT. RAE— BWEHED
PIN (EME) R EHRCEFERDR, HARFENTE
A AL AT PAAE R AR B 27 A% 5 b R AR AR, 7T A
BN NA B L b B AR 2, X AR AR B A XK
10 () 3 25 (http://blog.sciencenet.cn/blog-1051670-972435.
html). RE MWL, B KR 5 F NN ER A 5
MO AR SRR T BN, H () hE
KR 5 50 23R 78 2 S UE i (1) (http://weibo.com/p/1001
603968473473623826).

A B AR PP S B (R HE D BIAE SR R L Fe AT
IEURE, S A R R FL AR T B BE, SCE ORI
R EARPHER A HHT 06 e i R 2 E R
BN R, 1B &2 i A S M gm AR IR B 155, T HL
F2 EH Rk RN o S B AR R S KA. PR R R R

©2016 (PEAEY FE4E

SCIENCE CHINA PRESS

[ s (4] J5 75 5 B T PR 2R

& F R E A R
e T TN
2EROE. RS, B
W N B AR R,
BRZ 520 E R G R R
G, ERBHMETH, 5850
BRI R, BRI
1 5 B F 50 SRR T 5 0 =
a.

WERME, Z5EHIRERFH R, f§Hfik
A LE 1 E ORI IX A (HEE) , JEHEA R (http://
dy.qq.com/article.htm?id=20160425A0389H00). & & 1
PFAAE— 282k, X T (FEAE) RO e s (e dt Al 45 =
FAEMMIX R R X — f SR TR TAEE
2. £5HEEKHERABEDE 9%H 2 RN
(M) FA7E AR S R RN B, IR IEH o2
TE FT M 4.

(HHE) RESE (ZERBZERFATHITIHNE
(2006-2010-2020 £F)) (BAFfEIAR (R ARAHNE) HIE
BAR S AL B, PUT (B2 R RN E) SKHBCR K
WLV A 55, [ B A Py S50 2 ROA 2 2 BRAR At T
Y Z IR RMER, JFHER T — L E 2 S AR

1 [EAh 2 R o2 3 b e 1 B

AR FIMESYR T 20 40 50 FAMRE. KB
(Jon Miller) % AFE 2~ AR A2 2 B & T A BB R
FRI = HAERE R AL & T A R R FURE M 2R ZK,
ZJE it A& AR R AR T A R
HET, REZARMSRRERKNETE, F—HI
A S O

1.1~ RAEFAER UM A P8 R 8 15 A
£ 20 T A0 60 SEAX, 1H 57 % [ () 2235 (T 4a X Bt 27

www.scichina.com  csb.scichina.com



M G B & 2016568 Fe1H HL17H

FRIME. BER. S EEERT T 2T RS 2
Hr. WK AN [ B2 ot A} 2 5 9 AS A 75 3K, Shen!'4
BERRR S ATZHRBER R ARBEER AR
2 FE R, Bybee N ARIER R A LG L, TRAREE
“CEERT, R T R RRMESE I, AE 1
BERTT M MRZERMASRR: BIECE R
B F R — T Re tE IR 5 R R RBOR B — M T 1 R
EFHERR SRR -2 %ENRERR.

BTRZRRHME, ELBRIEPRLARS
] I — A ] A, 00 2 7 2% AT 4 s R U O b R
FR. BRI A RS R R AT R A A R 2 2R
E 2= oK), fMhTE 1983 FF4e H T ARBI =R I =4
FE: (1) %422 DA SR 400 24 5 b B B AR 35 4+ 10
A AR 2R (2) PR AR A O R BUA 5
(3) TEFFh/KF b B AR R B R 3T M A AL 2 152
Ml Bl ERR = E4EE, KONk H G AT E A
B ER AT R, 7 E R AR 2R R b
WAL ZHT, M ESFHARBERERAEFHESE
fil 3 2 R} 2% 2R A v £ 56 A Ay A

1.2 WIRA R~ RAFA R B bs fE——3< [ 2061 1 &)

UL ARM%ERFEFES T AREER
JR AR AE I BE AN N 2%, i A5 BT i B A AR
H AR BRI R IR bR, (B2, X FEI8a
APEE R R R, IXFE )G BT 2 B0 A IR 2
SFEEMAT. 8 1983 4 4 H—G 4R~ (ARER
MEXR: HESCERTELIT) MG Ry, EEETT
—W N —ERBERE, Lymy Rt R, i
HESES, BERFERN R AT EZEA, K
A S 24 J& 2061 i+ %70

1989 4= H AR 1 (T 1) 4436 /AR 2E) (BLTF
FROCTH M) )A2E“2061 TRV — i WA, &R
BERAPE LR AT, BENERNERE, B
W T 3a) A N R 1% B A RS R —— B BT
B D E R R TR B R R R H R,
1% R0 T8 AT DL R AR AR (FFER ST), X N“2061
TR BLE FF R T & PR FE B 8 7 B AR SR ). T ) )
Wt H A ERENG T, EEELKREAFRS L
RIOEI =R, H 90% & LL B4 2 /b gRik 2] 3 iR
X H AR 90% .

