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5 EERE FE I N E R R RSN,
o] B AR5 I FE UMERR AL TR S48 . Horh, 52
% I [6] /4 (Community of Practice ) ¢ 5% I & T 3t
[7) S B UMY e 2 B 80 5 AR I A B, e
[ “STEM 222 A& 2448107 (STEM Learning
Ecosystems Initiative) ‘B 77 3C 4 B #f 1E b #% 0> #f
‘% (STEM Ecosystems, 2025a) ; 4= 75 2% 2J #1i£ (Eco-
logical Learning) 5 73 2% 4 N 5 I EERp4: B 5
By FE, R L R E T HLR, SRS
RGO G 5 %I P [ J7 1 A9 & J (National
Research Council, 2009) ; £& 4 5 i #i% (Collective
Impact) 28 £ 2 50 F AR [F] 4 2 & 2% U8R (4T
B, HERRGENH EAETT 5 TR R
HE 2 % 7 (Kania & Kramer, 2011) . E I, STEM
IR R 5 AR GRBE | A XA S (AL 2 A LY
o AR, BRI IR A A, SO R AR IE 2 2

(Bangetal., 2010; Banks et al., 2007; Bell et al., 2012) ,
TEX —HEMHES T, EIER = B E A
STEM # B K Z, i STEM 2 3 H: 75 R G bl it 4243t
TS B AL . 2009 4F, 3 E E KR T RS

(National Research Council, 2009) & #f {4F IE. 23R 53
MIREEEeE S N G 5 s )i, PR i
BRI A0 H SR E SR A AR HH R
o 2014 4E DK, SCE KA STEM 27 J B 5
B K Sk (MRET 4, 2017) . 2014 4F, EEEFK
it 5% 2% b1 25 #0 00 IK ) & 51 23 (Teacher Advisory
Council of the National Research Council) 5 Jill N
I 2 B BRA E I “ STEM % 2] A A TE”
S EMT S, IR IER JEIEX SR EF W
WERE, FFRARDT STEM %3 =B R G M S
55 74 (National Research Council, 2014) . [F4E,
7 3 4> 25 (Noyce Foundation) & #i {5 #0115 1F
AT HES]) STEM 2 > Ml i, Bl “ A R 587
LIy 20 B IR B PRI 454, o STEM 2% ] AL S R GE
T AT . RN | B 54X
2155 2 It K 1 A B N 4% (Traphagen & Traill,
2014)

TEFL S 5 BUR B9 ACE #E3h T, 26 [ 45 H Bk
#eif STEM 7 > AR 28 R g gt ik, JF 38 i 5 DX B oy
YRR 25 SCBL BT IR AL =2 S P R A % o 2015 48, ik {7
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1y % 4> 2% (Noyce Foundation) 55 5 3F & F1| 2H 2 <7
STEM % Bh # ™ 4% (STEM Funders Network) , 3 &
i “STEM “# ] LA RGARW T, 78 4 [ 1 27
AN R R, A EE STEM % & AR 28 2R 40 50 e 2 [m] 14
(STEM Ecosystems, 2025b) . Z {81 & 7 1 50 45 Hs
i STEM ARG, BOTHTUR A STEM 2 2 (K5,
JF¥ % > 4 il [n) STEM WL 5 55 5l Jy i 3 1) i 42,
PR S BT 5 & TR R 8 E 5 (STEM
Ecosystems, 2025¢) . % 2025 4 7 7, %L Bt
AR E & M T o 25 ] 43 AN B2 BT AR & | fngE ke,
FHE LI, UK L@ 5 e &5 78 A A T
B 8 A [ AL 1214 i 2 BREUE BB M
% (STEM Ecosystems, 2025a) . %M 4% i STEM H
i # & W 55 Fr (Teaching Institute for Excellence in
STEM) Gt % iz, T ot s LRI | ol B2 3 1 5 75 3
MY, BN T RHEMEBREZ LA
RIS S R B S 5

