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Z¥f% STEM ( Science, Technology, Engineering & Mathematics ) 5RAZ 2T FF AR B E AT
BRERVRRE » TNERF 2 el B R 5 A GRIZ MR RN, - RIER SR ERR ZMERE - K-12 &
BB CRIE M8 BN TIEFERIEE RN - B MBS Ay E R -
B R it JJHYAEIE (Gardner et al., 1983; National Governors Association [NGA], 2007 ) -
{1 1990 SFEARLAG + 3% SERBTTIEHRA % 4 - STEM BRI RIEURIT 5 B2 R
LG MR R ERRE T2 E YR (Bybee, 2013; NGA, 2007; National Academy of Engineering
[NAE] & National Research Council [NRC], 2014 ) - #85 7 » fEEHI I HIERIZE H 2 B
BRI E AT EA SR T - BHSa 2 AR T MR RERRES) » EEHREAS
STEM <SHISER Y BHER  STAEAK - EEI# N HE A 7E STEM 22RIAVEE Bt R (i - DUk
fE A I A TR SIS A B - PG RE MR HES) STEM SREZHYZCE (Toulmin & Groome,
2007 ) » 7 b — P RN RO 5 [RE TSR B BATE B i A (Ritz & Fan, 2015) -

STEM FRFEFEAVEEE 21 D BIRERTEE ST (Bybee, 2013; NGA, 2007; NRC, 2011;
Toulmin & Groome, 2007 ) » H H FYLEEF &1 A\ B i ok 2B TH 5 RTRERO AR - BB - £RE
HagES) - DA RSB RIB it & - BHEIM S - 358 NAE H1NRC (2014) BF#i#57H STEM
FEWITEE - EBIR T STEM 08 2 HAE T fs DA N oMl ) - — » RS 1Ry STEM
FE T B 210 HRCRYEETE T = STEM 58y (BERFELfg ) s /Y 1EEY
BB 2 EE R 71 - 2% STEM ESEERIFIFGEREIIRE ST Atk - BB BEREZKE » STEM
BEZEENAARIEET S IEE) - FEDURTT STEM FHRBAEISH N B FZOKE | TIEHERHZK
% > STEM FRFZHIER FEAERNEE K-12 [ STEM SIS SRAEER 51 B TR0 K BT B s S
Diss s BB IERATERIRES] (Bybee, 2013) - FHEHGAER » 211[F Bayer Corporation

(2010 ) F1 Dayton Regional STEM Center (2011 ) FZ2+5H! » STEM 32 2 R ENEZ B 1F ¢
— RS PREE RN ARE - T B4 RS STEM FIERELRRE - = - sBA5IR
STEM Z2RIsVEF M FRHYIEE » 0 - BEEIEEY STEM 1T38F ER AR - 7 - B2t
LR ~ BE I EEE X EERETT N~ BB BRER S REE TS RE

FEHE—D R - STEM BRIZRVRF 2 75 HH CAZE T RE - BRI B e
A - MR R R LY S B R R RE R 2 C B (Kelley, 2010 ) - ZN[FJIT4-2K STEM FHER
FIRfFFEsaH - TAZEETEUARY STEM FRAZ - MEREIRTTE2EHIBES RIS - Jrae B A E
I R ) 2 e o 2 e R D) R T REL A RE 7 ( Cantrell, Pekcan, Itani, & Velasquez-Bryant, 2006;
McMullin, 2014; Mehalik, Doppelt, & Schuun, 2008; NGSS Lead States, 2013; Ortiz, 2015;
Schnittka & Bell, 2011; Wendell & Rogers, 2013 ) - {541 » Cantrell Z (2006 ) {8H - fERMEEFRIE
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B TR P TH0R + TSR R A B R A B & MRS S - Schnittka i
Bell (2011) HIEFI + A ELB TRRERE OV RO BIACTRARES IR a3 + TLAs
EERBEATEA - 0 Ortiz (2015) HIREESCRHRTR - oS T2 SmERE
AFRRE + DU B SR E MR A I - bR R R R R B (R B
HIETEER - AT - (N FS RS R STEM F05 - SHIARIEE  BHE » Tigsmes
HERMOAEE L EEEEERENER - BRI EE G (Bybee, 2013;
Sanders, 2009) - {ERHEHE WA « BHEMER STEM FR LM - TREHEHE
STEM FRFMETER - RIEREU A1 AR RIREFF B RIS 413, (Barry, 2014; Pinelli &
Haynic, 2010) ; T {£BHE25E (IEE: - STEM FRRIOREHAIRELVRIER AR b s - TR R
BT B4 P RS2 4 ELB R ( Bybee, 2013) - T LB S + [ STEM i T EZ HOER MR
AT B+ T DU A R IRE T R R ET R - DRI RIS T
T - R - SEERERIEE B TR MR - HRAEAEE STEM R ML E
(BB RA T - (FE A A TRIIRRE B - RS E e R 5 R — At -
S AT SEEY I SO B - BRI+ YR AZEZE STEM SRAZAVIG L S (M B 2 B Es it - o
R STEM ZRAR ] aifphiaRe -
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AN EERFH - LB RS ER FRITIE AR - ERE R I - TAR (T -
SHRSEEARIRAE 1 STEM 302 - 2 ERTRHE S B TES: (i - Bl - 2012) - (68
210 4 - SEERHES) STEM SRR EEMES - TR RHE S E52% 2 i a s
FERRACE - UL - fEEEE STEM SRAZEL AT A SR 2Bl - ] R S
i STEM FRAZONZ O BB BB R S » ST o T A AR A It B S B BRI
(R E IS - FIL - AFOEBER SRR NAS R - (RS E B E 8
wh YT STEM SR KoL ESIHERS » TS LUS B RHESERA STEM S22 o7
P4 B -
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STEM (& & EFTEIAS PEES A4 A S B RIS B S HURE S ~ 42712261 STEM E272 1l
o ST B STEM GBS f sk 22 RE ) » MRk 21 A0 tH 7L 1Y STEM 2% (NAE &
NRC, 2014; NRC, 2011) - Bybee (2013) 7RsH » STEM (& & HIO{ER &R Bl 21 {i
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ACHYZR B BLiE 57 » DU 3 2 BR AL A RS o Bl B B B PRk - FRb ] R - T STEM R, B T 22
BLERE ) HUFETT - 2 STEM HERVEEHE - JNERE] STEM SRIZIFAYRL L SEHE -