CHm ) #d 7TRERERNZ 8 X, EERFRY
HANXEAEMERM B, AARSRRARERY. HAR,
HAARE A SR =S 207 |, X7 AR A%
HAAS, BEAHRAMNSG M EER Y. JUEmER

1848

AR B B BB TR A 2 E R A R
B AR ELEMEE S, WIREIR . B MBORZ N
RILFA AL, WRENTRREAMFIR M, R, &8N
% A8 08 18 FRE 55 AR A SR 2 D 2 Ab B A A AT AL 2% 18]

Crm ) AR, WA R SEHEF M. 72 b Al
L, RERMES 1993 £ R T (BHERBREMED) , %
R G D) A 5 B AR SR 2 BB 2% 3R 5 14 25K 4% AN [F] £
FHENBESILEE ZFR. = FRERFR. NFER
ENFER NFRE+ ZFH), MUNAFTEEKE A
TEbR. (BIARFEME) ERFAERTERY 75 (H
MY SEeMHRIRMERAR. (RIERFEE) 2 — M
WHIR R AN E, EAHE LEHRMET —F
THE, SR8 K12 1R, MXSRENE (mm) 12
H 0 % T0UbR v, LAZRAS T ) B 2 R R

1996 4, 3% [ E KB B R B H 22 T
(SR [ [ X B2 20 A AR AE ) (DA eI PR R Bbm v D). (Bt
Hre) BEREECE. BTN AR R B
PO BN AR BEAEE RN BHEEHE K 6
ANTJ7THE. Ferh, R R RO R B B A AR AE R B A B AR
YRS R Py A bR R A AR AE SRR T TR R 2
BB M F A, H AR AEER DL O R AE.  (RHER
#E) SR SE S Bl BAEUEE, HE), REME X HIT
RANSENE, B R AR T CHE ) A (R HED
R AT BT 2 A S R T A 4 R A A A R
®, 542061 T8I — .

1.3 REAE AR SOREF HE i

BAVEFBEEAM R 2 A, T ER AR AT
FEHE IR, A RMUEERRGEIREER, 1 H
PLESEARPBARRR. (HY FEERT SRR 2T,
DB HE AR R IEN— N, BN T 24t
BENE, HEHPE IR ER AR, FHEH
FRHAMBA A M HAR R AE B EEEREARAE
£F 1996 FIFiE, WL T Cm R e EE AN AT
¥I”(Technology for All Americans Project, TFAAP), i @i
K12 #HEERRMEEAREFRBEE LG ARERM
AR TIAAP WISE— i ik (A fisEE AREARD
F 1996 KA, 10 4EJG BT RRE 28 (HT I BFTA A
A, AP ELSIE S 2R, TIAAP X F 2000 452/ T (5
AREFARE: HARZIMARY . (HARZFRHE) A8+
RIAF . BAREGS B RAEARMH AR RS
WAL 5 A4 20 AMsdE. ofdE (AR SE E A1)
HAR) sSEBH BbR, EEEBEARAEDRIEHE TS (B
REFFAAEY BLESCHF:  (RIAFEARZT R FEVE



TN

BNV % 8 5 KARBRIEEY (2003) CIURERESD: PP 224 IR
) (2003)s (SRILEBL: MEHAR KN (2005). (iHHI%:
3 FREARBEE) 2005). (KRBEMY: #E R MHEARZIm)
(2005)"".

CHE ) (BHEARAEY AN CEAR KRR =44
] 1 B R 2 1 R R bR I H B # R R R A
R, #om A IR ROR, Re N RN FEE R,
B AR MBI AR Z MK &L IX S bR I B 52
BEZEMATNAERSE, DI SRROREARE
K2 HE AR EAME B ARRR, HENIHF
FEIE A BN = B SRR R 2.

21 DIk, B THELI Y BRI N %5 ERA
EEFHeEEPRRENAH, ERERREHIE L
XHIR SRR OAELSE. EE BB S M EE
WEEARBF ST 1998 6l 5E T 1H i A BE A K E
BIEEBRE I A IE B ERRAE) 'Y, 1999 4,
EEHEFMAMFELZEENEZES SRR, HHE
BEARERZRS, TR THRSEXH (BEHARA
), UEmEEAMEERR. BRX—XHAHR
bl HOH]EAS B R AR AR T R A I A AE
48,2000 FHEEKFSHARBED S EZ RS H
BIEKZERSRERA T (HREEARNEEHE
fE B ER ) 1P, XEESHEFH ST 1999 4.
FEMKFIELST 2004 4F, B HI%E T AR
2005 FEEKRFE5HARBIEDSHR T RIEHEARE
BEFRWBHEMES DA, U(RSEHEEERIRE) N
Sehk, T RS TR BEA/ TEEEHER (B2
MITREAERERER) " DL EUME B EFird, B
R EH X RBERAEA R, HHRBHEE RS
MM FARNE SR ZR TR R EES.

