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OECD(:qné v &4 B w5, 2016)h T F & ) B3 - AR - ERAA S
BT ATHE R RS THeE £ | 2 L K TSTEAM | &7 3345

o PN hE EARS S AR B4 (110~112 & & & : & STREAMS % % p
2 PEFFTERICE BF 2 LATHFRAFPFERRAL ) > %é@‘f P IR 5
"SDGs g » STREAMS % # p iz f1E4F T &R 172 % 2 pIATHAFSF 8 F %
T PHEBERAREFEPE FHUFARMBRAELAL R v BRI
BFREEERF FFARRRNCES T FEL AR A Y A2 GE A F R
2 T4 o #E 00 Ty | 22 A% E P (Education for Sustainable
Development Goals) o 4p b % B & 34T

1.-x 5% E P # SDGs (Sustainable Development Goals)

2015 Em & W= > 70 &2 F4 TEe b 2030 & A58 B R
(Transforming our world: the 2030 Agenda for Sustainable Development) ; = ©# >
T 5 T dpal o Ta‘% NARKRIDER > A HEe AFFEILZTEMAGE  ShviL
T REF R 7T BAgEHEEG » P30 ¢ 7 £ (People) ~ ¥ Iji(Planet) >
= %?%—'(Prosperity) » foT (Peace) ~ ¥5 it Bl l"“(Partnership)(l’] 1-2~3) ¥ g »>3%
Bagy 4 o fihg TedaL ~TAg e I%P n,PkgéJ Zxaw (B4 Hpi
g 7 2030 & PFae 4y i)k ’TF‘ BB A "?ﬁiﬁﬁ% o~ BT Ak g~ T Rk
BEARRAEER > kg A RS X ﬁ;‘%#m_{ Heobiskd TAFHER
P #&(Sustainable Development Goals, SDGs) ; » # 4& 17 7@ % B #(Goals)% 169
%2 4w p R (Targets) » 2% 2017 # &2 232 Hipih* A2 F BEFT) 0 4p
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Peoric

End poverty and hunger
in all forms and ensure
dignity and equality

PLaner ’

Protect our planet’s
natural resources

and climate for Sl.lstainable

future generations Ensure prosperous

Development [+

PARTNERSHIP  Peace *"

Implement the agenda
through a solidglobal ~ Foster peaceful, just and
partnership inclusive societies
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SUSTAINABLE
DEVELOPMENT

B 2:% & B "4 E P &(Sustainable Development Goals, SDGs) |
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B A:mER T AEHEEPESIGs, 54 TEdma L ~Takeiesh | & THRE RE

ﬂWﬁﬁméﬁ»Aﬂaﬁ@ﬁg%,w%wr%ﬁ%ﬁwg;ﬂ\$g%@
PRI Z T FEALHGI A RAPLERALER s FEREFERLE N
FTHEFLRAAY AR > FENLARRRARAREFELR ¢ 25 72050
£ B B # -The World in 2050 (TWI2050) > (Bl 5) , ** 2018 =& 12 LAE: F I B SR B
A;% P, > TR NEH @A s TR A4 TR d ) > THBRER, -
Cat R e L Y ) s TAF R s iy | r%’%%ﬁ“ﬁj s TR
woenfci it E o MR RN RS BRSO A (R 6) 0 s PR
fade A g R AR o
s
Digital
revolution

Artificial intelligence, big data,
biotech, nanotech,
autonomous systems

ABIBEIEA AL
Human capacity
& demography

Education, health, ageing,
labor markets, gender, inequalities

=E=3i Prosperity Consumption
Smart cities Sodial Inclusion & production
Decent housing, mobility, Sustainability Resource use,

sustainable infrastructure, Wt 1;
pollution

BY - £Y8 - K
Food, biosphere,
& water

Sustainable intensification,
biodiversity, forests, oceans,
healthy diets, nutrients

circular economy,
sufficiency, pollution

Decarbonization
& energy

Energy access, efficiency,
electrification, decent services

?:ﬁr-@‘iﬂbf

) qr !: . : r ol :
TWI2050= :.' -
The World 1 2050 W87 e r?