R B TIEMEEE LR AEARKE - STEM RB0E « EREAH - FERE
IR M SRR R - DU EP SR DU ET F B RAVAE S - RETERIEE » B
AR e PR I RSB R 2 5 fERMEO T > ERES E A o B FRERIRRIRES - b A
BHOE ~ R - $LARBEIRTERE ST R TTE - FEAR [E R B AR HE K&
B R AR TR AT A - TEREE G R A SEAE - S A A T DU R 5 T
T - AIZBEAEMEEAA R - TR - Hilg RBIEFBEAG - Zma et iR 2 R
EY) o Dot e sl 2 AFAEYEE SR (Asunda, 2012; Toulmin & Groome, 2007; Zollman,
2012) - 2K » STEM H 201 HEE HER R B ESR - (HZ UM R TER T STEM £ |
TEFAIARA RIS - A - (e F R R FTEeETHY STEM 3RA2 » (HEERBRYRT
'EHAZARE S (Bybee, 2013 ) - {EIEGRTEMIE L AR - HEAFEEAE#E B & AR
WERTE - R ZBGTERBT EF R E SR - DEH2AEGEERNZE RS T 3
HEFHEENER -

S 0 ¥ K-12 (BB STEM GREZIM S » A4 BB ERARGER R SRE)) - BRAE
2 HEBG AT EER - Kt - STEM AR IER S A i 25% (integrated curriculum ) HYAVE Bil
& (NAE & NRC, 2014 ) - SEMERTELMERYFRAR - MR HE IR A ERHE fE AR LR - K38
HEHEEENRNRGEA - HEAHESE H A OB S BRERE - SE MR AR E R R
PR BB PEFIRERIRE ST - TEAHBR OB AT DABRHAR - STEM FRAZ AR S50 H I B i 24 TH = 2y
' (—) DEEMAGREMEE R RE R () DEE R - HEE AR 2
FiiiEset < Fil (=) BA VRN HIR - NS00 R P KIGRIRE TI481E - (19)
FRMEDIEEE RO EE RS (1) 503 STEM SRR EMSHESEN  (O8) &
A RE T FREAR ~ A FEEEREEEINET § (L) P S sE RS
% (Dayton Regional STEM Center, 2011; Indiana Department of Education, 2012; North Carolina

Department of Public Instruction, 2013; Science Foundation Arizona, 2012 ) -

~ B #AFE K STEM 5Ri2

TERHR AR RN AR ARE - RO TRERGETEL - Kt - BHEEERY
STEM ERAZHER DL RERR AT R BE0E - REEH TRERRGTHYRERE » R AR SR Bl B R Ay B2 7 i
JEF - (S EBERIAIGRASEE 2 E - SR A B BR AT — AT S8 A KR & fROEE T
FER R SRR R AT > AR R HE S R MR R ATRETT (Lantz, 2009; Sorenson,
2010) - SERRAYRREHE 5 [ RRH R B B R s T B SR8 A8 - Project Lead
The Way /235 BIEZBONH) TREEEHUA STEM 32 - HP (/27 SEE A AiEE) - 51
EEE MBS RIATE - IR A B FEARE (Project Lead The Way [PLTW], 2014 ) « Hr
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Dixon 1 Brown (2012 ) #5585 B BRLL 8L 26 PLTW KR8 PLTW HPSLATEME « B
FERETRE 2R - BEM5eE - ZUMTEE i STEM FREZRGERS - 52 G et EeE 2
A0 {n] i FH o 22 B R 22 R 3 R A R AR R R - R ER AR ik 3 L 5 B PR AR A A 1k ER X Y RE
030 TR A H P A AU B 2 B R KR T B2 B RS - Kelley (2008) JRE4 L B2 4 22 B
TREERETHUA STEM FRAZFME B B E e BB R AR 22 52 - SRR B2 AR AR RIS
MEMERIERY S E AR R - ERRAER R - EHREEEERE R A Z B2
M R R EERIN A » 4[5 Merrill » Custer » Daugherty + Westrick {1 Zeng (2009 ) FYRF5EFS
) EHEAERHEE AR R R A RS - Bl R LS [P ER A JE F B R B R B2 3
W H TR RRE

HAEEME » W[ Kelley (2010) Frfs » BHZHE ) STEM FRI22EHS - JEZDL TEREH
R Baghr s - F5 T TG ) AR A RHU LAY - DUSCER T REEERSE
AR HE PR RE (206 1 FroR) - AR B ST 4 AR B R BHECECE S AT A i
(Moye, Dugger, & Starkweather, 2014; Pinelli & Haynie, 2010; Roberts & Cantu, 2012 ) » i B2
JFEFHAEANEIR) STEM #2412 H « il « Clark £ Ernst (2008) & STEM RFRFEHH LT
HEEE  EEHTHEE (hands-on) THEIREARGE SRR K ERTTRINV 2 HE R -
Moore » Miller + Lesh + Stohlmann f{] Kim (2013 ) #$¥ - s{b 24 7F T2 s HiS B A9 RE
730 AI DR SRS MR R A ER AN TAZERETHYZRE - Crismond A1 Adams (2012) AIZE#ELE A
FISCRREEAT » $H SUHE i CAEER G AR 2R LRI - HF RS B - 2R L2 s it &
(Informed designer) EEAJE2FHIBAHAE S - R REMEFIMHBARIFAGE T #1H - A5
e[ RE fig e FEZ BB 8 1M International Technology and Engineering Educators Association
(ITEEA ) HE{EHEIZER STEM FRIZnVicEH - $2H 6 BEEEAVEEER - L2
(eNGINEER) Byt A SE SRR » &8 TRk T BRI R Ie R EAE - fRAL SR
AR M EER S - (UHRERRIEE R BB AR AR A A T 2 - (Barry, 2014 ) -