ERLE R AR 580, A2 405 5 Ar e
PR KB E— R ARER b — L E R X
HYUREEFR R RN 21 B mH — AR, #E
EHBERREARNEGERER, RIHHAERYER
TENMARETRMNEMEE IR R, £ E B R M &
WEAEXERAASEEN (CEEAB RS E
#E) (2007 4E 11 AEHREEF I E LR =M
(& 21 B RE: AR IR D) (2003) 5 & 5

So 1 7 UL XA T R R IR R R A A
REFM—NERGE 7, ERFSRRX AT S E
iy, B5HAMERMERL X, ESMEH

1.4 JFEEZRZ XEE MR ZEE ik
M2061 THERI"E A, 7877 IR E AR 2 n o 2

MEBENRSERMFERZERELZERN, Fitk—77
MR TENEFHE, 75— J7 KR = R
Hum TRZHE. AiEBH YA ELE—ER
— AT R, Xk, BIERAMEE =R R
T — SRl 2 (0 4R A HE

H B0 7 B K AT RS A2 B 2
BN E I STEM #i . STEM & Fl %
(Science). A (Technology). 1. FE(Engineering)#l %2
(Mathematics) ¥ 15 & 7R 45 5" STEM # & 5 4 R
BRI E . B TR #ENTREE SR —1
R R, B B A A AR 2 S B B AR S L TR
AR gy — N PR S BB R N RO T AR, 5E
WEAERIA TR N IEE R RA RN G . A1F
A1 IR YR BE S AN SEER QBT RE ). STEM # B B E
BREERREBERERR. EARAERR. TEERAHK
FERPUNERWEGEREERR, XUNRFAHLEIE,
HAALS, £ [H g0 R W T K22 # Yakman T
2007 4E7E STEM At |, # kg STEAM™. M
Aart, ZR)ZEIBERGET AL BEREREES XL, it
IR R AR A, BBy &, il
TAEMG TR RS, a5 AN & B d.

Bribz 4, STS F1 HPS (& H M k) iz Rk,
STS A& &l % (Science). A (Technology)Fll # £ (Society)
MIEE F R85 . STS ZUH MR AR . R+
REFHMRFR, EUR S EORAE LG A S
EIRAE B, HPS #H £ &L 5 (History of
Science)- &} 2% # % (Philosophy of Science)fl #} 24t & 2%
(Sociology of Science) ¥ i #&. HPS # & =& & X 2 pridt
TR, BT, RIEHaPETHNAR, B
RTETIE . T2, e 2rER R AR F AR, 5%
AT B AR AL SRS P A BB U BE T, LRI HH R
T AR A R AR R

2009 4 DU PG A6 AAREE I A R B K R 22 K 5F 5
—H AT &, ZEX BT BRI 9 2 R
— &N, BN (FHEEE RN RS - RE
MRS T R 2, % R B R S
(B2 E R ENFA RS ) —&IE LR G THE
FRLFMKNE, BRETRZHEEMN 10 U AR 2
R 14 AN RMES, IWBHAZE AR H ok, DA
KM A, 0 7 s 8RS, Rl AME S
INRE A RV IBR R DA B R M 3 1) B S A B R A

2012 £E DR, SR T —AUKI12 B AR #E, AR
NGSS, T 2012~2015 FHESMA (K12 BHAHER
HEZL: SEBR. &2 XSS5 HOMAD (2012)%2, (Hi—1%

1849



M G B & 2016568 Fe1H HL17H

IR BB FRUE) (2013)%) (48 S 52t 3 — AR IR
FRUE) (2015)2Y, LEE BT K12 RIEE WA EMIER.
ZARHERRTE 1996 AR (SR E XA FH B IR E) JLm
LSRR, SR MAE S AR, NGSS MU 4
T RHEESE, BiE T EAMREN SN Stz
. ERZHEERSBREAEE, L. TXHS 5
DM A (LR S2). NGSS = 5K nos S B TR H AW 22
>, DN RLE . BiR. TR s miR N A 2
Hw AR iG55 3740 M7 in) A0 R ok 1) ) B 70, BRAR S
R XA, DA R Sk 5 R AR AR R A
NRNNEEE S 8 DU €L NP 2oy S VY
HEX S B RE R i, R R kA