2018 4F 2, STEM %% ) A 35 R G il i p E L4
AR E W, HE M STEM #H & e
(CoSTEM) % A7 14 { il 72 il 2 % £k - 5% [ STEM #{
U ) UK “ B F RS STEM LRI RS R
g7 B BURAR e F I, SR A 200 EAR YA
5 )2 94 A S STEM #L & Y\ IR & & (National
Science and Technology Council, 2018) . 2022 4,
G AR 22 ) U $2 HH 5 F STEM A S R4,
LA STEM 20 BT IR, $2 7H B A & 2 hE (US.
Congress, 2022) . 2024 4F, FI'E RHLBUR A % &
Aii (HEE STEM Z 5 FIfE 37 STEM A A BRIR Mmg 11
KD, B A B R B A0 P[] 0 2% 5 AR 2
ARG R EZK STEM A A it & H bR il 56 it i
1, A LB STEM BB Z RSO ES Z—
(National Science and Technology Council, 2024) .
Z I, STEM ¢ A S R G5B T MBS AR, M
T, BBl A G T ATRIR S vk i B AL
I AR, B LA Z o0 ME . ZR Geih BRI 5 37 3 ke
B NFHER BB BE 451

K[ STEM “# M A S R G ALY H 4500 W, 78
—ERE BRI SEAR TN, (I 2 R E H
DAL BB S RGO . BN, A7
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(Liou & Daly, 2021) LA} “FF IR #2117 STEM 27 >J 4t
] 4 1 B ) 28 5 () 5% 5 4, 2018) o X Yl 4F
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ERXL HEEX SN E, BT MER L
JCRL A2 S IR, L R F R e 2T P A
5 STEM ZE #% . BRI 5, X Seiff 5% sk = XF 36 [
STEM £ & R G0 ke IR 5 HAVERE ) Rge k. &
SR . ARBFSTEEEL “ STEM 4 2] £ S R 518
W BEN IR ADRERLAEBSRENFRN L,
R I Oy Wk AR 0 H AR IR AT sl AR
KA H | SEERBUR 5 G EM 4 AE A, BT H 2%
AL A S5 B AT R 3 B AR AE LA I
Ped% o (H15— A0S, 2025 4R 1A EZ B IR L+
JAAE, R8T T 10 7 A8 38 B A B0 26 I+ 48 &
RN G250 BAE K2, IR AR T RS0
[ it 1) 2 AL,

ZAERERKRAE Y
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VESCAL 5%l R R AEAEE . IR A G H &R Gtk
eS8 5, AU 1 LASE B A A0
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HA 2 4R 5 SR PR
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S B AL W AR PSR KRR AN S
DU g5 Fij e 5 4% 45 75 90 (Wenger-Trayner & Wenger-
Trayner, 2015) #& i, FI LA R AT 4nfa] PR ] 1% 2%
A E A S T 2 RS EL S AR, I i R
PRS2 2 58000 . BRI, 2 > IFRAYL
TR B K Az, T2 7 52 AL R Y B 3l v AR A
SRR R B = AL OE R — R
1 4 (domain ) , & 3 [FABEE 21 AN (B LAl

LA & H PR IR] ~7 T 9 IR IR, 5 9 52 e 7 iR
A R B A LA

2 B R R B i L I B U O AR A R S
AL G T2 R PR TIRIEHEZL. 1) il

N5 TR, BE B At 2 | BUR 5 3R B AR 4k
2)ATIF R 5 AR R %3, RISl #5350 11 MR AL it
5, B AU R 3) #0E A [F]JE RN B
Z 5, ZO0R . GRS 58 55FWEE, B
I JZRCH B M 45 4) 1 R o8 3 5 RN B+ X 25 T
REEEA FE it =2 &, SR /NIEE . TR G2 0
5)RAEME, BITA IMEE S Ll 2 ) % AKX
PR EA B SCRE R 105 6) 4565 AR IS 2%
AR, B OR 37 AR 28 R G A e PR IRl I, Bl A6 oo
2, BRI 2 50 7) At XA Y 22 R, BIE
91 TF R % 2l A0 58 U AL 4 AL TR O 5 ORG
(Wenger-Trayner & Wenger-Trayner, 2015) . It 4},
S AL R IR E AE R A% O—NS T G5, AR
B 52 AR AR TR I 28 A 0 4R 25
BAERZ EHIE R SIS 5. X — Rk
fi# STEM AR R G b7 Al . S5 FARTE D)
Ve B 5 ol A 1 10 22 PR LS S0 (Wenger-
Trayner & Wenger-Trayner, 2015) .