iz B A - A ST AT LA - STEM HE 2 HATER BE2 £ 1271 STEM 2% GHI
EE I STEM 28 » DUREMFLER STEM HIF K #RA B AR ARTRE » mRHE
HHEY STEM 3742 - AR TAZaat A L ISR EEERE » 2 TRt R B (RS S
fiti STEM - EZRH R - JEM I pl— TR & Y E2EHEEs ( Dugger, 2010; Morrison & Bartlett,
2009) = ZR1 » GERTHSCEE BT - BFFEE RSB AR & STEM FREZHEAE S (hE 2% [H
A — D PRI - (Al < Al LRSS R e STEM B E2RIHIEAY AR EL LLEE 2
STEM FRAZEMEHRH B HIRH#E = R R fo] 2 ANfEREt EIEE EE B AN STEM FRE2 2 #
il 525 st T R S B SRS 2 i B B2 AR ¥ B STEM . JIRRAYIER 2 5 & » ARARIEEE R STEM
e L% OIS BUEE « BHEE TR2AE STEM SRAZFFHYA EENRL « STEM FREZRFHHYHH Fm
B~ FRRER AR R AT B TR T H A - B E R ARIPRET -
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1. 15IBEE ~ Ti2585t » RIZBIRTEIRE o 31 & “Staking the Claim for the ‘T” in STEM,” by T.
R. Kelley, 2010, The Journal of Technology Studies, 36(1), p. 7 ©

~ WHETS &

ARWPFERIE KBRS E B AR, - R3S R STEM BREZ R OMEHETEE - Ry
BEWtFE Y ARWTFEEREE R AR T 2GETT - FRARTFESE —1E&1L 2013 422 2014 £ - Hi
BT E STEM SRR ZHERIFR - Wi (ERBER A E AT 5L EINE
VR (it R 0% » B sst7e 2 nErT « RISZIRAA AN T R RS IR - ABHF5EZ 3k
AT NEEE Adobe Connect SEFT » DAiiE & #0750 - AW FE& (A BRSO LRI -
I Ry 2013 £ 10 H 2 2014 £ 4 H - FIGHRRIFHERT 60 738 - FrE R aoEie & 6
AV Z SR URERTESRT ~ Bk - HAE R ZIRMIBINT - FrE sk i 28R - e
St s LR B seE S E 5E K -

—~ WIZEHR

ARWFFEZ IR TR G 11 (L SRBIRH R BRI e - [N ZRh A RFFHIZE] STEM Rfz
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R TR BR - R B Z5% - TERUS i RIER - WH9EE DL E-mail BAZ5#
W2 K A0 TE BRI < 08 11 [ ER 3 BIAEZY Virginia (25 A ~ 2235 B )~ North Carolina ( 22
% C)> Utah (B35 D) Ohio (23 E) » Illinois (34 F) > Pennsylvania (23 G ) > New York
(B34 H) - Maryland (23 1) - Arkansas (B3 J) K Colorado (23 K) &I,z 11 fi R >
HARARER & R R ZE 54 STEM Zi 5 HIAERBARAT -

— Wi IA

Rl MR BIRH B E U8R STEM BREAVIRS - AWFFEEETTRIRRZ AT - SRR 52
HERARRESCRRE S - #iER Tt s UaIR A F R 5 PERIRR AR - FERTRRHT R IR Z9) -
HIZR RN — (&R AR 2 T ML R ORI BT 72 H . Z BRI - T8 R EisiErT

Z R HR G o B AMEE B PRACIRSEE] STEM SRARSEFRIRDT - fomid B BENT /¢ AL B 3/ R
YIMESN » IR TRAE LR R A2 Sl - DAMERR I RE i RS TN - RE DV RERRR L
NELE - R IE IR ARG - 70 F " STEM BRAZAVEZ LHUS B E(E , K " STEM 3%

WURRETEAE R | WAL - BRRAVRIRRTEAIER 1 R -

*1
SHEN A A
R ERE ShEkEIRE
STEMERFZAUFZ.(MH %, 1. How do you individually define STEM Education?
EfE({H 2. Explain your thoughts on the use of “Technology Education” or

“Technology & Engineering Education” in STEM education reform?

3. What overall outcomes or competencies do you seek with the design of
K-12 STEM programs?

4. What are the key difference in teaching STEM programs and other
technology education programs?

STEMEEFEHERE1EEE 5. Are there educational philosophy and/or theories that have guided your

iz work in developing your STEM education programs?

6. What are examples of content/units of instruction you use to construct the
curriculum for K-12 STEM programs you are designing? Why did you
choose these?

7. How you used Science, Technology, Engineering, and Mathematics K-12
standards in developing STEM programs and activities?

8. Are there particular instructional practices/strategies that you use to assist
in delivering STEM concepts to learners in K-12 STEM programs?

9. What are the primary problems you see in implementing STEM curriculum
programs involving technology education?
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TR RTRE ~ 152 56 I [l 2 SR B SRR TR R AT - B F TR SO N - R 25
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F o ERE ST - R 2R ERE O REE CIER - FEBERE S E R H Bt - (5% 1
{18 H B R AR = 2246 250 % - PEHAETHIC SRR - ILAh - BhcEfe RV b
I8 FERERIAYIEH] - WA R 2R RSGER - ot FE 7o HIEER B 2 354 0 RR
FERH AR RE AR T GRS R I S - B2 5 HERE I S B2 75 1

Btk o (EWPSEfmER T - (B2 AR - R R REE R TEiE T - T
SPREFEN] - REFZEFEEREEE - TAPRE A REEEERR S rEH - HFrE
W B R B (SRR RS RN B MR
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STEMEE L WAL 1
B (=) TERMREE HSTEMERTE A E L REED |« REEE3
(=) STEMZRRvs MHEHESE TR 4
stevamr gy | STEMPEOBRER CRRTERUAE ) RIS - R9RE7
B ~ (2 STEMERREERGHHIR FE6
(=) STEMERIZRIES R s e i) RS - R0

—  STEM RE DI S R EE

(—) ¥ STEM E 8@k

TERTE 1 WFFEE i Zan B ML STEM ZE S - frA 2 & F STEM K&
BA T#EM0 ) AR - B ER SRR (approach) » JNE—REEERINEE T -
JRE - STEM FAE eI - BHY - TIEE R SRS IHMERE - rZE R R
SEEBE R AEGRE B TR EERAM - WPV NERRRNE TR

1 believe it is an integrated approach, looking at the content that across all these areas.