L5 FFriordr

2061 THERIVZE A, 3 TE R R BT TH R
MPFpREENAT 30 MFk, IR, 4EHKH
Bt 70 B X F AT 40, AR & DUTR = U7 T FRE AL

(i) MNSEitfhEE, &0 CHATHAT I Ih Rk 2
ANTEHR. A b 3 e S R R E AN [ (R ML A ) R A
M 2% B #0 A T 2 SCk R0 St £5 i, B 40 SO BT AT
(R Th BE A R . BA<2061 +RI7 95, & =K =14
X, (MDY mRREEEEREAN, 22— XN
Bl R FArdE, FFHERNESECHRIFREHET — 8
SR EMGEAEL. (R RAEME) & () Mih
RS, RAEEMAKMIRGSR. R (Hr) [g
TR NN 1% H A T e R S R R W, JEXT TR
K-12 ARG 5 A eV i B 2% 50 T8 A0 3 48 [ RL 2 . B A0
FAR T M AR GEFEH T2, Ia (Bl
) B E TR B AR AR ¥RRNE R
BE, XTI —HEE R RZ I B AR R T &
W T (REBRAEY fR T X B BRI AR I
FEH TR AR B I SE R B KR, ERT
BN AR, BERERER T B BUTRL K
J&. B BE W BHEHE RNMEEHE i, 2
MRt J2 T B R EE R I — A AT R T 0.

ZJEH (AR EFARAE) B H bR Rh, B2 E
MEERHBEARERATHNE. WFEERA R %
H R T X 16 B bR AR AN ), Y R AN T i, IO R
O . ZF A MR H X R A A R 2 3R A i S
PERE A EE X M. X L R v SC AR AE 8 BT ER A R A B AR
SErt, S E0 A AR L R e AN 4R B M AR A B TR A
B — 1 O S R R, SEFEDY K12 B HE fidem A
REZERRMMRSE. EERZMNATRLSHE, &
LHE MY LR MR, F, @R AE R

1850

RIRARHER L, RIREmEEARRBIZEREA XM
BR. XERENEENRBRAR, H2, B T#HF
M K, schr EIERHF B4 & b acE K%l %
AR ES IR, X kR kR 6] E & B 3EBUR,
M2 AS[F 1 RIE AL . il & 2 2 o0, il 5E H R AR
W2 REM, Fr e ) ST &2 JE SR M 1, (235845 2R}
B BB RMEA S &R 2 R0

(i) NABREZE, B R-2-B K&,
“2061 T 5 B B =0 SO R BT (T ) Ak 1)
ImXEFRRR. EELFFE SRR, MR HE N
BTN, ATEZERERERMALE, 5
2AERBHA AT ELTMMI, A, FE. T
2 45 J7 THI A 2% 5 b AEBFF 70 B B2 R JF . X ORh R SURL 2
FRE AT R EE TR AR
— R CHF Y JoioRs 5 — > B 2 4 25 18 R 15
B RG AT, HT5EE N AT B AT 401k b i T
iy AR, BEAE SRR ES ATEN—A
KR E BB B, R I B B 5 R T AR 0 B AT gk AT
B8 B R 2 —AMEE e,

EER, “KRB ) BRBIERAND, 2NN ER
(R NGHT, (673 2 Bl Rl A BN — P 3. 753X Fl ot 35 1 0K
BT, B ECE AR e A TR 2 AT 40 R AR
HERFF FE B8 B — 10 SCAF R, DA A BEFT Ml S A i B 2, 88
IR R GEE, A 22 A AT AR A 2 3] R 2 AL
BEhnmm) . STEM #E R EHK R 2. HR. TREME
HEE. NGSS AMYAEE T STEM Frid VU4, fE45
M B R E R RSN, k. XS
5O, KPS XS T R ma

(i) MEBRXS M EE, AR EREAD R 2E
Brrpil e M FE R N A AR HERSR AL fERE ST AR
JR AR} 2 20H B AL A G0 K 5 IR IR, 36 ] 2R R
EMRA S BRI ES), $2H <A NEER 1
BEA, IR W T BB A <R AR R 4
B AT IR NBIE 9. B B JBE () 2% 38 ZE IR B2 H TR A
iR, BB REEAREF N TIERRE
DI 0] SR A I 2 BB 2% R FUKCF, I HOR A5 fE 1
RUE AR BUK, SRR b B PR B 0 R AT T IR
WHERBEEREMBZERREGNARBEFEL L
(0 o B (G PR B2 1) R AR PR R 22 B AR KR, B Rk
SRR AR TR BRI HEAE. Wk R
FIHEATMLE, RRJKE. XM, BAER
MR RR, B BT B

BV KA Rl - 532 E ) (T ) A (R
RIREEAE) AR E T R ERARER L, BT K



TN

Je v [ 53R ik T 5K T oK H AR A LR IR 08, R AR R
DR HEN A LR, BIAnGE R, =41 B IR e J vk

R T BL T S D T B A T BT 5% 0 B

FKHEOLHR R T ANRIUA B2 1 LK 5 e i
ARS8 R 1) 2L 2. S [ (9 ) = 2% 5 Ao o A O 1R
A e 77w R RR &, THIMA T REE WM.
sy e, Ao, BEEARE mNEREAR. JKE K
O AR BLERE 2 PRAE X 2 B St 0 o 2 2R 5 A v U B
A TEPARRL A R b, R BEERR, I
ZHRFRE. TR, ATEEREREAR, HXF2A
R R B AR L BB H bR UL AR S BT X 3.
RIS [ 5% B AR 2 3R T R SR A R S BOR L B TR K
JB. 2 STAG I ) R L0 A 2 1) RRE AT W o R SRR AR R 1
REJu, SR IS KBRS (e IR TT
T PR AN [ R, s 7R B 7R s T 8 Joe v I 5 DU B o
Al R PREE L B IR A TN R BOR A,
PRAE R KA.