STEM ARGt “XCRML” Mk
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B B8 1 B B 7 S 2 ST WL o IR BRI R R 2
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75 0] 2 & 19 & e i 72 (Barron, 2006) o 2% > F 1
FRE . PR AL X R A5 ] 45 PR B 4 2L 1.5, A

.57 .



F, A, B, RGN R G A, £ 0 STEM # 3 A & AWtk 3) A B 755 L%

B,

OER. 2025, 31(5)

AR “2EAERT . M, HEIREE .
Fh S BE R 5 5 2T W2 Z ) 1 G IR B 40 A 23 B AL BT
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A LI R N7 5 B U AT R PR Pk o B T
B, R RETE N X BT | S 25 5 5 S R
XFEJT, S STEM 22 ) HE B RGN 7 2
B . EREXSEGEE g 5, %
A FEAE “ N—Hb—35 3l 7 RS E B A R
P E# B0y 5 KRR T, W A A2 2 BB G
T 1Y 4% 0> 138 (Bevan & Michalchik, 2013; National
Research Council, 2009) .

(Z) Rt Z AL H B EXREH

SIS R H 20 R JE 5 b 5 e o H R
(Kania & Kramer, 2011) £t , 58 8 7 &2 244+ 2 15080
SR G AR T LA Y G B AR ) IR
M E KR M ERIENAT ) FFE0EE 55 T
LR IR A EEf#H STEM 2 AR R G0
VRSB |« F1e L Al SRS AR E R 2L T
JPrRA HR UL T HOS A . FESC R, 45 STEM
A R G S [R) S s i 7 BRSO, 38 0 AR B
G FHALHEE T, RS 517307
8. 78 STEM AR B RGEh Z LM BS sl |
I 36 B AL 5 DT AR ) A A S T, SRR T
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4600 Z P2 AL A 5175 1E KA (STEM
Ecosystems, 2025d) . 28 —, iZfB IR 55 1 € E A +
B R G PE R BB Z 0, g IR A L
STEM 4= 45 & Gt is 47 AL i $2 (i = il 4l o 56
12 MR RGAR MRS IEF AT 53 Ry 22 SIS
Z 4i (statewide) F1 90 /> Hli J5 /IX 35 (regional/local)
HEBRG, BrENETESMNGE; FERER
(county) . T (city) . 5 [X . Hi[X (region) 5 #f i [l
(metropolitan area) , A 5 5 (1) 1 3k 7 M 5 2% S+ 4k
FEAE
A B 5% A T e A AR SR, R R s T
2025 4F 1 H, HIHMEBUE R AT B9 3 H A B RS
100 4 (4 Bk AL 107 45) 5 20254 3 H, IR =
112 A (A Bk 121 4), AFFE I BABE B AR 58 1 8 1
ABRERBIENE . BRI DEE M
XPEEARINH REERREING; DS ERRAE
W& AR R B B bR AT sh e e HR T H | S
RSB AEM L SFESCARTIRE, T2, SCh T
M)A 28 RGERBIE R BARFEA T T IHY4 204, BR A
5 NSNS SCRAE, AL TR 15—
B BT A ARG B35 PTAEAB WU 3145
AR R M 3 B3 B vk (Reflexive The-
matic Analysis Method ) £ i Fl1 = 28 T iic 48 21 19 SCAR
#4 ¥t (Braun & Clarke, 2021), £ 4% : 1) &b KL
G oy ) R e AR SUA A KL, TE i A0 B
IEbnE R IR G . 2) Wl iR dntt o Bl SE At
5% 0] REAL S TF TR ) 0 I A HE AR, PR S AR B R G
A BHIIIME. S5 HEREEES . ¥
SRR BOM A R SRR SRR B4
fic B AN TG, 3) FMA S5k, F
T35 58 WA I St Fe AT AR v b, RO S S
KT, 8 T B R LA A A AR &R, BE )AL R, a0
“HE M STEM 55 8 135327 “Zou EREE" “#
BRI AR NI RIS “Hm
Tl B SCRE” BN LR B AL ]~ 4
4) FBH A WP EES RSB T R
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5) a4 SN . FEAS W SCAR 5 8 R P
R T R 1 R e 5 4 DA i e o N L S B
Wil i, AR, 6) IS airiks . MnE
DU 20 S 1) U HESE, R G0 2 BL5E [ STEM
AEBRGMGE A | B TRAE S B HR AR

