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£ 5 . STEMBYRAEEZITHR

— RIS TIZAVRIR

THRHUEARE NBEERBER DEE 52

STEMEBATEZNE—ELUMEREALIRAANEE RN - BRI RKR LB - &
BAERNBABENERRNRFRIE » AARETE LHRE - AATR - R HETEIESTEME
BEPNACREKS  BREAYD - fEZMHEREERRATHE  EURE TRERZRH
MEHSTEMBBELEMAY - HHEEME  AEAEZEEMBIENAE  TRENSENS
Bl LIKWMEESTEMRBEHMHEEEE - B2 7 A ERBAREET TRR - hEss
EMEE - &% - BFU—ERSLEENERN TRRERFRDT  RNWAEERBER
B EARENBAREHERE - R—IATIRRET A - LMEBESTEMA B BERIEBRIEE o

2. TiZsXetBRERE Y

WMRFHEBEETBARER  BE - TESRR Y IERER - siSER—/ » TREEERA
RBEMMNFE - EAMEBENENBRRR AR MHES R - LBRE SN BB EE LA
Ao TRZINENRZBEEHEENANHEHBRNER « ERKE » W& 4 - AENTE
RETAERE | REME - BRFEENRG  ETH - BRRET - RIFAASEER - D7 K5
i DIRIRIRSHEAS RASR AT LI R (Atman etal., 2007; Hynes et al., 2011) » ZE(EFHAE AL

RLTFHIRERE R °

RERME a .J e - az
Sl i I BE e | S0 (= | i [= | 2T | 55

t t

KRBt |-

B—: IEROhEE

AREARF D RBRLIBLZRAER - TEREEREAEIE  TUIERI R —EREERYN
B o BLLEATRAN R E—RNTERIME - EERERT @ @ERIFRILERRT - DAY
ERAN®E » IBRMHBEEENER - ERFRENME LEBRZTNEMEZEEME - B—AT
B AR BB RAEAIES] -
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3. RIS E TAZE%5T LAVEA

BRI - TRIF—EFREAMENH - THRBEBEBNENR - ABEAIR T ADERD
TRERLBERREE - N BESH - TENRREENSEE N BZG - RisFHHIREDS
ROBENEBIRIBHBE Y B - EHITSTEMHA S » EMEZTEF BB LR TN EBIR
EMRE - RERGTNESRKRE - DURRNEE - B T EEERE - BietEEHELRRER
FE FYBELBENETY o

MEETRERNERATLUD ABER R - £—2REMSHER - F RS RFTAELMHE
HEM - RZ TR CHMERFEZEANSHSHKER - i1 - MRBR—EBE RAVERK -
RirERRENERE - FREEREOMNAME | XANRFERRM - BRY ZEHYENERENET
Bt - MEEBMHRRE © RaTH] - BERVEZBEMEBIRNENE - FEARTAHE
RAEEIEN - ATRMA - STEMAERMRERABAAE - WREFMAMBNERE - BEFE
STEMRZE » ABHERRSEEERNRE L EEHRRE -

HHEHBMES - BERTRENNEEEETRE FNERARERERZ - EEADFEARNA -8
% BRAERMABHERFTREELPIEHE - NERAKBEREETHNEREMAERNNAR
7% BRAFRRBAMALKANAEREZRESBRKBENRENRR < FLT7E - lRYZE
—LRRERENY - FNERER ~ LU~ TEA » DITNRES - hEE—LEREHEN - WERERR AR
STER - MM SHENREERELREERIVEETH - HNNEMS - MERERHEDR
MEBRRERER - ERHELHERWEARRE - EFERNHEBEABEEMBELT - B2
ERMBAETREEEZRE (P10 BIREE) - URERREELEER (FIn @ B mLLE R
NEEWPLER ) - DIREELHERGERNER

BB - ETRERET L - RIEEE R DIEBLL T IRk SRS ? RE1ZEEME - BfeET#LT
RGN SRR - NEETRENTIESNENRERR Y BERRABARME - ML
RARLITEME - BRANEREE LNMERERN - AIEEEEMIRT - REZSBNHMEAE
AURER - B - SR - RERFMN TRRFTTEREAENMTT - S0 MEHFTEREE
MBI R RETER  RIERE ~ SR « OTER - EREE - EBERA . DINE
e S o JLLER - BRI SEEER NI ZERAY -

4. BB TIERE 28RS

14

Mt R - ZRTRERBE - ALUENSERENERFTRENEERS - EREREER
% ZEAZRT LRRGHARPNEEBERTS RIMETR - ARERERT L #EER
AERITESISKREZR (scaffolding) - BBNEAE RS AR BAMEIEAES] - REBISTEMERNEITE
JERIRE] - BiffI2%E ¥ Baker and Piburn (1997) HRIEEIRHI AT - Bl HE T IRRETHYBE S
BERREHEM BB EEEIER « ERUAK—FTR
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n

x— TiERGHARHR NSNS HEENE R

TEMERER/ RMERETHHE BRI RE REMIEIRER
7 HIFEF TiEIEAER EIEHET LR
RHR®

- IRBHBE RS WHBRER
AR R E H RRR

C REMBERNERETR e S HARRDI ) REE

EE

Wi EEEt - EEREmW DL BRB AT A - LU

ke REBEERANBE

L PR KRR SR AR R - LUE

ETEE

N

HHEEEENBREETATE - SATEAONRBE AT
e - B EE ERpE T TR Ea REPR—ER s (Bh
RS WARDE  RHER - BEESREZREEN

- EHEMEUY ERENER RECEZIBENER )
a  RIERRE(L

- HHHRENRE - RRERERE

S E%%/DJUFE% ’ T%?%Fnﬁ%ﬂ"]ﬁﬁﬁﬁﬁ ] . o
R | BYE PR - SRITEIRERINRA, it R BRIER A R R
JEEE | - Amnems o SOOTAR BEMBNME  spsswmawam - mes
T | PAREREORBROEEEEN 5 snenprin s R

I TR EBREE -
BRI - RS e
B R s CHARERET  NAREgn | RIETEERESSANLR
Sevesd BHE SFBERFEER - FERGED HE
EEIg TR R
TSR AR T A
HoB ~ s ST - B BB EEL RS R RS
CMARKWFERA—E AEESE  EABAATN—ER
iR BEIEEQEWILE  BREEEL - BERRRGEENEER
£ HBRARSENES  LARR F BARRPRNEE -
RS ROER Bt — B R A Rt
B KB BRI S R
BEREZR . HI : ERSASE I
E&E . Etm]\ﬁ/\]iﬂ#\ Kﬁ%ﬁ? ( ;D : 7JJEJ‘1§ N iEJE% ) ﬁiﬁﬁﬂﬁ - $E%7ﬁﬂ§ﬁ$ﬂ§$fﬁ%ﬁ% ’ E&Eﬁ
W o -E§]@$Mﬁ~ﬁﬁﬁﬁ\@ﬁ% GYE S
BiEn

5. —([B I 2545109015 — 5K RIB RV
AREIZ2 88 Atman et al. (2007) and Hynes et al. (2011) ATiR MV T2 5HBRE /AR » DI—(EEEHN
TRHET  FRAFMRER TRNERBRE - ARSI TESERYRESPREREN—
TESTEMZZSEH) o

db5 .
SR

ERRATERREFR—ANANFRERER GrRRIGREI MERMT) EX DRIt « HElt Ry
BT ERTRERE - RE GIARITRRERSKTENE) &ratE » HRdeEHnEL
M RESEDBIRRINEE S HAY33,8001273 KM 17,8003L T3 KAYIS7K IS #0ATHE A LRI
BRNMARBRRATHRISK - MIREESRENONRE 5K EER D R RIEE - H5KRE
S8 HAEH93,000375K - HIIESH190,0003775K » S57KERIBZREIRNA Z4IEFAEI=4% © [
B BB AR AR S KR ERAELENBEK - FRIFRAXER  BRESER
SR RIA 322 A R BRI FE 2 AK o
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TEME :

AT REREMBIRILBRATERNBIZHAE - DURTDSKBREEEN R ER - ITEE
BRETRHEDEMRE (26)) -

- BET EE W R MRS ZE SRANE S TRLE R &) 2

- BREESK A LU R LR R ?