wwn w2050 oy

Bl 5. ~ @3 Fa 48 (TWI2050, 2018)
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aﬁé =SS

Attitudes=

Skill s

Knowledge
oAl B - BRI ua 45
Bl2.3: - ERAAIRTPCERZZ 0 4 TR
(PR3~ dvanaf ~ 30 % o6 K2 5 )

.- ERAAIKT P APFAB T Z R DN LS L (- )REFAFETEY -
RAfaAip g L& A dptl it ch TR A 5 (2) e g2 0 ap i
AN rR A PELTEFETYRO THRESERE AT, 5 (2) 3 ERS
?%ﬁwﬁmrﬁwﬁmJoﬁd“iﬂwwmﬁh’ﬁ**‘ﬁﬂﬂé*%?
i&@ﬁpﬂamg%ﬁﬁéa PR B EAR P A LERE  BHE
CRTEEEE S B A S dh o e Y @ onk g R sk (T 0 0 R AR RE A
Li%%—flip\ e A TpafEd ) 2 T AT ERAERL ) ~ TRAIAFE LT
B, 2300 o p APEHBEY B EREPOME S FL NS PEOER
ﬁi?ﬁ;*%gorﬁ2ﬁ4J£rfﬁmM&?%?J»@?&ﬂr“Fﬁ
T EY LR, > n TEHEPoME  REREEVHELHAPEE TEY AR -
AR AR LA SRSl A At
VREEL G HPEANRER > BROPFFEL S APTRARL IV AR L
+ Pl B mﬁrh?*’mﬁéw&ﬁﬁﬁ”ﬁﬁ%iwﬂﬁ*%ﬁﬁghﬂ’4{
Fﬁfiﬁ%Lﬁigﬁﬂﬁ‘¢£ﬁﬂg$éﬁi Bﬂﬁiﬁﬁﬁi%ﬁuﬁ 2EdIHFEL R
HEFERI 2SO VEPRFELRS ~FSPFRA ‘13?75'"3{*??5"‘"'3”\ #
CLARET - A

RIS 10 A F L SRR WES 258354 (Program for International
Student Assessment, PISA) % & "# 8 %4, £4p - B A7 nEY - Lenpl§
fop KRN AL BB AT BEAE R 0 8 P H0 - B o F 4 MR 4
fa M ;}7%\’1 ‘Z:ETF"’” PN oA Bﬁ;"w 7 ¢y 184 f:‘y:;—r.i'g rﬁsl;ﬁ;ﬁ | X - ﬁ_& ;ﬁg@-‘rggl;gfi;s
T e o 4 P r;f—L%‘fJ 8 r:}i,{’m‘J ﬂ—\-ﬁr'l'jl* wAH A g BT i 2 v
B oPISA HrFd A e n(CfAnd A¥PFE 4% mmzmm«bﬁﬁ%ﬁ%
I % (Explain phenomena smentlflcally) 23T R R F 5 1 (Evaluate and
design scientific enquiry) <3>#'% # > #cdp & # 4% (Interpret data and

evidence scientifically) °
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ot e o Lo E Rk B ’*ﬁiéﬁ’P HEY L BTPEZE | 23
REL SR AAPE R AR RS 0 RN R § kR - R
%&ﬁﬁﬁ%%ﬁ?ﬁﬁﬁL’“ﬁﬁﬁ%ﬁﬁmﬁﬁwwﬁﬁ LY £ P
ERERFOHA oy cd 7 TRHEFRZR | F #‘fi’ﬁi%‘f#ﬂs@m*%—fiﬂ
PEEILfR2Z 7t > 2 IR Pﬁﬁi?}#k‘ P ek A3E T "L’? Foae A o M EEA B AR AL
EEPHLY B AEE > T 22 (Hand, Prain, & Yore, 2001) > Yorefr
Treagust (2006) » 5 > T &% % | B H LR TR R ANk ok i
HE P T TRFERE ) a4 FEAPRRFRIEPFF T e 2 8 R
FHMH LY i 4 14 - T REE A SR E R 0 IR
FHE SHF AEERBES R TR F* aphi it (F2.3) -