W AT w5 B RS

K[ STEM 2% 5 A8 R G0 248 AR K,
EZERESMMED T HRGEERN . ACKE
VAL R = A2 TH : A BR)ZTH P4 S P 2 E B
AFE R, [ bR )2 T 058 A% R R AN A B3 T,
PN T 09 280 5 ol 5 I R 5 o B 4
1) R GEE A

(—)® L ARARTHRE S ZHEETHERA

“apktt 2 kiK% 7 (Global Societal Challenge)
HE A R “ A28 20207 1K1 (Horizon 2020) $2
R R SR AR AL KR R | BB IR 2 4 ) 4%
B A AR, i S ] s EL A R BN A
Rt 5 ERHEE, DI — B %0 1 2E A
BOMEL AR R A RAE I A5 . STEM %)
AR RGN Z 0 EARUME, smiE =R RLG 5 st
SR 1 WS DD e o= O o 1 o o 2 A 1 VAP D
2019 4F 3 el BEAE R f41], 3K — A RS e AR S 4

T (I A ACSTEMIL ] 22 5 23 [X STEM 0 2%

772 STEM s (ST |
Ecosystems

Bl ¥ €M DI
STEM/: & A%t

LA M IX GH A FI 25 M 56 T7, 418 STEM 22 2]
HEBRGE, VNPT R E A5 522
W 1 R, DA B b i 7 S WA A ) 4 BRER R

(D) BREEH/E T ZLUAT E 2 FEE

] B 56 4 A% Jm A2 At i 4 95 [ STEM # A 1Y
WO ST B L E T AF b AE PISA I
2B HTE, SR EA R AT RANESRE”
(STEM Ecosystems, 2018) . iX 5| %& 3& [H # & A X}
HERRBEER 7 EASERES AL RHEM
X A SR AS S A8 1 £ I, B B £ 1Y) STEM 2%
AEBRGN “BERETERIANAT BRI
iy . 40, 40 B 50 STEM B 25 2 4¢ 4= MY i i
STEM #( H & Ft 2= ) & i 2R354 J7; #5 H STEM
FHHRIIA Ky, STEM 208 5 85 V100 B 35 e s 1% b X 2
i 2 A5 BE7E 2 Bk T ) 58 4 1 = B RE 97 30 1 BT
BT X —fiifiy, 25 M AR TS R G0 R IR AR
[vi] R e | Y403 RE 7 R4 ) SRR A 4 L )
B B . % HL 3k N AR B STEM 2% 3 4=
BRGEE) T Bh2e A E R A 2R U b U A
Ty e 75 B e v B A L B L PME S T e
(STEM Ecosystems, 2025¢) .