- WERIURE - WEA YRR SR UBER ?

WEMBIEE - EERRLBEYR ?

- UVATEETE S5 7K BR IR R AR RN RR 2

AR R AR S KRB A R R AR IR E ? MERTEEENER ? HEET

BEE?

TRt -

RAEATARTREL

e RRREE LR TN —EEESH - TTLIRA—BIEERSARA - LIS
BRARMAE © FRRASIEHSTRPNEESE - WEEAEENSK - BIIEDK - &
WSRNNE BRBENEERANER - HELHTRRBRENRETAPURT -

MREEEDEERNERTET  TLURBEARIREN (1) B (2) A¥Y (BE3
R ) A (3) BB (HI40 : $43KE8 ) (ERB RIS KM ©

SUEEEE NG SSAKERIMKE (EAKOKE) 1T :

- EE ~900NTU (12 g 4% + 12 g k8 + 2 L KBEFK)
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- 85 =100 wg/L
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a1 | RSEREAHEIRESED IBaEIE PaYER

BEERES (TEKET2.0EXK
IR BERTERY ALK | )

EARZIBNREZE
- BEEBRKE (BERIZE) 15.5 cm
" ;%E Z 90% %Bﬁ% 2 .".f N
- BEEG(E = 6.0 to 9.0 e
- $ <10 wngll |
57J<Jf£§_?ﬁzﬁa’]lﬁi [l -
BN RREBFBEA /N im0
Ei( ’;%mﬁ’udllﬁmﬁ”ﬁfﬂﬁﬁﬁ
. ALlER— e (W = 2RF AT ERGFK
SbE ~ PR %”5_?) E - B
@%‘3%@@2%&@&2%3@%% 79.5 cm R

B TR B E SRR E
B8 A REETEMEE T EIROBaIEE

B & V1 HE2 (mass balance)
BEVERAESKEEER—BRESL - EERABERANGE (B=) - #E5TERERFNN
A (inputs) M H (outputs) PARFRLSEYNE £ E (mass flow rate; e.g., kg/s, kg/d) BES (AT R FEIB TR

FARASELIETERSEYES o S5k EEIES/KEFTELEMNFEREEY - EFIFTAUBTSEESE

FRIER AR - B3 : (1) JURMVEDT EIBEM (2) AZRERIAZKNREFIEENT R/ - BT LIA

REETEHE  ZRLESANE L - FRETIUBRENEERDNITRESE - LEHERRAINAE

MEBREHECRE - BEVEMSNGRAT | [RE]=[EA]- [EH]+ [RE] -

"R, -SHESEES

TEA L = RIERISKE (#K) NEBTYERE
TEE ) = RIBASSKP (HERUK ) MERTE S
TRPE ) = REE (40 =&uiE - RS ) ESKNCEERTAESRIURY (2 §81/kiE - 8

SULIRE )
PIYNSEE i =lEE l

|mA Eifaw

REFIE T E RS _ REZENETEE
eV
IR T E R
2. REBIEFTELEN
k=Kl fh=k=tia =
B = : EfTRIIBHNEE TR

BETER S E NN E R EH

PR LE SRR AL BRIV /KRB EZR A - BRIAAN R EBERA - R =S @AM/
FRELBREE ©
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STEMBMAERTT R — RIS2E TIZHVER
n

PI=S b EEREH
- S HME = 190,000 m*/d
- XY EBRRE = 220 mg/L
- BEBUKEN T EBSRE = 20 mg/L (= 90%EFRE)
- =&k (FeCls) BTIE = 100 mg/L

BEZE5IR (ka/d) = A DU E88] + B [RIEB R E RIENER]

(A) TUBRAV Y El88= EKIERT E 8] - [(HERUKi BT EE8] = (220-20) x 190,000 = 38,000 kg/d
(B) *ERIPBIZ T AL A S L= 100 (55.8+17x3)/(55.8+35.5x3) x 190,000 = 12,503 kg/d
H#855EE= = 50,503 kg/d

(NEREFERENT > MBARKREEEBCEMNHE  ATLIHZMERAELER © )
LR
FeCls+ 3H20 = Fe(OH)s(s) + 3HCI
HHBEFEE:Cl=355;H=1.0;0=16.0;Fe=55.8

DEstma Y TiEER

LUBRE fE R e 2 Y EHBESTEMIN B E o
- S H & = 190,000 m*/d EIRSHRET - B ETRERNS
KT BERE = 220 mglL e B R TEA - RO S
- BRI T B BB = 20 molL (> 90%EAK) BREBETOE - BREURESR - T8

* B3ER (Al2(SO4)s14H:0) HIFH B = 100 m/L SEEREER  BRERESAENTR - (E
(A) TURHYVER B RPN ST R AR BB RRME - AR E
= (220-20) x 190,000 = 38,000 kg/d ¥R SERRSESERNSED  REREEH
(B) * BT £ YRS 85 TR NBRR RN » BRAMEREREDHER

= 100(2)(27+17x3)/(27x2+32x3+16x4x3+14x18) BIZR  WTEL RS IRARIE o
x 190,000 = 4,990 kg/d
SHSEER = 42,990 kg/d (8i15%) TR » —(EEMSTEMBB R » EA Rt
CAERZEAELT - MPLERDRERL (TR TG R £ Lo o L IS
BHH - ALRZAMRET SRR o ) BB WM > I T RERERRRER
(A DAL= M BEANSRIHEMNBHE - 7
Al2(50¢)s14H.0 = 2A1(OH):(s) + SH:50: + 8H.0 AT ORI o IRIRIE LB AT AT
HEBRFESE:AI=270;H=10;0=16.0;S=32.0

REBLEFTEER - AILUERRENG ST IR AL =R LR E -

sEEH .

Atman, C.J., Adams, R.S., Cardella, M.E., Turns, J., Hynes, M., Portsmore, M., Dare, E. , Milto, E. , Rogers,
Mosborg, S., Saleem, J.J. (2007). Engineering design C. 1 Hammer, D ) Carberry, A. (2011). Infusing
processes: A comparison of students and expert engineering design into high school STEM cousses.
practitioners. Journal of Engineering Education, National Center for Engineering and Technology
96(4), 359-379. Education, Paper 165, 8-13.