(C-01-12)

I think STEM should be a way of integration all area, showing application and deep
understanding in the areas. (E-01-02)

[ define STEM as an integrative program that requires the use of math and science to solve

technological and engineering problems. (G-01-01)

SXIM - A[H] Bybee (2013)  Drake (1998) K Fogarty (1991) FELERTIEH - MR
BAEMME SRR E - (BN FER A REE SIS A R RSN o EE A
ez IS PR E #R /R 5830 - B Fogarty Frfe tHAREERRAZARERL - 285 (10 {2)
FTSERT STEM SRR fm AR (webbed ) BREEG T (integrated ) AUMEEFRIE - EAAGER -
iR AR R AR E 2R R ERERIERGT - B EAERVTIE - MRIESER
HHFHRBAR 2RISR N 2 » D R =T - TS = ERAE - AR ERHR st TR T

(R Rl sFiTREERIIR - R IR 1 REAN R A B E TP R SRR
F2EIT (Fogarty, 1991) « 411[7] Herschbach (2011) FrS » STEM RAZHEH PRI ASRERRAZ A -
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—E LR EERR EHRERET - B—RIREIZ AR E - R0 BB s
7 + STEM JEHLTR Fo & —THES SRR B R B 53T » I FE e — TR BB Tk ek » RI ER
STEM ZI5EERIAIHFIZE: - H STEM X2 RIAHENE @ E Ay T/ - HRE 7 LEERE R HIER
TR A B ER B  ANTTT (R BB YA 2K E T STEM B — T & A H R B2 R K -
hiE3Z2ah# % STEM SR E FHY AL

(Z) EMBHE S STEM RN E AL

% STEM E RN 2 % - FEHHRTE 2 M 3 g — P B EERHEE T
STEM BRI EAI A G - Wi STEM SRIZ(ERHEE HHVENL « Ht » Z8EE (L
fi7) FRTE STEM & Feifam L 0T » BHGEEE B F A ER B RHIEEREm R B - AIFE
2ahE HiaH - RHCEERHEERAE Al [Ell 2] 1990 F(CHY MST (Mathematics, Science, and
Technology ) LKz STS ( Science, Technology, and Society ) FFERfEH & - Hf » MST FRf2#5 0
FROALELAE R HIG ~ BBl T E - ZRE B2 B S5 TR YRR N PR 22 B B 22 i Jr B
KA (Foster, 1994; Wicklein & Schell, 1995) ; iy STS FRFZH & & BRI RI it iy A
BIRAGR - WETHAIEZEEAE (Rosenthal, 1989) < XM » ££3/T 20 42K » MST Ed STS sz
PR RAR 2 R [T AR A Y R BB 2T - R LR AR 3 5 B R R A
RAERE - SHE Bl B2 A TR e B Mt FH S T B B IR B R 7 (Lewiis, 2004) K[ » TREEZETI
2R Ry B R BB BURT R R - 32 NN Z BH B TR AR 2 i s e T AR H W)

( Pre-engineering ) WIRMHLZEL T E (Moye, Dugger, & Starkweather, 2012 ) -

PLAN - Z805755% (10 fi7) SRR fEHEE) STEM SRf2REfEd - e TREE A AIRHY 2 E R

12 » FI{ER A E STEM SRR G HU S REYIRIRIE « 20PN T EhERATTRH

Drafting students and creates meaningful experience for all the STEM disciplines, not just

serves for technology education. (B-02-16)

... the biggest value that technology education gives to STEM education is that we can

allow other subjects to integrate with us and we can support their learning. (C-02-11)

1 think technology & engineering provide the perfect tool for applying math and science.
So it provides STEM an opportunity to conduct engineering challenges and design
problems that cause them to explore math and science concept they might not normally

apply. (J-02-01)

EEBEAGHR - (ERE 3 E - ZEEE (T SERAEREEE T - STEM SRR EEHE -
JEERE B AR - B TREEd 82 F VU 2RI Z AR - RIS
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AT JE P38 ZE AR R rITTHUAR IR 5 58 DB LR TH SR RETRE - SEE T pleRs — (L RAF AU RE
fitE o ANLCN N EHRRFTE Y |

We try to help the students understanding the function of design, the understanding of how
one discipline affect the other, and how to bring content from all these discipline together

to do better problem solve and think critically. (C-03-01)

Students need to be able to look at ill-structured problems and be taught how to solve, and

it usually is done with creative. (D-03-07)

WS BIEEER) STEM 3REE - W HARFRE A LAR Bh B2 A4 2 ple B S PR RO R BB S 2R VS
FRTRERAORRE ST » B HCAE TH S RSB B A Kt & - 2N[FEEE H Frifi7e - STEM FRIZER D)
B2 IR R B R ERA LR R TR - W B AN R EBAE B A IS H SRR R R 5 58 -

B - #ra i 2 KEE 3 NEEERKE - RS i sy A tn] U2 2R R N
A BEEE  BEMNHETE - BERE W LE > BE-EEERNEHEE KRS

(hands-on learning experiences ) * ZR[flj * {57 3% BHHARIE 2 AY[alfE R a] #53H » STEM Hf R}
L TR 2 MR SUE B & Bl 2 R - A5 G FrfgHy - 372 STEM BRI BRI FUE Ry L
B TREAIFUE Raat R TRy © 225 C HIfRE - BRI TRZRY & AERA 1 - K-12
P& B R B TR 2 B N T B TR & RE - MERAR SO G 12 3] - RIS B &R
B TR S AR EEE - IV & e S SRR T LAR SR AT ATE SN - THE M B A E R
FIEE R HNEE (Havice, 2009; Kelley, 2010 ) - #[1[A] Daugherty (2009) FiE ° £ STEM 12 »
PR R HEERTE - BUERIR ML A MR TRE A B et CAZaR T H Bl - THREP i EERE
FEE - ERETZERPHEBENERKE - ZHZ5 5 &R FEREE TR m] 97
B2 STEM FRAZRYEZE A & - IR BHEE v DUEEHE TAZEL A (pre-engineering ) HY A »
1£ STEM FREFHHFEN. - MEZ - FHLIEREHEEIINEE - R ER STEM FRETE
A RERE R ~ R TS SR BRI AR (RIS IS AR A0 (] e A 3 Le AR Ak R
AITTHIRERTTZE - ST bR EL T TH SRR -