2 BHEEZREMFU M — (FEIRFH
FER IR

2008 £F, BHECHEAEH S W E 7 ZIEAL R R,
L m R AT E R R EORE BT T H A %

KA, FHMER T B HEHARMERREMETXE,

2 W BT R R AT AT IC R, B (P EAR
BFERIEAE) (ERE R —F). & A LS & i
A (FEAEY MY, 78 B B d R TR A A,
HERIT =AM EE. IR, #iL=%4 ()& EH 2000
% 15~69 % W E AR N DT IPE. s H 5 E
i (FEHE) AL ERA IS %, 2012 R LS 3
RN SR i 30 R RN o I G U N
g, BEER. WIE . PUIEAARE RN A )i
TERME.

2013 4, 7E 2012 R MVF TAESEAL B, BIREE
BRI ILS I B R S RS AT i %4 (1) RHE & A
S B 30 o R A R R s s A AL B R R AR
REEFAF BEAFZRIFRRSHOERTE T
FOF A R E R R (SR & W —F) i 145
ST TR MBS, RS 50 AR
H A RBHERFREAE) (IERE N F). 2014 4, B
o (P EARBERFE M) (ERE W F) 7t
—BEIT, FT 8 A 9 AW IR “fERE W kAT
THEH, BEARMFERFTHAGEEERNER
HFEPAT T EAE BB, KRB E R s
NAR A, TR T (REARBHFSREFRERE) TERE W

=Fa), AEER R SRR SRR
Bl R EERE AR DY AU, 3L 23 SHEHE, 112 M40
WAL FE 12 A, BiEE AL R, o ChEAR
RIERREME) TRERNERS, FXIERE N =/
BHAT T B —IREIT.

2015 4, RIEMEBCREM S KBRS +RRE
W, IHEAEZRER. %H LM RBATEBE B %
B, HEER (PEARBERAERE) , HEREH
BRI T AE R B M uE [ 2015 4E 10 A 26~31 H A FFAF
KE W, ZRASFER IR BEaE MR =
ANSRIR, FLE 25 4k v, 130 AN HE 2 PO,

2016 4 4 H 18 H, (L) dRIE A RE £
WIER KA. (EEHEY EHEEA 18 AP UL, BFEAT
NEESHIHR R ANREMEAR, 2 (BHERAHNE) &
it P M 0 FE AR R R, A BT R R A RR A
B EA S TE, fReEARM Rt EE
REMIE S, (FEAEY LG 26 FHEM. 132 MM, &
Kikde ARTERLE IR LR T BB 5
W B&MRES, AW T A T AHN e 2, X
BT TR R UL,

2016 4= 4 H 18~30 H, 4= W3 s Ju 3« op 5 2 R
R REAMEM G R 2574 4, HhHiE 487 K. WUE
361 f5. JFEARMIME 1278 . Bz 254 k. BEE ) u
94 5. BE6S R, AIE 235, MZE M. FHITRTE
MBI R, MRS S R

REZHM K BT%)INA (FEHEY BT ™ E IR,
SRR R (VD FORL 22 M B R e, A EE 4 T
E, BigEAET (Gl R AP B AT
BN W R R (EAE) Hle R LR,
CHEHE D G HE BT B8 B AR A B[R] Fig 1) FLB A6 1 KN L) . %
LTREWEEEAREB R IEE, TN (i)
B, EARFEE AR T R SRR T E A
ot A BT RS S B A T H A S WA ER St
#Hm).

3 gl (ERBERFET KN

31 (ERBERRZEIRN) NFHS

o AP AN 1989 SFE T 4 S AN AT 7T P A ]
FHA R B AL 1990 4R, o [ B 72 3¢ [ K B i & 2
fifi b, i RE T E A RBE R REE HS LAETT
Traa xR A RBFER BT, & 2015 FOELR
JLIRSE L A RBH A R B LA, NEREHH M
B 5% BURE R 1) 2 - 46 1 A A i) B S8 i e 2