Baker, D.R,, Piburn, M.D. (1997). Constructing science %Eiit%ﬁ LR EARE N TR R AR
/n middle and secondary school classrooms. Boston: & (2014) Bt Tiz kR
Allyn and Bacon. http://www.nentnda.gov.hk/chi/report.html
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BEEHERE MBRRREER FYE

B

H

BEESTEMHEE - RSBBEMNNNEEFN S BERENRE -

"RAZEHRNBERSTEMEE ? | FREKREM - B2 —BAT2ERNME - 3R - R
UEE L REAR - ERRNKEEUZRRNR TFE, -ME - hARE-EXEERTRE
FRSTEMEE ; B - ZIHRAR "RE, - MRETARRENNERT  eAM=EEEELR
AERNZZEAE ? RN - AREBERNBERBNZEA - BAZMLAGREC @ &
M2 ERRERH - ZESTEMHRA -

STEMSRFFLUZHH d © BLEANKEEMH M » Resfhic—0 - fAREHIE Rz - TNREEK
ERECHME ° STEMEB A —ERAETIHIIEEN K TEAT - DUEETBRRERIFFE
FEL  RAEMAHMBEENZAT » A—ERR/EEBRB/NERBSTEM © RAER - BIfE
ERNERBRERENFSHTISTEM (FBEURE—F) - BLBLNENABERRTIREA
7 o BERBABLAREZERFRBMA > RELBESTEMEE - —RMRIZ22ERBEATLUREEAK
HEHFR - A BE—ELAME @ HaALEENED - EERBERT - STEMEE X2
AEENEBNBREBENRY ? EME2SEMNENEENERR Y A AR - DIEEMS
BRI TAGREZEEH - H30 > SIEMARSA F NBRBDEHZBENRO—FRIBRE -

[OERIERE

EXF—ECHASTEMEEMER - HEM—FHRE - EFEMS » BEASTEESTEMHE
BN ER  BOMBER STEMERRY IRRIZ2EEMEARSZRERLN  AIGEASKRINER
 MEERE  BEREEER » WMARBOLEM REREERMANT —REFEREZR
% (Scientific Literacy) W ? #A5E - BEREER Y ZHH (knowing) » BRI LIESEA B ERE
(doing) KB/ EERHIA (being » INREEAE(E) UE ?

RALR - BEHZBREREENERBAB LN ERBERIBH (DeBoer, 2000) » FEE
5 REREESMERE  —ESRRNSENBLELBRE - SINRSM@EAET ~ MARERE
B~ MBMEEZBRENAE  —_EREASHELEHIAE (Roberts, 2007) » FIAIRRER X
EMERHEARBENTE NMAERNEREtERES -
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BRSTEMBEIRIZRE

Thomas & Druant (1987) EEEMARARI 2R BN/ \BRE (RR—) - HPERIE > B2 EEE
BARE > AIXEEARD (B15E2 34 7TK8% > sHEAREE_F) - STEMIEIEAEEBHE
A RFEERFR > FARSTEMESZANMEZHEN FMRA  BRERINERSEREAAH
ABRR - RER—MMRIBEE (METREBHRR) MAZ - Am - BSTEMEEET » AIEHR
MHABRREEFTENEL -

FEL  BRAR-—RHERETHREREE - FFRRE - ARFINNENRE -RE &
IREABHAFRIERBY » SN EEBRRZHREREDAAE - JRERANANELE
REMAREDRARER (NBEBEJIRNANEEERZAKREBDBEA - TRERH XK E
DRETHIMELER)  DPRBEEBENKAE  EREEEINIEHEELRINSEER -
AIRFEE » WABLHRHRERBRE—RERKR ; 8hRE  EAHG - READTME
L RRBELRE  MERE |

STEMFT&FAR » MR T HANEES T EXMIUEEE - EeHEXR—54 MINEEREEZR - &
BREARBRIRBEREARS » TEREMENEDR  DFHBERATE - B4 » EEHEY
SMWEEERFR  PIBABRAEME  FAFTEENE B -HEBELRTE-MHERE  (FH
e (REE=MBHESEEBHBRELT) - Tl STEMEES24RREBETBRANEEE
B - XEIEZHT5cZE & (National Research Council) (2010) 1218 - BAFRREM " 211H4CHEE
(21 Century Skills) —EfE 7 (Adaptability) ~ FE¥E HEE 8 (Complex Communication) ~ 132 (Social
Skills) ~ LIFEER AT AEEE (Non-routine Problem Solving) ~ B EEIE (Self Management) & R 4% B4
(System Thinking) © —fRIBREHEEREE LREIUERIE - BARERRYE - RARES
SRNEERE  ERANE A NEEES  BRUEEBRELARBENER - e L
B BESTEM - BAALUABTRER  BEANE B - BEZEEFHER © KEME -
BREZ2EEENZHEBL AW EEHNEE - EMRAEEREE (MEED « LUEESEH
NRZ - ZAETH ) DB ZFER ~ #5 o 2016 KRAMPISAKRTIMSSER » BRBMNELE
BRIEFNEEEESN - BERASHHLIE 2114 ERE ) MBI » RAHBLEEELRED ?

Iteoh - EB7RE5R A T RZKARS 4 (user-competence) » BIZRREBANMEZTAMK ERARIE, - EAER
BH - EHE T Heas AILIERERARE » Pl B R L ABURC kS (Data Logger) EITERE °
AT ERVRE TEARE L ENTREENER (AT ES c FEENERRENFA/E
BB R (International Society for Technology in Education, 2000) o B2tk » STEM{ULFELERL
BERTERAIEEZM o STEMIMAY T2 E » RABLEEILERE (Constraints) FIELT -
SE—(EESRFRELEEK (Criteria) BYFEM (Product) » EIEIFERBAFAITH ~ ARONER
B - TEBREIT - BEEH5I% ~ 2ERAE > AR ERRNESRE (BBERIEMEEAI2E5t
=) > MeErHERRRIMEAET &SR « EREARHL © de Vries (2005) 12 - RHL AT IZAZ
AATEED (Artifact) ~ HIHB (Knowledge) FiBI2 (Process) © —MRIBERR - LHESZ4E TE
BN TRF EREREENSMETAR  UFREX FRFA/E - BAOERRHL o STEM
HESAAEREHEABLFTERNFER - BERUHREMAG - ARTE—EERIE - B
ERRERETRR - BIIEIEREHde VriestV =TEEIS ©
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Z<—  Thomas & Druant (1987) #r & B2 =&Y \(EIFFES
1. EEREBHNAE - BENRES ; BBE "RIE75% ) (scientific approach) —IEMERERR » B
BEEITERM - RS LR BABEREEBERNAE
2. BERIRMAE « BIEKARS) - WWHEREZHNS 5]
3. MERBNREERNMEE  BEMRES  £ETREFEFHNER  UEATRERRE

RIEAR

4, BRI M EAENEERRZR  BENEREBMTAEELCENERAE  AKA
RS

5. HIREBNIHDPEEMENES BRI

6. EXMERNABEBUBETRANERE  LHEEESAXNMATEIR

7. R AN ERARMERNMNEER  BEaEREERN "HAXREED , (user-
competence)

8. BEIARRSEMPHEHIMAER - ABEEARNAFNASRERNNER

EERHARLESTEMB BB EM » AJLIZ%E Shen (1975) HRIEREBMNES ¢

(1) BRMRIEEE (Practical Scientific Literacy) — BBIARMFLEARE (2FE ~ THF - HE)
(2) ARMMBIEZEE (Civic Scientific Literacy) — EARRE N ERN B FHAN T EREFLIBARK
(3) SXALMERIEZE (Cultural Scientific Literacy) — KRB « RERZRZ—EEZHIABER -