BEE STEM ;b 7 #E 3y [5] 5 F1 b X 28 55 16 )
Hh 3 ROR B G BE Y A 1, A2 STEM A A 1Y
SRAFFLEE K o B WoR, €[ 2016 4B

1 E£ESTEMEIEBREMESFHY
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75 2K EE 2006 4F 3 K 35%(STEM Ecosystems,
2018) . USRI SR 4], STEM 2K < iz 2017 2
2027 4E ) P 21%, FEAE P FIHHEHLE AR,
Se i . TS AR S B AR R 2 S A R
(STEM Ecosystems, 2025f) . #K 11, 52 ¥ 57 8l J1 17
W e A I8 H 280 e, A A B RE S a3 Bk
G T A T 240 A R T DB 3 Ay R 3 — (1) S
2 FIHE IX 4y 23 STEM A A 85 3546 e 5 28 3%
WKW R, 5l SR R TR AR
B STEM 17 b &g sE 88 “ WOl s 2 7 Bl A&
A RS W H br % L (STEM Ecosystems, 2025g;
STEM Ecosystems, 2025h) . iX — #4 #\ 5 5& [ [ %
R 2 B 9 [ IR IS IBRRT & A 1 1 45y AR A
STEM # & & J& L ] —— (ol 5 Al oy s 2k« 26
STEM # 75 f W ) (HfE i STEM % & F1 1% 5% STEM
T BB R R ), 357 5 R LA Ay 4 [ % 5
G ). KA TR RN g T H
(Z)REFREE 5 I LT o) Kk
“E|ZUPE” A STEM 2% E S R4 T E
R DR B A O RE 2, R B BAE AN D5 T He—, &5 B
BHE Z M Z 450, ¥mERTHE . &8
HE SR HE Z R E T, 224 NERaE
i) B 37 i I BH 7, ELME LA 2 STEM 40Uk (19 A A5
S HD, EXHFHEEXABFZMELZ 5,
WHH 5P IRINE 355K BE A ML 3h, BR
) BAE E LB N LR S 25 A R R
STEM 2% 2 /& R 4 B 768 i £ )7 I EH#
HCHE I BGEALE], BN TR R R
ek AR A & . il P AR RS
(BoSTEM) H I 1 1 it J B 1 Jie 2 =) B B 1 g
BB A NSRS 2015 FE LR AR, kA —Htt e
S AR B M AL, J 6 B SAER AR IR S
STEM PR 5HLL IR R L, # B i1k 21 4
TAERIRAELF eSS . B va ML AEE R G A
At X 2% B¢ (Bergen Community College) 4% 3k, £ /)
T5 K- 12X BUFHLE . & 55 2F LA LA R
JEFNRLE TR T L ST R, M K-12 B 5 55
A HRAT A BT E S STEM #F B A% .
LRI L, STEM 22 A B R G WIT A H
B B 22 (B A T 2, 303 2o 4 5l 1E X2 2] B R S A
. 60 -

XS, TR0l o Br—2S [l —HRL (Y B[R]
foo X—FHXBHLE], s R R ptE gt | 1
SR A L2, IR 1 A= 25 > B T o 8 1Y

RIS (0%
A GEATHAE S HUH)

STEM 4 A& R Gt o 231 T FEG 2L, A
[ 272 > [ A% B RIS [ B2 R R G L 20T Ll g
PETHREE A FIRBE S HLS], M R E B ITIIR R .
AT AW AL B v, STEM 22 A R R G R
2SRV B S AN OB P §1 Aot sY N0 7)
VER iS5 T2 2 e m kR 5 ae iR Tt

(=) R A RS B TaR

fEZTCUMENLSI Y, “ILFERER” 5 “BT X
R 2D MES RE R BEEEN RO ZE
LR R T A 2 5 75 %8 STEM # 5 & JE iy 3k
] H A5 5 0] % B TR, 9% 52 LI A28 8 A AR IA
[6] 5478 7K 3% (Kania & Kramer, 2011) ., 7F “STEM
HJERRGBI” ERT, K AESREETZ
J5 UME T E A1 & R, A E S BRI I R
Mo BT HLUE T BB P S PAT AL
S B3 DX 38R A M B B PEATE, 67 B R 3L R IR A 75
oS . HHATT IR BOR M W 4Bk, ikt
EHANASEFE SR S THLR ST YA, B
IR, BEV . ., SEE R AL 4S50
Pk th= 580 BHASFEE& XA 55K
ENE S R IR RCE IR 2 IR AP S =N
— HAn PRl G AR, TEBORHIE . BEIRECE . 77l
B 4L sh R SRS LA ALY HEDh
STEM “# AR ARG Rzt 5 A R(WE 1),