)‘/ Wit

Language
Caa="1

(TR

Knowledge |
( &5 )

e . Inquiry
_____________________ \ L EEFL) f-'

24 E2288F % ?mLINK i
(Language/Inquiry/Nature/knowledge of Science)

GTE T By B TRE | FL R EEFHE S i@l XfFd
;{ﬁgéﬁjr;}?j‘ IR 2 5'5ﬁ~ﬂj - Dinse J’f‘“rfww’iﬁj s T B AN
BopFA L 3 3o Borich(1992)#;} il ra‘%ﬁ: G oA R EFATAR R ek E N R
e 4 e LR ARE - P A0 S xH ﬁx# FE R I - (5
e ‘%999)0“@]?{ BRIt F s B RS \F'“iszfFﬂ‘fF"*m 35 o

SIERF L S hiborn > SERFORP L PEF L DR - ~~"V/%§:'Wi’

5 A,,T% 0 ?IEWJ» A R iﬁﬁgzﬁt mﬁ3%\*ff’7‘kb&3mﬁvﬁﬁ ~FEE4 F 43 B R

:zm,u:,\,—é.xbpﬂci_}m;ﬁ»;@ L A RRAEGT R P HEAISPIRA D

W/ RARFEY F  HW AH B LR ff‘*\*mﬁi 2R ~FerHd FEMAENIR

P2 Bl & s v AR RS ghiE "R ELTEGEFFREY é')r
(Martin, Sexton, Wagnef & Gerlovich, 1998) -

PR R ITR I R R 4 R AIETR ﬂ(lnnovatlon)mfa% oo g AP LT e
P % R ehpETR 4 P w AR B AR T R AR EE S s S i
He BREPERRIEL 4 > Fa ﬂ'ﬁ*ﬂmrﬁﬂﬁJ ?ia'?’ "maker |, &% - Maker
ﬁféﬂi‘éﬂmi‘“ﬁﬂ?(ﬁsﬁ ZR) arEHg T ARy (F & R 1) o Maker
hp-p ey 3t HJaﬂwﬁﬁﬁwu’*ﬂﬁaﬁﬁikﬂ%ﬁiﬁiéo
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"maker(p ¢ 30, # © A DIY > » 2 © H_3D 7|er & F &4+ 2] 7 Arduino » v #-3 &
ARAFEA IR B THFETEF T, 2 TMaker ) @2k 28 & 5 BF
J%.mp i@ ;JL(Informatlon and Communications Technology » ICT) A #_ > ¥ j#k> {

SRR E PR > XL AFEA A BhE L d o gy TIRFFHGIFZ Jr
fe "Maker | #HA4 (B ¥ ~ £11F~ 23 ) Tiv(F 7)) ~ # (@ % /4 iF) ~ B(F B/4
)2 TEOGR/E8) (Ui Z(RE/BF) ) KT HER 0 RS L REA
ki 4 4 TV R TA I FE AR BERPHE AR PR