STEMREIE B ERAMMERE  RAETBREARLE  REPHEME « BEARNAE - ZERAR
MHERE  BAFRPAM SRR EREGEM - FRETZHEIRITNEE (Sadler et al, 2007) °
STEMEEZEE A R L ELEIE T RENERAEMT - BFAITHT  IREN - BRRS - HHEM
BERE  tMEUZAEEM s MBRNHSEEREERIAR R/AE—HIBIIZE (Independent Variable)
REETHS - AEAREZAEEANEEE - ARMENBNELASHRT2BRERMFTE
R - RERHSTEMEEEANREBEEELITE - ER MR
BRE  STEMERE—@EFE  £ELEPAMNERFEHME
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FITIMSS (Trends in International Mathematics and Science Study) RYSEYI/KHE » SRaEEHB Bl{E20114E
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STAIER Y S 2IEAVER 25N - RIS BEMAT BIRSSTEMR BME LK - 85T
WHBRP TG EENRE S MBS AR ZRENAERERNER °

ATESTEME B DPEITAY
EEBHEMLNES >
BRWARNE  TEA
HENBEEZY  fINXE
EE= iy —MKERER
(Michelangelo) B#E 8 AE K
BB SRR > bR RER
BB ARSI EEE ¥ (K
BRI« B M 20 g PO S
RS e YnE T CL I | LR X L

LETYEF R LA (Caudi)
1218824 BIIA B T E B R
RAAMERE R ALUES
RS A M LS R BT 5
WEH T 2BMR DGR
w(E—) 4 BALBESIK




FESTEMEISTEAM — iRBEMHBEESTEMIAR

EMENER (B-EM) - SAKFR
R REBRIR AR AR I A
B8 JRK{BBMBASUELERS
T ARESAH - MEZZEBREZ AR
7 BE R B HIZRRIF RS SRRAERIR »

ERHENRBBAFECY  RAESERE
AIRRAEFIAERXERIESE (Read, 1958) 7 #E
BEE - HESEEMN IZMAERSSE
(Vitruvius) FEATT— AR (BE+E) PERE "8, S WREXEGESLHA
(HEER) - EXASLCREBEASSRNER A T7TE2M (BEARBLAEY (BAR) H
PREFERFNAMNECH » ABEBREEEESDENTXRLY - EEERBHAETZER
AR > e LASREEARTENRERMBIRN TAREREMNHAERNBEIFRRE
EZMEBHRRANGERER  EXEESSERESHA (BIREa+btbaBRattb » BEIX)
EESZEEHEANZEZIFZL (Mondrian) FIFTER, 2 (Neo-Plasticism) BIfEL (Bt) * B
BERERERINEREBENETEMEL (BN\) »H TEE—ERINGEARE  BELN "8§F
., 2HPERESHINBE RS  WHEZIMESERHMBAILIANS T35, NERE -

a b

o o o
- >

e
a+b

a+b tt a EF a tt b

-
‘ i e e I e S L

]
>
B
K
4
&

43




l'smm%ﬂz%—'ﬁéﬂaﬁ?ﬂﬁﬂ%

L

&l /\

REGRIVNSITFIRMAEITSTEAMEAE » BIRER T SIASDITEIEZ SN - IREFTRSLEEHRE
2 EAF B RIZHEAISTE (A) MEHE] » BlLN : BRFHEMIARBEML " BESYE , RHESIE
2EREFYER - NRERUEITTHHANRAIFRER - MEMXRTMMASEREEBLENEYE
i (EA) - CEHERGEIK.st TR - FEBI0RWIT MR I Foodware » Bl
BHBEEATHNREZNUE  BERAZBENNMNMGINEESESF2E - NUZEBRYITEIHK
EELRENEBITNAMTN (B+) - MATBR2EHTBETRBRMAVERER (Maker
Faire) 2 " BRETF | EB - BAREZENAREIRERE AT —E B0 E AR B IR HAVEST A
B (B+—)  HIE—8MALITENARE (B+2) -

R S

HAISMEBMBHENAKKRIESE  MIBENEEREHLIHNEEE ?/'%"55
EEERR  ARZERFEENERABENVEGLE - BELBLRK

HWNRERE » SMAIRNER#BESREZ - AR T ERAENZNHAER/EN > B
EMEBENIENABLENTE » AR FLHEENE SR IENRRE  flINEE
MBEFARNER  AMECEEGERSTNEAMFLGEEE - BMIEKE—NESPXR
REIRE ARG ZERNEN > ELAEBMINAXGEE A AFHAAPIBOBHIER (httos//www,
youtube.com/watch?v=sUCpuaq|1SQ) ¢ ZRZEX 7 » TR EM KA » XN2EHEZR (http://www.da-
vinci-inventions.com/) ; {BFTAEEMNEES MR ~ BIE ~ £ ~ 82 « HEM T REEFEE > =58
DB RERN TEXF ) RIEASTEAMIRERE » A5 ABEMAANBNEERRERER
AR ~ REIR - DI RIER)ERE B

44




ESTEMZEISTEAM — IR BEMHNEBESTEMEIAR
[

BBIRHMNSTEMEE (BERERREZE > 2016a) HATETAEIRNEENME - ERBEREREL
28 T8F , NERED  YEHEABLDEMERFNREARNERIBMNERTT R - LUBRBARSH
FERPSERIAEL R ARRIAES] (6RR ) ~ BB +—IHCAHRMAIES « WIEMARRERE ML
(%8E) - AMEREREZE (2015b) BERNAMAY (BREREREER  BE KL FEHE) =i
A FREREFEENRE (N8 2825 20, ) RE—ERERRENES ; ERN2001FH TEGE
B REREEHTAR  CURBANTE  MRBLERTORERBRE - Wit " BRRERESH
MEERAMDALUREREE R ABRMEARSBEENAER  FNACEREZERBE W, " H#E STEM &

=~
Bl °

RXHABHAR  BEBRUFHRENTSERHELHN "222E | REXENER  RAERESE HME
RENMSTEAMBBIKER - REMBREAN T2 AHE  MAIBKBENERS W - hHLT2ENE+E
TM2BRB "+ BT ERNBEELNRATERASTEM MBMKEENEE] - BB L - £ (ENEMHE
BEWIRE (N—E2FK) ) (REBRFES - 2016¢c) PRTEZISTEM EERXMER LRI - BHH
LRI EZTIESI ERANAEANA STEM HBEFIRHATESTEMBEFHNAR - EEFEBNEER
RN E AR A BN ? EERHE - AR ERAAEETER - N8 - ZRE2R—EARRE
ARAFN - BEEMMNBRRRSESFE— TR KKERF T ?