(=) STEM SREREGRHEABTREN LR

{EHERY STEM SRIZERH B HRVE M - W E/NVEEE STEM FAE K EHMEHEHE
g AR ([HRE 4) < JREN - ARIEEE REE STEM SREZAYEEER] - STEM FRAZELE
RIEHEREEGERER ? 2HER (L) B WEZERKHZERERAE RS
BEEI - REEH SRR T I STEM ST A © 4000 RERRAfEH
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1 think the differences in design, not only the knowledge content, but how they teach the
curriculum, what kind of activity they use, how they assess the activity... the STEM focus
on the class, what we do in the classroom... In the traditional industrial technology, we

focus on products. (F-04-01)

[ think the big different between teaching STEM program and technology education we

have to bring more math, more science into our curriculum material. (J-04-01)

2% B 3% STEM BRIZIER A THENM S - /RAIBELSE TR 6 A HY STEM JIFkEERE
TIEVARSCSUE - B AL AR R R Z HTRE EL i 2 S0 O MHBR SR B, - SEEE—2D20GER » 2]
McComas #1 McComas (2009) firfi » £ STEM GREZH - BIELE SR ALER AL AR FIRFIEHIEr
REN AR RS IIRERY 5 MBERADE R IR R R E R ) ~ M T A - DIREIeE
FERYENE - B R RS R A TAEREG T TP AVIE A - IR B S AV SR O -
LA AFEEE C KB F Aol - RiE ik E AR - [EEEAEITEE i STEM ZREEN: - 3R
s TR TP TR B R BV AR R R T B e ] - S 2 > STEM SRR B EA R R RRIE Y
7AEL - RN STEM BRAZ B LR Bh S48 STEM Sl MIGRAVERS - e fRom bR E: - B2
RH B ARSI FR A e s - SETTSR(LER AR AE LAREERGT ~ PRI R iR R R - [T IE
41 Kelley (2008) Figth - BHZERY STEM SRAZFELN TARRGHREARBEEETE - smiiE
BERATHH AT AR TG AT AT IE - W T R B LBLE - ARG - HRBENR F 22
AT - BRI STEM SRAREEMRH R AERE R RN AR - fER AT e
2T hands-on (E{E K EFSER) DAk minds-on (S FIH 2 fE RIS 1T ) E2EATF-tr - A1
UM GaRATRH

Definitely the content and the learning experience, I think that is the difference of STEM
education focus and the traditional technology education. We have to be careful because

we need to balance the hands-on and minds-on learning. (F-04-02)

(M) 593

fi 21 HACHIE - STEM RREZAERBI R SHE B 2 AN B 2 2055w - BLTH RN A~ A
[FIEERE ~ NRIZERE BN STEM R B BHE A EAHE (Bybee, 2013) - STEM 5 f—1{HEE
Fie ADGHE R IV > STEM BEAUFRE S SRR E R JRMUER MR aG s -
FE TN EARE IR - tLmZkeER - STEM BEE B#IH - SUSREIE > AR
o TR -

R ERENAERE - B NE R im e SRR T RATEGTHAVEY) - T T2A]
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TR T TR PHEYIAETE o 1A T R SR 2 R B R - % B SR A B
el W R - USSR EY)RIRCR (Berry et al., 2004; Pinelli & Haynie, 2010) © [K]Jt -
MEEFREHIZ TT M R AN - (ERCR STEM SREERYEEARTE » 2RI - AR SZ5hEE# R AR S
RRFrfEH > STEM BRAZ(ERLEfEH L - AR EEEE Uk & h i~ RO A S A 2 ER TR Bk
B - BREHETHFNINERE - DS RE SRR EGRERIRIE (Bybee, 2013; NAE &
NRC, 2014; NGA, 2007) - RIBLHEAE - STEM SRIEZHIIZ LB EE HIREER © 14T
STEM 3% ; 2234 21 HACHYEFTT 5 3 &R IEENY STEM TIEREST ; 4558 ¥ STEM Ay
BRNZ2 L 5 5HE STEM ERRIFTERAYRET] - MEEE TIEEIE - AIEEELE 121 STEM
SR AR R S BRI A -

DA Bl E(E Ry 5 - SERHER A STEM BRAZEGHZRT - R STEM S2RH L
faFEAE s - AR R S A A Be (A0 2 Fs) » 85 2 - STEM SRR
WIRRERIRE » nIfE=(EREE T 8% « LER MO 7 2. 8802 MR EEA 355 2 3.4
RO B Y SR AE
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FHEBRME » STEM JEi 2 — BT - SRIEERGTHREE » 2 — T2 E AR S
#r o 1€ STEM HERIAEZKE - STEM FRIZMELI TR " TAEET ) FEh - Rt
g T EEEE (REGEE ), TEERE ) & T TR ) (R - fEHER - BIEEE
it TERTERE ) KRS AERAVEE - BRI T ML K TR AURRER o AR
Z TS ST RHCEE Y STEM BRI - FERESERINUHEE - 5 2 - HIRfERER
F e R R 2 e Y SRR VR B R e+ B A O B2 R AR A, - TR A P RS SR & 1%
EYEEE TR

UGS - BHEEE ) STEM BRiZEREEE —(HAFEEREEENEE SR - &
B TRt R E R - 5 S AR E R R A EIE T - Bl AR PR S B B A B R 1
8% DUREH T EBEEGTEFER - A4G£2] STEM FREZH Y -

— ~ STEM RiZM X5t E 1%

(—) STEM 31z MO 23 5w L 1

R — PR AR STEM FRAZHVERETEAEE - 7ERTE 5 - WistEia &R STEM R
FERFFT B RV B Gm LR - 2R E (B0 f8l - HARKEWEEH S "TEHER ) &
J. Dewey HY " {52 | » HAMAE(RAAHBAER G A « RCEREER I Hl G ~ i E Gy » RIS
KA EEEINE WK o [ BE A~ BE G KEE 1 INMEH - HElEBI#EE 7
KAERIRETIFERE (standards ) » JNEPHE ({ STEM FREZERE I E ZEELRE -