1851



M G B & 2016568 Fe1H HL17H

B, W RRPERR, S ERMEE, ARRSREERR
) R I 10% &5 N E 55 B B A Am g = B8
R

1999 4F, FEFp LRI EH & (O Tk
fiti< 4z B R AT B 1H Rl > 00 2 U0 (AT 1 R CE D),
P& OB 3 A BB 2 T BN S Gk 23 R IEUR i) 2
WHHRE. (ERB%ERFRATIITRD R N2049
17, BEE A E AL 100 A AERE, o E A RIE AN
HEEAR R, (B BEESRNEE. B
BT 2002 4F 4 45T 5k, fEHU (ERBERTAT
BNitRD B 77 2O 4 A BB E A R R R R A &R
GzH, REEEREN. XMEREAT 2006 4 (R
RRNEY WA,

(Bl RFNE) HAEE R E b EA R
RO EUEY , [ P2 A R AT A th X JE M 1 s U AT Py
FHRAT TR, (R RANE) KA 10 43k, BT
TE&E+ 0% iitEm A REFFRER, HLIES—EHH
= SR PN 2 S AN A ) P 2 T

R R E A REF R R PORE A, A& R
SERFER LERMEE RS, FEEH 2015 FHH
RWEIHHR (ARBFRARINEAR) . 7£RINEA YR
BZH, NTR%. MV S BH BUE R A, I
k3R E A KRB SR FREENG MG e, F TR
(ERBHERE RN CLTFERKR (EIRN) HH
MAMEES TIE. B (AREB¥ERARVEA) HE
B AL WS A RN AT, A A RBIEER S, UH RS
N SR 2T RN B AR

(RN LA“DUFRIM e J1 B, BTy
BIRBEVR . RIS IHET. R e, ke el
B AR R, MRS T IR E R IR 3 kR g, DA
BESR BB A —EHE KT iR, SRE NS A
RFEF 2= TR, RIE SR 5 208 W5 R TE
PrifE, DASEIA REIFRTRE A R AREFE
EHRRANEW, FRFARS TIE. (FIARN) K
FBER . . RGN, AUEEME. ’AACHER
J ).

EULERS5HEENNEST, PEBHAHLS
MR L K% #H, STENING R B HE R %
KU PR AERAT TR, R b, #iEkE FHE
BEEERE KNSR R EB B S RAREH A
B A6y KA ay Bl 2 22 Be o A6 B0 e K 22 Hh 3 2
51g R 2B ATl K A R 2 s 5 R 2 SR R
B Jb 3 T KA S H &R 2 2B AN R & K ]
NEFRS TIE. BNEXB N EmS N 2558505 5

1852

UL BB IR E A TR B2 RS, X (3]
KA BIR 21 AN 2R G50 AT ™ 2% W FEAR 48 &5 gk AT
TSN, 2R ERRIEMFEMEL FERTZ 30
TIFH CEIARRY . (FEIARN) UREERARE
FRANHW, WRESEAR, HRKEERE, BaSR
S PHNRA T L, RURN R AR, X5 MR R A
Pl E, FHRiARESHE B 5 AN S

CESI RN 0 \AEGY, 7 5 &5 7k
HrEER. WRERE. a5k, MBS0,
TREEER, BiES5HE. 5 EBULE S3). 81
WA ERA D B = REN, BN — KGR %
4 1 P 2 A A B R HE SR T I, DL 15 R %
SHEIRE —ANRGEEEM T Ho, BEAES)
FAGHAES, REMIRAA 31 4 BFESEEA
EHEAMS, RERRL 45 4, WREREA SN
o, REFRM 734 EdSEREa st M S, K
PN A 81 AN HuBR G IR AL & = A4y, R AR AT
46 N TRESHARGE =AM, KGR 40 4 #
5o E& By, REMIRE 24 I BBHER
RAE EAMS, RFEHRK 454

CEIIRPNY RHEBMIRA, RS, SHHALEH
B TE 25 RS 1) R 5, 7E R R B2 AR i[RI, 3
AR 8 SRk, HEALEARLE M T, IR Bk
R R A PRI RL T AR 4, DR E A
RMRHE R, 3 m A AN A R 5018 4b 21 52 B 1) 8
N AR E RS P/NEE & i CEIRRNY REREA
PRk 2% 20 2 U 1) 25 il 0 AR RO A% 0 AT, AU A
REFZZRA T HENE, BARRE 5E 0 KR
BEAR A A A AR e, 18 FRVE L B H AT RS B4
PL (KN AEW TR SMBEA R, BRI
WETAREXAFEANBRR R EA, L —5
FHRT —RIVBHE G, P EARES R RS —
B FEARBER RN -, K TIE 400 A
B ahig . Bl (RN CE5ER T ITE 9
H. EREREIN ERA A RWAEK A TAE, it
BTFEMBERM%REBTHTRHNETEHNAZIE
KA.