SEER
EBRFRATEIRET (2015) © 2015 FHBERE) - 8B htto//www.policyaddress.gov.hk/2015/chi/p150.html
EESRITHIEBUGT (2016) : 2016 EHEERE) & B http//www.policyaddress.gov.hk/2016/chi/pdf/PA2016.pdf
EBFEREET (2015a) ¢ (HEESTEM HE - BBAISBEMEY - B3 htto//www.edb.gov.hk/attachment/tc/
curriculum-development/renewal [STEM/STEM%200verview_c.pdf
EEFERRES (2015b) 1 (BRFEFERH + BE R - HESE) - 8 htp//www.edb.gov.hk/attachment/
tc/curriculum-development/renewal/Overview_c_2015Dec.pdf
EBRRRERS (2015¢) 1 ( FEMHBBLE HHER (N—ZFFH) ) » BB htpd/www.edb.gov.hk/attachment/
tc/curriculum-development/renewal/AE/brief_AE%20KLA_C.pdf
HEEMARE (2015) : (BN "T+=A ., HEEZEFAEEXBENLIENERERR (BRERR) ) - BE
http://www.moe.gov.cn/srcsite/A16/s3342/201509/t20150907_206045.html
HE M AR5 (BR2EMARANREEREZE LEMNER) » & B http//newsxinhuanet.com/
politics/2015-09/28/c_1116700414.htm
Boughton, D. (2000). The shaping of visual arts in education. In B. Moon, M. Ben-Peretz, & S. Brown (Eds.), Rout/edge
international companion to education (pp.956-969). London, New York: Routledge.
Corbin, B. (2008). Unleashing the potential of the teenage brain. Thousand Oaks, CA: Corwin Press.
Cultural Learning Alliance (2014). STEM + ARTS = STEAM. Retrieved from https://www.culturallearningal liance.org.uk/
images/uploads/STEAM_report.pdf
Eger, JM. (2015). Recognizing mode! STEAM programs in K-12 education. Retrieved from https://ace-notebook.com/
Recognizing-model-steam-programs-in-k-12-education-innovation-steam-grant-awards-november-2015-free-related-pdf.
html
Eisner, EW. (1972). Educating artistic vision. NY: MacMillan.
Eisner, EW. (1993). Forms of understanding and the future of educational research. Facational Research, 22(7), 5-11.
Gardner, H. (1989). Zero-based arts education: An introduction to arts propel. Studies in Art Education, 30(2):71-83.
Gazzaniga, M.S. (1967). The split brain in man. Scientific American, 217(2), 24-29.
Hardiman, M., Magsamen, S., McKhann, G, & Eilber, J. (2009). Neuro-education: Learning, arts, and the brain. Retrieved from
http://www.giarts.org/sites/defaul t/files/Neuroeducation_Learning-Arts-and-the-Brain.pdf
Jon, JE., & Chung, H.l. (2015). From STEM to STEAM. In B. Freeman, S. Marginson, & R. Tytler (Eds.), 7he age of STEM
(pp.33-46). NY: Routledge.
Marginson, S., Tytler, R, Freeman, B., and Roberts, K. (2013). STEM- Country comparisons. Report for the Australian Council
of Learned Academies. Retrieved from https://www.acola.org.au/PDF/SAFO2Consultants/SAFO2_STEM_%20FINAL.pdf
Read, H. (1958). Eaucation through art (3rd ed.). London: Faber & Faber.
Sinay, E., & Jaipal-Jamani, K. (2016). Toronto District Schoo! Board" s K-12 professional learning strategy: Incorporating
the arts into STEM. Retrieved from http://www.tdsb.on.ca/Portals/research/docs/reports/STEAMFactSheet.pdf
Sperry, RW. (1961). Cerebral Organization and Behavior: The split brain behaves in many respects |ike two separate brains,
providing new research possibilities. Science, 733(3466), 1749 - 1757. doi:10.1126/science.133.3466.1749. PMID
17829720
Sperry, RW. (1968). Hemisphere deconnection and unity in conscious awareness. American Psychologist, 23(10), 723-733.
Trotter, R.J. (1976). The other hemisphere. Science News, 709(14), 218-223.
US. Department of Education, Office of Innovation and Improvement. (2016). STEM 2026: A Vision for Innovation in STEM
Ealucation. Retrieved from https//innovationed.gov/files/2016/09/AIR-STEM2026_Report_2016.pdf

45




STEMHE—KIZHAIE R

L

h

l\-/‘r—ﬁB
a
% N

STEMBETERNREBHIRE HEEREREE

518

R RAREREBIER L - 5EMES REANUMEDEINAE TIFEHEEISTEMH
B, R FBEIMIPRS - AN AF [ N B HEITSTEMB B RIRLIF—2 - ZEY
MBI B ARNEME - FRTTERA—1K - Pl2 - FNAENFEAREIERE - #REHK
STEMERIN B MR E - EHEMER N & MEMLUER S N R K ASTEAM, W2 E
ARRIEEUR - BAIXEIDBHARBLEANRS - CBERNEREBS HER - B - B
FIFHDE AT EMAI B B RAISTEAMBE B A REA R AR RN EMFINT - RHEENR
& BEEERELMESRSTEAMEE -

EXENBERBEERN K - STEMEBAEXE T EARI - ZEERAFTHEFENR 2012682
A LTRABENAARSZREZD - RAREHEFNROEN - < STEMEES A IES IR
FEERMIERRIETHET - AN - BEEFRENEE - HHFREERNEEN - EH
T—8  MUXBESFLUERLN - DZEIBAIR ~ NERHEITSTEMBENARRHEIE -
SIEEEEAXBEERAZTNMELER - —EUAMECEHNEE - BESTEMEERER
B HRE - %%EE%EE?E%@%ﬁﬂ%%ﬁ{mﬁﬁ%ﬁﬁgﬁﬁﬁé o ELAR—PTE AR R ERK
BEENPEFEEEASTEMRENETHERARE  CEMNNEREXEIBIEE &
RERIAE - B —FTEER -

BT ETTEREMBOEARENT ~/NE » HARHBATREHESISTEMA B RIERIR
REEMFADZEMAERNIER - £+ -EBNFEUE—SHHMNERDHERFRZ
R EHEISTEMBE B OB FER - RISTEME B N2 ERIRIERE - Ry —FRZAM -
TEBRIEREY - HERE - HMFEDAIME AT ERESSTEMZBZAER — 20
MURABRER - RETBESRRE » 512560 EHER - BBERBES - B8 2%
EMAERMPIEBSTEMBEFTENNAR - EEMMREENTTE  EHRERTR
RIERT  RBERERET—0 - FTHER - FRART  RBEFMETHE - "B
FREFAE - NBZAERFE ) - RELERNIENRERR -

|

46



SiESTEAMSRIZEAE) FMSTEAMBIEIZR BEADIR
[

FNE | SESTEAMERIZEAE)F

{STEAMRIBIZRET#DER

B ZEMEASE TRABESR HEM - 5

= 2=
=I5

EN 1068 ESHERNERREBLBRE - BET ARLELERR—ENES - 113
RARHIES - HEMN1097ERY TART N ERRBRER NG, - BAFTARKEHE
BNE—ERREAE IS LRBE A BEFEREN  BENF—ERR T RERERS
0 S SHHER R RABS RN - 1182001 E 86 - REH2003F98 2RHE
BEREWT  HeBESMRA TREMED T EEREANE, 2R AEEEEREA
BEER - BB  BEEARHETUMAL NG R 246F - LA B REERER
B o 201 ERERTERATRAS + —EAREAKE - M BTBRERESE "+
CARREAKEEIE, - BE20145881 BREEN - HX T AH6-3-384 —
BERRE - R NE—BIRHTZY > MRERERDNENE D REESELSD

RERAME  RHELRREE  MEF—SEELENE - @l £+ ERMRRE
BRRWBBBET - FEA2008F T NERRBRERIEHE « 2011 EHEHIEI+— FE%
SRRRESERSEREES | 013ERY T+ FEAREALERERARES, i
DTRBIHE T2 - BRABEATHEN107:32ME - KNS B A8 T ERERNE
TRE  BESEE  MBIAES o BRIRARFIENE - 551 08ETEE - MK
BHOAEREEEESLEST (HAiEnR ) SAFeM  LNEssnE B
B SRS AL o