HEARESIFEREES STEM SRR RAVE S, - BB~ 2R E T E2RARE 5
= (HE 7) FERHE TR - (22 F7iEN - BIEEEEE (Standards for
Technological Literacy, STL ) j2H 3% STEM ZRIZEERYFES | - FERVETTTH - JU 2 25
Next Generation Science Standards (NGSS ) 1 Fy R &R FIRE P b0 ELTE B HIMKES - TR e E] T
ERETEEEHNEESZE  fFHETTE - AN EFPRA Common Core Mathematics
Standards {FRFMFEERRNENZ2E - HZFRENEET - R ER B LB BT 2 g
N NGSS ELpks STEM FREZERETHAY EZEFERE - MHFRTER NGSS #FEH#F TRZE2E A
R IRIAARMER) —BR - SaERES SRR A RSB B 2% (NGSS Lead States, 2013 ) « DU SCE
BHCBE R EEMRAIGN) STL - EAIZFEE AR RHY - 3520 STL Fpniifi o RE iRty
FEAEREEZ - HELIE STEM RIS EHEHEA RN 55 < DL FEIRA AR -

1t defined the area of the study of technology. It doesn t give enough detail to tell you what
you are going to teach, at the lesson level. (D-07-05)

1 think it is very good. But I think now it is over ten years old, and it needs to be revisited

for some of the things were missed in. (E-07-01)
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We are at a point where many of us would like a revised set of standards and one that leans

a little more toward the E instead of the T. (G-07-04)

Feltt - 3523258 e e 58 DRt e AR H AR DS, » DME R 3% ¢ STEM FRiE
AIHRIE o MIEIT AR Z SR AT B H - RHEES ~ SR -~ fERBERIFIRE] ~ TRl
e~ REf R LSS - CORWEO R 2 Mt seE 3L, (Carr, Bennett, & Strobel, 2012;
Lewis, 2005; Merrill et al., 2009; NRC, 2009; Silk & Schunn, 2008 ) - [l 24 » 2% B fl1EE H
IS - RBIPEEIAA B — STEM FRIZRUIEUESCRE JHEEE - HERMEEATE S » &
A IR BRI A PR BRI 2 AR - B IRE NEE - DU 3R BRS¢

The reason is I don't know if it is necessary competing the standards’ contents, they don't

have a system adoption. And that makes thing very problematic... (B-07-01)

So I think the standards need to be crossed under some key ideas, big ideas. (H-07-05)

ERIERRETHVAE RS - BN FEEHEENZEE 2% E STEM Rk TENRNE .
— (Asunda, 2012; Carr et al., 2012; Custer & Daugherty, 2009; Kelley, Brenner, & Pieper, 2010 ) -
2 B NEH - HEMhERZ — &R/ R 5= - DIEROH2 IR STEM K82k 2 BRI R HERR,
REJJHEHE - HAENINE - Al n AR LE B RE IR INIE = - RAATHERE H ek st
STEM FRIZE A EEWNEZRHIIR - &R STEM FRAZFTFTEEERERE -

() STEM REEHEHERA

HR ERIE E A Y FRRR R EE I 20l SRR R 2 RS - RIS A S e 3 <2 3 8 DAL AT 8 e Yy
STEM ERFZ Ry b - e HoE I ) STEM FRAERR AT S iR fZ 2k = ([HIRE 6 ) 131 2% STEM
A HIAEBA SR AT DU H - Ry RIEER AT 2R HiI B E2A B - STEM 202 DIERIR TG By /5 =5
7 BB EHARERERE R E i (41 - BIEERR - BHEGR) - MRS SN AR a2 e 28T
fJFFE (Bayer Corporation, 2010 ) - Z[I[EIZ2# A K227 B Ffidek - L HET K-12 FYZE#EH -
STEM FREZHVER AT IERAERF 25 2R A HURRIE 2L - AR S MESRIE KR STEM %27
BRI -

HIRTRE 6 ZIEfERT AT - BN 2B REHZE R STEM FRAZ E D S E A ) B2 2 H B
R THAERR B S MNERERMESY STL Fryll 2 BH A - B TH R BR Ry R AU STEM
SRF2 (40 : Project Lead The Way » Engineering by Design™<5 ) w]#$H » “~N[A]HY STEM RFE(E
HEH S EREREUHEE - BRI SRR G TR E] LAl B R R - FRUERERIEER
B TREMRARR A R B » RTS8 N 2508 W 2 B AR HI A, » T H
LI AR A Ry + 5o — TR AE DI R824 STEM F& Ry -
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HIRRRAARN IR E B AR S - T2 BRI G oK B B 22 AR IR Al AR R
B > DUk S FEER A R TRE B il & b iy A EhRA (% - A0[R15Z2 35+ H FrfsH - STEM
AR Y A A i i B SR R R R G S - R o H BTRHR P A RE TR A
-~ BB AL - R STEM BREHE RV - 5.2 - HEFRNSEEEMEREN
LS - TR R ARIERES [ 54 2 B E R AV E 2R (Bybee & McCrae, 2009 ) » STEM
PRI MEEE I A HE R R BA A - DLs [ R - AL NGERATEH -

We provide flexibility so something can be identify as a specific social situation or

something is currently identify as important within the current on community. (B-06-01)

It will be choose either because there are very important, or they were fun and very
creative, they were fun and kids would be excited if teacher will be able to teach them

these concepts. (D-06-01)

It will involve our child in something that have some social demands. So when we talk

about food and water, these are real social problems. (H-06-01)

fERfER TR 2R 1 NS ) B R0 STEM RREZIVRG TR MG AR st
7 (backward design model) fT - JRAN - SCRIBFRIEARERERD S A = A AYRE TR - TR
BRIt REAF RGN T E - HR ARSI B ERRRS  A0LL T RN AR

It comes from the book “understanding by design”, the backward design. The curriculum
development in USA and professional development are using that book. (I-06-10)

Are you familiar with “understanding by design” the book? That is a curriculum model we
use for all of our curriculum. Sometimes call backward design, and it starts with the

end-of-gold and you go back from that. (J-06-10)