3.2 BHEEER RN AR SN E I

PAER (23R F (A RBFERFR RS EA)
RS T ARPARFE RS, E% 8 H K
N HEATH AR RE A R B 8 BB K, T S A % R LR
(ARBHERRARIIEAR) BRI (K FIHERAM
BRI TN RAMER SRR BTIR. (



RN R FEAiE RSO, BRSEE () R4,
EHY 30 AFEI T AMERREAEST, RELAR
Pt 2% HL 4% () I BHA R AR SR 2. RIS, 1F
et CERERKAS R, —BRH2R R 2Tk
XHEEEARMERFE RPN, REHEERNERR
v A R A AR G A R AT

2015 4 11 7, PEBHELELIF BN ES) T
(ERBARRFZTRHP) (LU R CBARK R )
WMELE —MedEAR. MEEROEE, AMUNE
et MR, T HNA S AL . A IERER, —
MR AREENINEFTAN, BAEER
ARG RHE AR, T H MR &SRR B K. 5K EH
— B2 U bR #E(NGSS) & X2 #FHERA =4
YERE, HrpsE —ANYE R R N R A L BN TR
(K22 3], AL AR F B AE ) SORE 52 3R 5 AR AR 28 rp ok
sz B EA. R 2015 FREIIRARFIERTIFE
g R AT, ARMN T S @R R 55
77 T R E B R B, e AR S BOR I TH A2 LR
B AR B, U LA [ 20 T R R AR B BOR BB
) Tk A JR AN, ERIET MR B A S KRB, 7
ARBUFT A E G 20257 Mg R T T, e RN
BORFIRRE — T B SRR S M E R T AR, X
BARRRBIATHAR I ME (BARRKFARHN) , A

FHEAF B 152 SR

R T i i A RIBOR R IR RPN R T

HE— 2 iy, o R PR g 2 0] 3R A IR R R
BATIRABIR, HRIRE (CRERREYIRHN). (EE
RIFFAIRH) M ABEERFTEIRP) , UKIFEM
REFRMIPAR, NikmEE SR FRE, RSN
e 3 31 20 5% 1o A T M2 AN 55 )

4 ZERE

(GEE I RERE AR ERREEN—NE
FERR, WMVFIX A SO AZTE — SR AR I M 7, (EAT) 2 B i
AR EE 2R, A% R TAEH — AU
M2, RATHIR (B dE) 2 RS ™ 3 4 | R
IR, FATHN Z IR, 26 &FEAE. 132 DU NI
TR mEHREARBZERZRVAAALE. Hk
BREEZFISER R, Db (M) f1 (2%
SJRHNY AR Z TR ERAR TR, RAEERA
xR E RN FE SRS, TEEZH
RELE. TREAR. #E. B, BET%. B4k
BEGHMBFRMEE, e AREH UBEER
FRTHRMRIF R EARER. TREERUEEERR
HFRIIARTEAR, Tl —FRARNFHRRAEREL
SRR i80S e TR A RS SR

1 Shen B S P. Scientific literacy and the public understanding of science. In: Day S, ed. Communication of Scientific Information. Basel:

Karger, 1975. 44-52

wm AW N

Bybee R W. Achieving scientific literacy: From purpose to practices. In: Rodger W B, ed. Portsmouth, NH: Heinemann, 1997. 75
Miller J D. Scientific Literacy: A Conceptual and Erapirical Review. Daedalus, 1983, 2
Miller J D. The measurement of civic scientific literacy. Public Understand Sci, 1998, (7): 203-223

10

11
12

Nation Commission on Excellence in Education. A Nation at Risk: The Imperative for Educational Reform. Washington D C: US Gov-
ernment Printing Office, 1983

American Association for Advancement of Science. Science for all Americans. New York: Oxford University Press, 1990 [25 B B} A i3
Mo, WAL EARRE. PEBEEARRS, ¥ AR B L WAL, 2001]

American Association for Advancement of Science. Benchmarks for Science Literacy. New York: Oxford UniversityPress, 1993 [ [ £}
et e, BRI, hER RO, B bR b S R, 2001]

National Committee on Science Education Standards and Assessment. National Science Education Standards: Observe, Interact, Change,
Learn. Washington DC: National Academy Press, 1996

The International Technology Education Association. Technology for A1l Americans: A Rationale and Structure for the Study of Tech-
nology. Washington DC: National Academy Press, 1996

Ren D C, Zheng D. On the establishment and evolution of the standards of citizens’ scientific and technological literacy in the USA (in
Chinese). Guizhou Soc Sci, 2010, 24: 17-30 [fEERK, FF. KE N RFFAHARFARMER BRI, SHNF& R, 2010, 24:
17-30]

AASL & AECT. Information Literacy Standards for Student Learning. Chicago: AASL, 1998

Committee on Information Technology Literacy. Being Fluent with Information Technology. Washington D C: National Academies Press,
1999

1853



M G B & 2016568 Fe1H HL17H

13

14

15

16

17

18

19

20

21

22

23

24

25
26

Association of College and Research Libraries. Information Literacy Competency Standards for High Education. Chicago: ACRL, 2004
LA/ALCR/STS Task Force. Information Literacy for Science and Engineering/Technology. Chicago: ACRL, 2005