FBRRREER  RAZEEREZBZLEEANER  &REABRERLBREE - BHEIR
ASSTEAME B EE M » =R 48 2|t pSTEAMIE SN E M ? B ESTEAMRI A B8 0 A
fA] ? BRANARETFZ iRE ©

8~ HEMEREERIZRIUAE

Y REEaER  BRETNE  RELCERRLEBAREE  AEHMRAREEREE
NRAZISFEE - RRORBHARE  DUAET_FRREARHF (HBH  2014) &b
REAERBEEENMARREFREMEEFRNASE B OREE - (REERKSEE (H
BES - 2014) - RTYMEZRBERORE  ZENESEFNRABBRERENARAR BBIL - TR
BESHETHE - LSS REABETENERORERR

47




ST

EMHEE —I2RIE B

TFEREALUERE - KRERETED /A ERELLGTRERE - AIERERE—R
g EREEFR  NERERER/BERE - MaRPEERMERRURNFARLER - 52
A—RAE EXNENEBENE=E RETRRAEHERRYRE - LT EERSEERE
AEMRR  BRP NERFTRERENSERE - RPSERRD BRI VERE - BE
iz BRERHREGEEEERE - AEME @ T - FHAREAAETRESRED /B~ &
2 1Hg - BARE - B - KReED Bl BEEES/\KES - SELESFARARE - I
ANEHBERIMEN - LS A BRERBESHEREREN TR

F=— | RBERER B ERELE
A B4 N e
== 92k 5 = B 21 7 ES e Y= N R
BB FiR @ Zti\iﬁé;j( / i e = R B2 (] s RH% aezs
HERE
1-2 [ ) [ ) — o SRR — o
RE/N& 3-4 [ [ [ [ ([ ] [ [ ([ — [
5-6 [ ] [ ] [ ([ [ o [ o — ([
BEpE 7-9 o — o (] (] ([ ) ([ [ ([ o
([
AR EER | 10-12 (] — 20 @ (] [ ] ( J o o o
()

BERBEHERR (2014)

48

2\ EESTEAMERIZES
BRPNENF—ERRMAEN 2001 FEERNE—FHFIAEN  RRAREX B2 it
2 BREAERE  BITRAY « 4458  REREETAES - HRRBIEASEEE
HERNEEBBWEET » TLIRRAEIRRES  HERE RSN, ZES (17
BB RERSZEEE > 1996) » LIAHRRS| SR SN BN ETY  HEERNAE > I
PEL RN BRI EEER -

BAF—EREHC - BIasRE BRELTERINBHABSTEMFRAETN - 2L ~ £¥5
ERRHETREBRS - £+ - FHIERE - HBENRERRE B BARRE BRI BZEIL AR

£ - POATERESRENRH, - R R/NE1-2FERNEARI BN E « BT RGEEEDE
HREERR  RER/NEI-6FRFAMBARERE - AR EEHD  BR/NERABRAES
BH2 8, - BRPERIGFAXREBHLEERE » @RPED  BREERMTEENFRARSEE
Mm2016F2 AN+ ZFRREAHUEREMNE (BRP/NEBLEL SRPEER-BHLESE )
TRHZ A STEAMRE R HEEN « "REECHERNTERATHZ B2 g -
MrEEIRETERBE - RERRABCER - WEBRBEENHRIENR » E—FKRSTEM
B SHEEZEISTEAM (Science, Technology, Engineering, Arts, and Mathematics) ° | (S| BHE
#8 0 2016) Btk > AITERINR - RARHTRME MR » RHEAEEEE R ARKRZESTEAMBE SR
BHBEBERSN -

i<



=& STEAMSRIZEAS) FMSTEAMBI BIZR B 4DIF

i
% SHBIRESTEAMRIZZRNS
SR

L R B e B

1-2 4 £SERRE (6)' —
HER/NE 3-4 4 3 —

5-6 4 3 —
BEHEZ 7-9 4 3 2

B AR 2 10-12 4 4 RATER B (4)°

=
1. HER/NE 12 EREANEZ2HELS « BITRAATEE - RRNELERE (6 249 ) it -
2. AR SR EER D AUERNEEIER » BHOREER  AREBHOFLIHRAROEZZSEETZ
3. RSB BRI AR A TR EE A RS RE 2 R L H 425

(1) FREEREEE | AHBE ~ £AFERE » KB HPRMAEGSASRTEER I ZERREELESE

ERIERERS o

(2) BHLEE | ATERE « BRI -
E2 \ S STEAMSERZE
ERBITHE D » FEXRERUERNBETHR  FEASELIRY  RAHBMLERAZRRE
FELIREARE - AJRERAE LRRERE N TIERE - ER B L BU/NHAIHN—R# A 298
RaLE  HERASEHES  BRBAIRKSS « LB EH % TR/ N EERRHE
MERE - MAERELD  AEZFEERNENZLFEEERFBAMASNRNE » B IFTHRECEIE
HMERFEATFHMRRAN - BERAFERITEMBITHIREI S « IBEMHBEETREE) (2
BERE ~ 2SR - 2009) - BEEHMEEREARTRESRE BRAVMBABAN - BABRERS
DEBERTEE  RLEZEHEHEMKBHREETORRE » DIEGERETETREZE (4 15&
£ 2007 ; BRAEERS  ZKEE 0 2009) o

h ~ STEAMBEBUEREERI R E SRR

RYBREESTEAVAE @ FRBRRABEECESTEAMBEER B CRR - SEBUTEEKET
REMHEEBERIEE O - AFMR2016ERBRIFTEERBE - AR 2R ARE
B EMRHERARER ~ B RREFEARBLEY SEE —RERAREMRERRFTEMBREBRF
MAEK-128BERITH - ZERHEREKEMBEERSE T ZIRFEIENSTEAMBRIZIEE) » 4AFab Truck
SDFIENREEH B ESE  MERBLEMABARNEMEREREET  EHMEEEX
BREHEEME  INREERBETMEEE KSTEAMEMEE - ESTEAMERERRRT
H - RHERARREBEETE « BB L XEREZEESHAE AR BEREN - ERERRESR
REED  BEBRBEARSEA  LANASERERE - XAESX  BFRITEREPOLFAXA
5 BRE BNEEEE -

BRY EEHEITIESTEAVE B BEREMBEEREIKES - B EHRBIHE LIS « BIFKR
RE - #X8%  FES RNERSEGESSDFMSTEAMNERZE - UTEURAERERKRME
HERBEBNT

— BRETESN

REBEEREMABBRMABEAER - B EERRGESI ERER 2L HEAERR
BRAEME - (FRAREE - AARBRFR  MERKE  FHA » BEES - HEIKRES
MHRAH2BEETETNHEIRECRME - (FRATEREBMEILRE - RNEEETK 8

49




50

STEMHE—KIZHAIE R

BN RBERAIHIRERRE  SRMBRARN TR
"Ry oy T, TS TATL 0 TEY
Tt ~ T2, ~ T4, EN\ERRSINERE
HREMIEDemoE ; HE ORI P~ ERE
HENDERE - HERINLEGSEESE
"Ry oy T, TS TATL 0 TEY