9. STEAM
(1)STEAM % 42
STEAM A5+ & F* Science(#* 5 )~ Technology(#* #) ~ Engineering(1 #%)~ Art(#
i#%) ~ Mathematics(# 5 )nig 8 & f Lo+ 2§ 7 WP R ORT 8 07 R L ARS
STEAM ¥ 5 thm £ £ STEM, 4=k >"1986 # % MK 755 £ f ¢ (National
Science Board) = " Neal Report: undergraduate education statement | #& 3|4 5 & ¥ it
Ao Hifdid B8« BE 1 e licS L STEMEK 7 5% » Hadig ket p e i
DDA L ol i A ks
%% % > America COMPETES Act) - #73} " B 73t 2 % (America COMPETES
Act) ;» & = &_America Creating Opportunities to Meaningfully Promote Excellence in
Technology, Education, and Science Act(2 # ff4t = 5 AAFH ~ K57 fofL F 2
%) 2011# % ®WGeorgette Yakman % Maeda ‘¥ #& 1|STEAM#* 5 » ¥ A STEM & ¥
A e BT 2% 0 MARAFEHF DR rAIL o B EABET A0
£lig 4 0 FE BF STEAM#K 5 (Fuls % 0 2017 5 Ayres, 2011; Maeda,2013) - & §& »
Frovd 4 fiR{EHSTEAM #5 0 ¢ B &2015# » #STEAM?| 5 B 737 L & &
Lo s B2018& MSTEAME R %L - & K2 ¥ (S5 T 353~ R# 3
2017) »

(2)STEAM % %
STEAM 7 ch& H 4> RE 4 4B F nfa AR my » 2443 LY
FI O E R PR AP R DRI 0 PREREARY O RARE Y T
%%%ﬁ%@ﬁﬁﬁﬁﬂﬁaﬁﬂ’ﬁﬁﬁmwﬂ*ﬁ%anﬁ“% IR
STEAM ffuff%;fifrdumln\ BE s BTGB Be s 2 2 21 B et s £1RTS A i AR
u&ﬁ@\@QQmJ@&mﬁg’+P%§4@%E£L B 4 e 2 R
W - FEESAT R chfR & AIFT o Lt o d 3% STEAM & § B45 38 chi & 41378 139 oh
%ﬁ’Zﬁﬁggiﬁﬁ%m’i%ﬁﬂiﬁﬁiﬁﬁ‘<iL£ﬁﬁW’mM)
STEAM 53 3872 b B £ F k2 dh > Tﬁﬁ)\m,,l. m,fi;;t, @ H A {RRTT B

rek 4 F R (RFZ 0 2018) o LEBE PR ﬁ@ ﬁ*’%i%u@
%iﬁiﬁi’ﬁﬂﬁﬁﬁiﬁ—ﬁﬁ’ﬁﬁiiﬁ?ﬂigﬁ%ﬁa@a%ﬁ@
Bos AR AT 4 BRAPHINT S o IR R F L LR K B S
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B ieid A SR AT a4 ($PE L 020145 B AL 5 2017) o MAw Ko £
Bt o AEDREHA A DE RARABE FEL o n 2 B HLT NS VR
AR fum;;g.& 3gi 4 o STEAM %7 RKEFR T8 A 4 hE @2 L 4 (0
=% > 2017)

(3)STEAM ] i
p % STEM * ¥ 7F %+~ % (Evidence-based research - EBR)&g 7w » H 5 243t 3%
% & 4 & ¥ R FE(Olds, Patel,Yalvac, Kanter, & Goel, 2004) ~ frv’l#'fr'-@#s&(Fang, 2013
Feldman, Sternheim, & Adams,2008) ~ = 4 % #.(Klein & Sherwood, 2005) ~ &3 fr &
$ 77 (Zarske, Kotys-Schwartz,Sullivan, & Yowell, 2005)~$% Z_f#;4+24 E R g2t 3 —fr' [E2
F+(Zarske et al., 2005) ~ 32 % 4| #7522 2 F & B & $u(Watters & Diezmann, 2013) -
FREY ?%‘Yakman (2010) AR PR - BT R T £
STEAM B =28 (R12.5) 2 Bl i§f=2E Bk STEAMS B A & R 38 2 F s 2 £ 4
P\ﬁa.ﬁ—,\péiﬁqﬁérgﬁg&&;gfﬂ o H ﬁ}é]&dwm LS VAN S| AR éi,gy‘f_gg};\?‘;:
(content specific)® & > H & 5 #L8 ~ 3 ~ 1 48 -~ F el & F fL 3 Bz p
F % - K E4F 2 F L (disciplines specific) & 0 1 & EUF 3 RAEE PN F
iﬂ » %= & £ TSTEM + A | &_% & #(multidisciplinary) & % > i & E £ jisingh »
FRAE A 2 Nk v K AT S K & (integrative) 0 5 ’é’% STEAM # % e ft
SR T AR ’ﬁlﬁ‘ffﬁiﬁfﬁ&%ﬁ?ﬁi%ﬂi'r CF IR RS > A g EgEE A p
/L &%Ag f'fbs‘ﬂﬁ&ﬂs -'&-)?*,J_FF {;g, 7 %&STEAM?{@‘ Br2f Lfi’ﬂﬁ ;:r,mfg%gi‘i
% 4% P H(life-long lifelong holistic) » 32 & & 4 ¥ L &8 ¥ chivi o & 0 i ik