E R AT T R UE R E H AR - A BRI AR - REFEE R
B N B R ER RN - R AR RETE TH o WRaat iR e 2 SO i SR 3 T R
2 JERUE RS TCE RV BRI AR RIAERTE TR R ETREANS
B RRAET (Wiggins & McTighe, 2005) - fEHEE A STEM BRIE - Al B R
HIZBENEFENE - ARELGFESEA BEEE LRI (Mativo & Wicklein, 2011) -
bt - B 1R B FR IR R G T - TR Bh AR S STEM BRAZFTHILY
FERRAVEREFRIE > RS B R R AR - 5950 > 2R84 H AR HERE R
AR ERIERI R aETHE (informed design model) - fhatat 2 R R 4 5 A S asaT
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Al > SeiE— R AN NS E BT - SEETHHRRARY STEM HIRRELRIAE - DU REL SR SR AR -
FEERRAITEIL T - SR DUE R ByTrh T 2R AR is e - HRoES 2 B =AU E - 1M
FRE BB E R AFHE S - WP NERANERTR -

The design model is call “informed design”. Informed design means that before the
children start to design anything, they first build a knowledge basis... children aren't just

messing around, they are not just doing tried-and-error to get their solution. (H-06-10)

BEAh - Z#E K SR eSS RIBERA TG ET STEM GRIZ - FEFRIEE - BRI
FETRFEIGE - DEREBEMOTGEZERE - SERERREAZHEA M TS a8 Eg
AT o BEAR R — B R R h S BRI N R - DURFTIEERRAVRE TR 1R - 2
ETEAEAS A TR SRR AIRR A AR R E EREMNLGERS - R PR —EE 2R RS
iy STEM ERAZ - AL NN AR -

I used a process call “blueprinting”... the blueprint is when we create the STEM

curriculum, we connect then horizontally. (K-04-2)

So math teachers and science teachers and engineering teachers are teaching their content

in the curriculum, in the program. But all of the kids are participate in a long term design

problem. (K-06-4)

B bali<z 55 Fr e S YRR IEaR TR A1 - 2004 4F ITEEA Fir# e .2 STEM FRf2 Engineering
by Design » HI[EF 6E Learning byDeSIGN™ Model A& » 1 eNGINEER HY e f A SE 274
B - PR © % A (Engage) » $E22 (Explore) » i + Tf2 (eNGINEER ) » f&#{k
(Enrich )~ 55 ( Evaluate ) %31 6E R {EER AR - LIRS STEM FREZFR AV EFEFZ (Barry,
2014) -
SRIT » MG 2 PR (AR E e TR - T ARG L URERE R " R PRSE | IR STEM
S ST R BEEE (Barry, 2014; Bybee & McCrae, 2009; Kelley, 2010) - #25 » STEM §f2
HETEL A E A R 22 Ak 2 RV EN R ¢ WOE S E YRR B RE TR - BB
R SRR IR R Y STEM B IR & 1R DLCREEa R Efli AR S 2 B ERE - A A
B PR REBE T - DA Bh B4 AL asdih el TA232 51 1HRA .2 STEM HIGK -

(=) STEM FRENE B

FoE—UWEfR STEM FRISEZER LIVEE - (£ 8 £ - Wiseain 2l E STEM
PR FTER P R T R B BN « B <23 F ZIBIfE - STEM FRAE R 515 % Je DA RIREE 7] J
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WEEANEERE - BT EROMLE R R E RN R
(hands-on learning ) » DR 2 {158 2711 T SEAHUR NG - THYEAACT - 2 B R H
M STEM ARERIVEUZBISUEER (LR S 3aT - EJE « 07 - WURRBLRTASHy BT - A0
R

1 think the main thing is we want child to design, we want child to investigate, we want
child to analysis, and to develop fair tests, to make judgments about which is valuable,

affect the performance of the system and how they know. (H-08-05)

BEAh - SZFEREMER] - 5EAN - IS IIEGT - IR REHE  2D/3D B - HiRE
& SRR - REAGREE - RIRFEEE R - IR AT E AR - BiRMS 0 12
Hii STEM JRAEHRT - AR RISHERERDEEE LT ONEE  FEARBSEL  HEE
HhZ2 BRI E AN B 2 AR B TR A AT PR AR AU &S (Clark & Ernst, 2008; Merrill et al., 2009;
Schnittka & Bell, 2011) « [fliEZ > NS A Frdal - SEERERERETTAL (design
journal/design notebook ) FYIEH] - fE# B ERL SE Rk AT RS M AP 2R AU ER T R 2 Bl 22
FERTRE 9 > WHoeEan e S T HE i STEM FRAE i 1 ZAURTEEL N - ZEZ 2%
(J\L) EFHAREFEH - ZUMAVEER T~ e 2 E e STEM SRRV ARIRE - HARZE e 2
RPN o SE I AIFERR 2 BB AT Z P SR B B SR B S A% - ¥ 5 fiti STEM 3R
RIRZ (50 » AL RIRRNAFTR ¢

... we need to prepare teachers to be confidence in the appropriate level of math and the

appropriate science concepts. (A-09-02)

Integration is difficult because in many cases the teachers don't feel confidence and

comfortable teaching some things that outside their expertise. (J-09-01)

The primary problem, underprepared technology teacher. (K-09-01)

AN ZE R R A B2 DG B R P S HE B EE 286 (Fishman, Marx, Best, & Tal,
2003 ) + (KL - BB AT E RS B MR - AR EEY SRR - K
BAKENM STEM SRIZE AV E ZER % -

(PY) 55w
A0fE Kelly (2010) A5 » BHEEER STEM BRIEEA L 0(LAYAR - Hb » BRIEEGRER
TEREE ) IRMEZ T TIEERET ) REGEARIEEEENER S T HRREE - B
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RO - =FH P TR R 3 FrssyfT 2h - BHEER STEM SREHLIE
RBHEGERRE ~ R R e - sl TR LR A RE R KIS ea e - BN R (A2 E R A5
I TAERR AT A SN R - F (20 B 5 R B ] AR AR PR AV B2 AR 5 TR HIE AR 2
IE  BERIIAT KB AR A R A B (B A1 T 2 Ay