Tge , ~ T, ~ T4, \BEEEME  LAH

Ml o HERRERAETAHIEANKRE O e e Ri N
E‘%E/_\Eﬁiﬁﬁﬂngéﬁﬂﬁ? ’ {%ﬁ%&%gﬁgﬁ@ﬁ/ﬂ _ . ﬁ*ﬁl—;ﬁ}jﬁ . h‘ttp;//campus_chinatimes_com/
E o (BEBEM : http://smartcity.org.tw/hackathon/) ADISIEZI RS a-2ER el

7

BEELESBAGE
EEI#BABERNGOMASB > KUREREELURRERRERNEBARBTES
=TT T T el HF BRI ES) AWRO B BB AU 55 14
, PRARE  FLLAFTC HA R ARER
IRHOCS BIFRHER ABIEHRE (KEHR) ©
LURHOCST S @+ EEMRFHETE B A iREVIK
WEEA > PRFEABBFERRA B
FEHRBERERBBA  FEREEERT
BRIREAETS - Tl MR IEIRE RS
BT 2EEEZEHEBEERE - 2X

B = : ERHR : httos//iytimg.com/vi/lI8GIOT3BF4/ RESSHEAISULMERR - (BEE
maxresdefault.jog

o ||

#9 : http://www.era.org.tw/main/)

= NER MBI ERERE

SENF I RERSE RIEREBRRRR - ERBAFIET  UBMERELRE  BEE
LENBRIMHRBENRN - BERNFEEABENE - LAEE - BHETEMEROE
F9 10 A HERESUE & E LR SR L
ERTEMSRE  LUABRSENMEAIE
B BEAMA  F—RBBEBMLFTARF
RrfE6.5/NEERFIRA - RIGTKEREBR
B TEEMHRIREMRYE  T2AR
SR KR BER R85 BR
F o HR@mBRERTERR26%2620 - B
REZRAEE - EmBASHERTER
B E TR T O REHRE B TR
A MRMEEEER - (EER © htto// BI= : ERIEE ¢ htto/;www.ncree.orglideers/2016/
Albums/Day204Testing/index.html#1

www.ncree.org/ideers/2016/)



=& STEAMSRIZEAS) FMSTEAMBI BIZR B 4DIF

VEBRIBImIRRE |
$ﬁ%$%$@%amﬂ%%§%$ '
& E2016E TR T  HEENE
B E B IR B R T A
8 SERREEE  TLELER S
BTRSME  SHHEEE B
HERANEALEE o 2016 HER
85 BRER EREERENRE &
EEEREWEED  HEREEDE
BEADE (BEAEH) REAS—
5 (FREEEEE)  wERSED W — _
AERBIER SRR - (EE D SR bilweninatimescoealtime

#8 : http://www.ytlee.org.tw/)

 ~ PowerTech BOFERHZBIERE

AHFERBZEMBAAZHPENTRERE I HEESER17E - BARFAEFMSTEAM
BEEENHGELE 2BZ2LBAFIAENELEAE & - EFERNIRMm > mIEE
KBRS BT A MM BRI —FﬁFEﬂL‘ﬁ%ﬁ% CHONE - RBESRE - AiEM
 HEUFRE R BB F MM E T - AAREWHAERE  RIFR « STEAMRIE RIE 1 B
CHEBERREES - RBBRER ?&Eﬂﬁ&%‘xﬁ%ﬁ FHBBEL G RBENRERZEIR
BARE  HEMWEARNEERERDHEFMEEE « MHERs - AR > ARBEEZERNE
STEAMBIEZ BRI N B R Bae ) - BHEUEL AR T G2 (Art) » AXRIABIFMSTEMEE 1B
BH o GEEBH : httpy//[twpowertech.com/)

mE Db SR

e

 BRRR | BT EER
7~ S

DT Em L5 & SEARAR ~ m LERE ~ TR ~ ERAIE ~ AXEM - JilsR0AE
REEMFIER  Fadtfai Tk e

51




BEAR

TR

fEmEl=

AN

Bl xYa)

GiEEH

RIS

e

67-98 °

52

BRRERD « MR (2009) o 3

STEMHE—KIZHAIE R

ERERE
REH

EEREE R S
FEHE

mRBEE
BRI E
=
1

==
==0

= 3w
& ol

anp O

N

AH:
=a~F

N

2|

i

HR2EERE
MmE

AE2ENKR
AR RERRR A

REHRE K
AT B s
=\ HENER
GEI LIS

®

EBREB KM
gl NREE
R RMREE -
A R AR Bl i 48 B
LY ERE e

HEH

o

A8 B

US S

&=

L Ed]
HBAGDE

BABRT &

Gil=

KBS E
%’Eéﬁﬁﬁ
i

SRS
HAlB AR

AEREBRRRN
%#ﬁﬁ#%ﬁ

NEBEEEH -
ERIEESBE
EHNAXRER
HEE

EERNIEINEE
RESHE B
EWULEANTG
=

=

SEFHEVNFEREEBAERRE - BRAR—EER
ERERZZEHER12F - RERBMIZZEDER  MOEHE - BELRENEE @ BED
MABELBSRERERE - DENEREFREEL AV EHEARREEREEE, - HER
ERAHT AR - WHEZ HSTEAMAREEHK B 2 B AL o AR » EEHRE B

REMERKSTIRENITHREFSTARR 2845
HSTEAMERE » EARAESEISTEAMGR RN ZA 1T T RN E FMSTEAMELE S5 -

ITHR#HAERNEEZEES (1996) - AENEMEERERESE -
HEHEL (2014) - T _FHREAUTREME - B4 (|MhR) °
#ER (2016) - +-FRARENHEFHE —BRPINBEZBEESHPEER— KA -

REAEE  REETERLF—ERENRBELZE - WHARKET  66(3)

S (2007) - BRFNERF-EREEREN AT - hHEHE » 58(4) » 48-71 -

MERE

LRER B
%ﬁﬂ%ﬁ%%ﬁ

MEHE R R
IR o L
HEHE

EYEINEEE
BEH2B8E

TRAREES
BBy BE
LCIE O RREd
RN&EL

ek

EEETFMSTEAMRBHS S 85

=i
B RBIFRE

KEBEBRRME -
2hEsa88E
STEAM JR I8 2 18
=i

REEHREEBE
B % .z STEAM [&
HE

BERBEZIT
. 2BESEEH
HREETHAE

H A STEAM [ 3B
SERHREIEE ©

58 5 B BX STEAM
BEIRVETE

= 1L STEAM # &
HEERK R W
SRR

& ¢

AaE

&t THR#RE -

LA
A

PowerTech
BLERE
BERRE

B)F/ERAE ~ BIE
R~ E R
I~ TR ~ 3
R AR
®ET o BEBFM
STEAM &

sz B S i E B 4
e YR EIVAD S
R o Boe R B M
JRIEB I AL

T B RIAAEE
AL > AIFES
BETRAE

RIRBEN AT
Bl tHBER
&t HERWER

BFRIFERRIL
T I AIFER
HTRAISHRE;
gz EHRBBER

TRBERRER
L ARG 2
Z TAEREE » W
BARREE - Li5e
S BE

AaEARE

IMFRNEEHABTRRSEER -

R EDER D A Bk

B LHEDBTMSTEAMREATBERERZENE - ALAKER SHERRNHBES - 1£

EHE - SRER A SBEERIIBT



Exploring Elementary Level STEM Education in the United States
u

Chapter 10 . Exploring Elementary Level

(=) " STEMEducation in the United States

Carole K. Lee, Susan Nicholson-Dykstra,
*ﬁg . University of Maine at Farmington, USA