HAMCKE, BUNTEA SRR rh 3 2R 355
Kl 50 BOCCRAVE R, 38 2 311850
FEEGE N SRR R . B N BUR ]
RN HEMF B, WA 2 R Gk e B ka9,
EKEABEEL “HF QB EWR” THR
15 1 X, STEM 3 H 4 {1 g 191 1. 4F 390 J7 36 0 5% Bl
2020 4F, M ACEI T STEM A 38 R G315 58
=] [ B 8 STEM #0 & B6 B i D[R] S5, sl By &
SRS BE RENES

BV IR EEFTIMN, FEERG T



F, A, B, RGN R G A, £ 0 STEM # 3 A & AWtk 3) A B 755 L%

Pedk, OER. 2025,31(5)
F1 STEMEINAETESZREERAEHS T EZHNG
SIEE R T TEA = F AL
B STEM 2075 5 FH I3 ECH Ao i
WA R M7 BOTE . BT L R SB35 R A A 25 50
o) | OV SRR FRR oo, g v | oo SRR AR IR SR
A X Tilt £ B AL 11
4
K-12 24 £ 5 B R 20E M STEM 135 &
Ke12 2R . 57 (L) Bk . SHRFBLES VIR RHIFAE Jy KL 0L A
HATHLE WS OROBER RO | s R | o ook PRI R R AR A
(ERERmE. PF5h.e) . BELG A A% 0 S
AR
. AR . BB R A NE0] | 5 LS BT BB 2 SR e | BAVE 4 . BB 50 28 0 BRI R
JJ;\

B A2\

T 7 2 B A A Sl AR e A SR 1 T

e 1T

J el

A HEs BT e AN

s FE1ET 6 AR DR RRRE
30, S BH A 5 PR =

MAFTCHE 2 BEATN Ll 0 26 8 5 B, 4R T
R YRR

[ARA3717]

Y B B

F AR IE 3¢ STEM 24 ) 8 il i JE W . &
SIS AR 0 B RS AR D4R

52

W R S H A RIR T A RF RS
5k

Tk 2 SR

HHRATAL 24T, TR

PRI AT b B 0 s HfE SR v s S AT B
R s 5 Al 58S DX IR 1R 2 U

Al 0 15 15 35 BT
Ak

&4% STEM #UH 1 2 AR 3 % 49 4R L5 B

BAEERE T BRI, JETH N S 5

RS EBTA | AR O £ R
GRS E BT | A BT £ R U, e
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Systemic Collaboration and Ecological Transformation: The
Emergence, Operational Features, and Practical Challenges
of STEM Learning Ecosystems in the United States

DENG Li, MIAO Qiuying & LIN Xinyue

(Institute of International and Comparative Education, East China Normal University,
Shanghai 200062, China )

Abstract: With global technological competition and structural shifts in education systems, the

U.S. has actively constructed STEM Learning Ecosystems to overcome the limitations of traditional

education. This study systematically reviewed and analyzed 112 STEM learning ecosystem cases in the

United States STEM Learning Ecosystems Initiative. This study proposes a three-dimensional analytical

[framework with the Communities of Practice at its core, integrating Ecological Learning and Collective

Impact Theories. It examines the key drivers behind these ecosystems, their operational characteristics,

and institutional challenges. The findings reveal four common features of U.S. STEM Learning

Ecosystems: Cross-sector collaborative governance, vertically and horizontally integrated learning

pathways, teacher professional development, and a strong commitment to equity and inclusion.

Meanwhile, they face challenges such as inadequate funding, fragmented coordination, and

underdeveloped assessment systems. Drawing on these findings, the paper offers several implications

for China’s STEM education reform, including enhancing system-wide collaborative governance,

expanding multi-context learning environments, developing teacher communities of practice, and

improving dynamic evaluation mechanisms, all of which provide theoretical insight and practical

guidance for understanding the organizational evolution and ecological development of STEM

education.

Key words: STEM learning ecosystem; systemic collaboration; communities of practice; ecological

learning; STEM education
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