Teatkat
P SR
o/ AAMAN

B3. STEM:RIZ8VsL5TER4E

TERIE G TR B b AW TR S E B R R AN HY = A n] 1 7HY STEM FRAZ R G -
BT STEM A 2L TSGRV - LR YRR E i g ) sl PR I Y B RIS B AT
#HEL © 21[F Bybee (2010) FrfgH » MR AAVRIZE B 2B S ER) STEM A - HoJik
&R EE R T « TERRTR R ETHYEAE T - ZHl AT ] backward design model ~ informed design
6E Learning byDeSIGN™ Model 5=, - SR » 1EE S 2% a R =R - BAmA B LA
HELE % & STEM SRRAVRE ST - 52 » HAME B E Sy STEM &5 3k il 22 5
SEHE - CERRIEE - BB TRV ZEAIRE - WIESZ30# K2 SR FTiEE] - Ei STEM
IR I KR RTETE R AN HEM N - 3 2 RHECENIE R A 40 STEM HZEHIREKE g
BRAHVERAR - RPN Z R S0 38Ob (el 22 32 k(i (Asunda, 2012; Pitt, 2009; Sanders, 2009;
Williams, 2011) = (K|t » Zkffi STEM BZERNZRAYRNBREL AL - K pORHER L ERAZ 28 R Ui K
FIBKE -

& A AEEE STEM EERIFEAY I EIZEE » IR A B A B R AT 2L R & 1F -
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BRI GREAR FE AR R AR AR - A0 - SRR ] F A HEREI AR - [
{RERTE (i e B2 B EHE - KT - SE MR U R (R SR Bl ] R AT A i e LBt 5
REBEER G (F R A Akt -

FHMERAERHERE - MR RRHECEER BT H 5 R R R E S - BETL
Bl RS B A < STEM §RIE - iS55 AR At SIS IRRAYFA RN - S5 M7 i n] 17 B2
Sl AR R AT > 7R ] o R T R A p [RI B SR A I IR » 2RI - SR 2 (e
TERRERG TR HIEEIE STEM FERZ OEE - IR HEATRRE R AR &
SEHETE) (Wells, 2013) - AN RERSCE I STEM BRIZES 2 RIFIFAI R AV -

i e AR BV ER AT A - SEBIRH R Y STEM FRIZSE I RH B B2 IR TR
FENE ORISR E - B - BRTENE LR TG STEM HERAVEGIN » HEE
BB R R SRR TR N - (2218 R+ E R BRI R i
KRBT 2 OHE - NES FEE45EE T H - 1] AU - B E R AR
BEHHIRERRAEST (2RSS - 2013) - EEEZKER - 200 4 s - AWH7esERs3EE] STEM 3R
R ARIIEUR > T2 R T HE R8P SRR B R ERUFRAE - e o DU T ARG T IR
B HEMARRIERGT - EERAVEEERET - FETEE DA RIGERIEH R A E
B0 WDAE 2Ty BEE TR - s LB AR TR S B B A R B RS2
JEF - MEMETT A& STEM G Kk TRE ARt HERYAE

=~ WZTE[E SRR

At FesE AR 2 R R B EH S ARG SE STEM ERIEAHRBIE R - DAY
R STEM e MEEHEBEBEHE 2R - Al - STEM SREAFHESZ Tl « ZHEA
WIARE - FEARTET - ZIRIITE & L FIREZE - ATk R R R E s 2%
PRI » ANHIFZE 3095 1Y Rt £ P s (e AR RCECE RO BBRG - 2KE%E STEM FRAZAZERE R HAEH
TEAITE o PRAEAHRAR FE B iR TE R AR 72 5 3 - FE R ER BB ik i A > 5] STEM
PR OEESEE I - DAUREIR R 2 HSEH 2L -

{h ~ 5 v S

STEM FRAZ EAE R B R 2 it B o BUEERRAZ IR IR ] - TEAE K-12 BEERAURRAEGT
FEERNS ~ BT DURATE RS B F AR WENE(L - AU RBHEREENAE - #
af STEM BRI M OMEEEEES - DULERFILL T =Hk0Ee - 08 S8 h) - B R
BERH =R -
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/@%ﬁﬂ'ﬂﬂ'&%{ﬁﬁ%ﬁg (International Technology and Engineering Educators\
Association [ITEEA], 2007 )
L DR RERMZOEE -
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— ~ Khem

(—) MEHFER STEM REEZ —BRESAHHBHEBF R
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Core Value and Implementation of the
Science, Technology, Engineering, and
Mathematics Curriculum in Technology
Education

Szu-Chun Fan Kuang-Chao Yu
Department of Technology Application and Human Resource Department of Technology Application and Human Resource
Development, National Taiwan Normal University Development, National Taiwan Normal University
Abstract

The integrative science, technology, engineering, and mathematics (STEM) curriculum has
become the primary focus of American education reform, as well as a new curriculum development
trend in some developed countries in recent years. This study sought to develop a holistic
understanding of the core value of the STEM curriculum and its implementation regarding American
technology education. This study employed a qualitative in-depth interview method to explore and
describe the educational philosophy and core value, curriculum design models, and instructional
approaches involved in implementing the STEM curriculum. Eleven technology education experts
from the United States were interviewed individually. The results are summarized as follows: (1)
From the perspective of American technology education, the STEM curriculum is an integrative
teaching and learning approach. (2) The core value of the STEM curriculum is to provide a balance
between hands-on learning and minds-on learning. (3) Technological and engineering concerns
should be the driving force of STEM-based projects; specifically, “engineering design” should be the
foundation, and “science inquiry” and “mathematics analysis” should be the key capabilities for
integrating and applying knowledge. From the results, three recommendations are offered for
Taiwanese technology education: (1) The inclusion of “design and make” in the Taiwanese

technology education curriculum should be considered as the major content for developing students’

Corresponding Author: Kuang-Chao Yu, E-mail: kecyu@ntnu.edu.tw
Manuscript received: Jan. 12, 2015; Revised: Jul. 9, 2015; Accepted: Jul. 14, 2015.



JHTE A STEM HE AT H o 183

problem-solving abilities, whereas “engineering design” should be the core content used in high
school to develop students’ problem-solving abilities with STEM knowledge; (2) Technology
education should provide students with more learning experiences in design, inquiry, analysis,
testing, and evaluation; (3) The key to successfully implementing the STEM curriculum is to equip

technology teachers with an understanding of the curriculum and the involved teaching approaches.

Keywords: STEM curriculum, technology education, curriculum design
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