fn
STZ@M ) STEIBM =

Science & Technol
A Framework el ol

interpreted through
for Teaching Across Engineering & the Arts,
the Disciplines

all based in
S Mathematical elements.

o, STEAMcdu o 5. oiemen

Bl 2.5: STEAM %+ Bl =
FAL kR ¢ P~p Yakman (2010) ; STEAM Education (https://steamedu.com/ )

(4)STEAM % &
p w STEM # % 7§ ### 7 (Evidence-based research » EBR)&g 1 » 2 3 843t 3%
% 5 4 8 ¥ 3 R (OIds, Patel,Yalvac, Kanter & Goel, 2004) ~ & 3 fr& %\(Fang, 2013;
Feldman, Sternhelm, & Adams,2008) ~ = % % .(Klein & Sherwood, 2005) ~ £ v &
F77(Zarske, Kotys-Schwartz,Sullivan, & Yowell, 2005)~#E T R4 R dEant 'fr £
7%(Zarske et al., 2005) ~ 32 % £|375 & B F & % 3 #u(Watters & Diezmann, 2013) o
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BSTEAM # 57 » B8 L4 sy fait, 1 ﬁ{rvfi:}i LA PR

A g F Rerga o EpEmp 4 urw;&mﬂ PEBER O BFR A PE ROk
“%§~lﬁ~%waﬁﬁﬁwp Efes 1 B (A ET - e > 2016)

STEAM £ Maker(f; E)e & 5P T é‘u:}%mf‘aééﬁ:‘} o STEAM £ Maker 2.
BB i ? - 4a 3 » STEAM £ Maker & + 4p 122 jeu ;j’b{’*‘ mBAY
RIRTIRIZ/AITE~ 2% 5 A/ > STEAM { B R B TH R - TR gV a$ 8587
chirgs » B8 BRI PpAT/RIE/RIT RiRA L35 BF ~ ¥ 5 EBA#ES
FLT ERER AR TAA S TR RIS £I(R] %‘rlﬁ #/#11e/£1%) - STEAM
e Maker chi¢ & 4388 4 A2/ L P RREARY  F 7~ HRFRLP T & chior s
it o P RFR Y p Aok 2 MR EF B R 9uE = (Harvard Graduate School of Education,
2015; Martin, 2015) o ] 5 fef@ AP REpF » 4 L 3 E R B R 214 € Lz
ARz R > HR A MAREFEREFTF RRAET RS MARBEME L
&L o