The Green Bay Area Public School District Board of Education. Standards 8L Benchmarks, 2016-05-09

North Central Regional Educational Laboratory. enGauge. 21st Century Skills: Literacy in the Digital Age. California: Metiri Group,
2003

Maryland State STEM Standards of Practice Framework Grades 6-12, Maryland: Maryland State Department of Education, 2012

Ju S T, Gao H B, Yan S. Research of adult citizen’s science learning in China under a perspective of lifelong learning (in Chinese). Stud
Sci Popular, 2015, (4): 44-51 [0 8.85, wzom, Bk, &5 A FRERFE A REE 2 NETT AR, RHETER. 2015, @):
44-51]

Fu Q, Wang C X. When maker in STEAM education (in Chinese). Mod Educ Technol, 2014, 24: 37-42 [{##, T, HEI%#E -
STEAM #(H. BIUREBHR, 2014, 24:37-42]

Huang X. The research on the characteristics of STS education (in Chinese). Comp Educ Rev, 2002, (9): 30-35 [#1%. it STS # & HI4F
A WBEHE WA, 2002, (9): 30-35]

Zhang Y X. The research of the compact on science education of HPS (in Chinese). Mod Enterp Educ, 2014, (12): 297-298 [ik iz 75. HPS
HE X R HCE R, B #E, 2014, (12): 297-298]

National Research Council. A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas. Washington DC:
The National Academies Press, 2012

National Research Council. Next Generation Science Standards: For States, By States. Washington DC : The National Academies Press,
2013

National Research Council. Guide to Implementing the Next Generation Science Standards. Washington DC: The National Academies
Press, 2015

Royal Society. The Public Understanding of Science. London: The Royal Society, 1985. 9-12

Li Q, Yang C, Wang X T. The Research on “The Benchmark of Civic Scientific Literacy in China” (in Chinese). Annual Report on Chi-
na’s Civic Scientific Literacy(2015-2016). Beijing: Social Sciences Academic Press, 2016. 61-63 [Z#, B, LK. (HEARE
SEFRFIEAED) FFRLEE. A RAFE R RR A (2015~2016). b5 L2 RE SClk R AL, 2016. 61-63]

*hFER R

81 () 4T A RBHEER AR
# 82 NGSS ¢ IR 280 =N L AR A
# 83  (ERPBIFRTEIRN) HINEBT

AL _EANFERRL LI £ R csb.scichina.com. #hFEM R EH SR UL IR a6 8cdE, 1R X 2 ARBEM N F 75T

1854



Benchmark of civic scientific literacy: the inspiration of
international achievements and the exploration in China

GAO HongBin & JU SiTing

China Research Institute for Science Popularization, Beijing100081, China

In April 2016, Ministry of Science and Technology enacted a specification called “The Benchmark of Civic Scientific
Literacy in China”, which had a roused general concern and dispute. This paper summarized and discussed these disputes.
On this basis, the international (especially America) research work and achievements on the concept and structure of
civic scientific literacy, the process to develop those civic scientific literacy standards, as well as the development of their
contents were analyzed and combed. The characteristics and the regularity about the international work were summarized,
which may have implications for the related research work in China. At least three characteristics were found from the
documents released: (1) From the perspective of the implementation, the functions performed by each document were
different. These documents were made by different agencies, and each had supporting documents and implementation
measures, and performed different functions. (2) From the perspective of the content evolution, there was a research trend
of “general-divide-general”. The most important three documents of “2061 project” were on the base of general scientific
literacy. Then, the literacy standard researches on technology, information, engineering and other aspects were performed
continuously. Recently the amalgamation of disciplines was reflected from the NGSS (Next Generation Science Standards)
and STEM (Science Technology Engineering Mathematics). (3) From the perspective of the international comparison,
there was significantly different on the contents and standards among different countries in different social contexts.
Developed countries had high starting point of the standard, which more emphasized on scientific methods and thinking
habits, and how to use them to make judgment, decision and solve problems, while developing countries had low starting
point of the standard, which pay more attention to agriculture, health, environment, and basic technology of measurement
used in the daily life. Then it introduced the process and progress of research work on the benchmark of civic scientific
literacy in China, especially the “The Learning Outline of Scientific Literacy for All Chinese”, of which the function
definition, the process of writing, the content and the application were presented. Finally, the suggestions, planning and
outlooks on further civic scientific literacy standards researches in China were given in this paper.

benchmark of civic scientific literacy, “The Learning Outline of Scientific Literacy for All Chinese”, science
popularization, science education
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Table S1  Suggestions on civic scientific literacy in “Science for All Americans”
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Table S2 The framework of science education in NGSS
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Table S3 The framework of “The Learning Outline for Scientific Literacy to All Chinese”
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