KT RGFEFEAE TARLY > 31 5 A F0 o ki@ 5 AUl Al
7 (I hear, I forget. 1 see, I remember. 1 experience, I understand. -Dr. Maria
Montessori) | ° #7112 > B @ ¥ * 7 STEAM (5 = ;%\ .0 % £ g (hands-on) ~ & ® &
(Learning by doing) # "Maker(£]/%), 34 > ¥ N B X (AL E»F Y
(Project-Based Learning) 2% F¥ 4% & » & ¥ (Problem-based learning)ig {7 o 73} & & H »
B (PrOJect Based Learning ) 4 4 A3t i HB L - AF Y 258 2 p endy
s aegy fr"’*lﬁ-_l‘* I G o FEd BRI PAFRY B Tk NWET FE AR
Ir'f«&méf;” BV FEd - dER AR NE SR Y DEB > FY PR
2EEI TR fr;éré * mjﬂ: 7 (7 N{ T 2T I‘m) o “731 B 4L % v £ % (Problem-Based
Learning) &4 W ¥ % & ¢ o 3 I # mﬁ: BRI FEY F4H% o BB EF LT
KT st L 8 e re B EE Y HOL S it
gl 4 > 322 BEY H ?% mf”ﬁﬁ PN A %
ﬁﬁ@(@lw?ﬁﬁ?f‘%ﬁ

EEE BV AN HE- Y O A BRE2Y g |IRFF 5 S N AR
B EA L’*B*i‘%’z?—‘k? EEY FFT G BRATH PR BFESF RN T
EE R o UE T RE %k o F]7 Pam? 4 F 7 Pemipgrrak Egk o T
FBEA AFEAFIEOFRY AT ENF mfr?**\bt’#:sb v B3 % 8D fRAR AL TF]
B F447% fl’élfrvzeﬁgo"mﬁ,imﬁ’ EN AR AR e jim—,o

# W5 2 i~ § o Michael G. Pecht &x#:4% 1! 2 & STEAM %5 Azt~ W
AP M (B H 5 7 24 multidisciplinary) #4227 & 32 A% (broad field curriculum) szt 7ﬁa_
= B #(transdisciplinary):5A% o AP R SRAR A K-2 FL P BT 22 R EFP K
BN K chd L E L R > i 2 STEAM %8 H 5 B B aep| s 1 8
fly‘ R T kp BEFAE ﬁqﬁﬂ.;}i&ﬂ%ﬁ;ﬂ)\ gi.ﬁty&_g SETS S B R
M A RS RAR AT T ¥ HE-FPRp o AR FRENFES
DIATOF YA GRIEEw ) etz 2 STEAM RKE 5% o 13 B B iR =K~
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B 5 o) Rdp ot RO R AR S E R e L F* : ﬁiﬂ 3 pﬂcm\ ¥ }—% i@\i
oA A HH B R E P e R - 7}@ B o> Hp e
S AL %ﬁéﬂﬂ”f Wﬁw%a—w’%ﬁnkypmp*@f
A T oh o TR A A R AR ] S g

22 STEAM 7 % £ 53 Bl - Fpjhs 5 b n AR Hpe.

LA BEHEER S S FHPFREIITDT YA 0 PN BE et

HEFLF) FHESER2 PR $o 0 A7 AL BRI HF
?@%“ﬁmﬁﬁ?%*%ﬁ*°

F oAk PR KT %*'»ﬂﬁﬁé&%“’fl‘c{r%%J gl kT - LW
: %ﬁ%#& R P LaSTEANR R 2 P EHE T 87 TRy - Hd REF L 0FR
B SR BASARAL L AR R i 2 34 DAAEE L £

SR ERAL RS R 4 .

10. STREAMS % %
G sgv ¢ ¢ s STEAM 81 P4 4 @ £ & ) STREAMS (Science #
8 /8 #5./8 12 - Technology #L# /3 itv/H £ - Reading B < F /% gt w bg/%
B 3 % - Engineering 1 #2/1 (T 42 K /& # ¥ ¥ 2 & <SOP> & & * -
Art/Aesthetics # v/ % B AL <d 5/ A >/B L <3 L /8 >/ <+ 8
18> . g FwE..B ¥ > Mathematics # 5 ~ Society &+ ¢ /& /* = (= it ~
T2 o E) /A E/RE)?
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