AN BEBSTEMA BN BT » AAESTEMZE B B AFTH A2 B ERE2ENGSS (Next Generation Science
Standards) » LURAIAIEMASTEMATE SN T RENER « /RE—F THXBISTEMEBENERIEN » AX
R Y MM AN AHESTEME B S ERE B o ER—UZENLIEE & (guided questions) » 5| Z¥E2
A BENRZRENRE o 5—UHAID Zal(@E —ERHARE » FHBZR (scaffolding) » XEE2
ABEAH - BEAMBRER  KNREKGEMN c ELSTEMES » NMERBEAKBERENT
TRHYEBYME (scientific and engineering practices) » T BB AEHEEI2 1 THACELRE (215 century skills) » Z03EH
M BAE (critical thinking) » B3 (creativity) Eﬁfﬁiﬁ (communication) 2 {EBEST (collaboration) AYZE
& - AL RS TE R B TSTEMEA B FTE £ APk S -

Carole's Observations:

"Recently | went to the NSTA (National Science Teachers Association) conference in Los Angeles; it was amazing
to see that approximately 80-90% of the seminars or workshops were related to STEM education. When | had the
opportunity to talk to some of the school teachers, they were all excited about STEM and wondered how it could
be aligned into the NGSS and implemented in classrooms. Apart from having an expanded acronym, STEAM, formed,
where the letter "A" stands for Art, STREAM has also been invented, where the letter "R" stands for reading. Wow!

STEM is integrated not only in Science but into Language Arts as well. STEM is almost EVERYWHERE!

In a separate incident, | visited a friend in Los Angeles. Our conversation was mainly about STEM education. She
is thinking of sending her 4-year old son to a STEAM school where a STEAM curriculum has been implemented. So,

what is STEM and why has it become a fad? What does a STEM or STEAM curriculum look |ike?"

INTRODUCTION

From the above two anecdotes, we can see STEM (Science, Technology, Engineering and Mathematics) education has
become a current trend not only in the teaching of science but in other disciplines as well. As teaching isanart, it is
not asurprise to see STEM education being done in multiple ways. The ways that STEM can be introduced effectively
depend greatly on the skills and disposition of the teachers. In this chapter, we are using a case study approach
and an interview to provide a glimpse of how STEM education is being implemented in two different elementary
classroom settings in Maine, United States (US), and the associated challenges that teachers may encounter. One
common thread across the two classroom contexts is the emphasis on process and pedagogy. In our examples, STEM
is used as a tool by two teachers to guide students to develop the scientific and engineering skills which lead to the
development of 21 century skills: critical thinking, creativity, communication and collaboration (Framework for
21%Century Learning, 2007). Thus, STEM education is used as a means to learn scientific and engineering processes

as well as science knowledge.
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Development of science education in the United States and

its leading to NGSS and STEM

In 1996, the National Science Education Standards (NRC, 1996) were published; their goal was to
attain scientific literacy for all students. Its overview was as follows : "Everyone needs to be able to
engage intelligently in public discourse and debate about important issues that involve science and
technology. And everyone deserves to share in the excitement and personal fulfilment that can come
from understanding and learning about the natural world" (p.1). It also emphasized that the US needed
to create "scientifically and technical ly literate work forces" (p.1) in order to keep pace with the global
markets. A "hands-on" and "minds-on" experience of learning science was emphasized, along with the

dictum that "learning science is something that students do, not something that is done to them" (p.2).

Further national reports such as Rising Above the Gathering Storm (NAS, 2007) noted that the US had
low student achievement levels in international studies such as TIMSS (Trend in Mathematics and
Science Studies) and PISA (Programme for International Student Assessment). The low achievement of
US students, as compared with peers in other countries, in science and technology may impact the United
States' position in the global economy. The reports recommmended that to strengthen America's technical
workforce, an increase in the preparation and professional development of STEM teachers and students
was critical. In the years 2011-2013, the National Research Council issued reports characterizing
successful STEM schools and identifying indicators of progress in STEM education, which promoted
STEM education significantly (NRC, 2011). When the Next Generation Science Standards (NGSS Lead
States, 2013) appeared in 2013, not only did "Engineering and Technology" appear as one of the
disciplinary core ideas, but the new Framework and Standards included the engineering component with
the science practices, as "Scientific and Engineering practices". Subsequently, STEM education became

a trend and spread rapidly all over the world.

Understanding the "E" - Engineering in STEM
In the US, improvement in science, mathematics and technology education has always been a top
priority for the advancement of the economy and the US political power. It is not uncommon to find that
science, mathematics and technology are |inked together. But how about the letter "E", Engineering, in
the acronym STEM? The new shift of NMGSS focuses on the acquisition of science knowledge as well
as scientific and engineering practices in the understanding of the practical aspects and applications
of science in our daily lives. Below is a list of the eight practices stated in Science Framework (NRC,
2012) and NGSS

- Asking questions (for science) and defining problems (for engineering)

- Developing and using models

- Planning and carrying out investigations

- Analysing and interpreting data
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+ Using mathematics and computational thinking
- Constructing explanations (for science) and designing solutions (for engineering)
- Engaging in argument from evidence

- Obtaining, evaluating, and communicating information

If we look closely, the scientific practices are similar to the scientific methods and inquiry-based
science learning and teaching that are mentioned in the National Science Education Standards (NRC,
1996). Basical ly, students will perform an experiment or activity which can be initiated by teachers or
students. Scientific process skills will develop in students as they observe, collect and analyse data,
explain results, and draw conclusions based on evidence. The part that is new to most teachers is the
word Engineering. As described on TeachEngineering (2017), a robust database of resources to teach
engineering concept, engineers are persons who "apply their in-depth understanding of scientific and
mathematical subjects to design and create devices, structures and systems that improve our lives" . Under
the Scientific and Engineering Practices in the NGSS, the engineering processes are well-defined as
defining problems and designing solutions. So, engineers are people who use their expertise in the field
to help the society to solve authentic problems that may improve people's daily lives. Their solutions
can be the invention or building of an actual product or the development of feasible methods for solving

problems.

Case Studies of STEM Education at Elementary Level

in the United States

In order to understand how STEM education especially engineering is done in the elementary level,
we observed two fourth grade elementary teachers, Mrs. Darling and Mr. Ingwersen, to see how they

implemented the engineering practices in their classrooms.

During our study of Mr. Ingwersen's lesson, we focus on his dialogue with students as he guides them
to think about and decide on what materials are good for building the blades of a windmill, and the
follow-up discussion of the activity. A lot of collaboration and communication occurred among the
students themselves and between Mr. Ingwersen and the students. In our observation of Mrs. Darling's
|lessons, we focus on how she scaffolds students' knowledge in each of her lessons so as to allow them
to use the knowledge learned to build a novel product, solar cup. Together, both teachers employ various
teaching pedagogies to cater to students' differences, to engage them in the process of learning science,
and to make science relevant to their lives. During the engineering design process, the two teachers
provided students with an authentic situation. They stated the problems and constraints of the design,
and allowed students to make use of their experiences and knowledge to explore, plan, and develop their

own solutions based on the engineering design process described in the NGSS.
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i) Case study A: Mr. Ingwersen's Windmi |l Design Challenge
Background of the teacher. Mrr. Ingwersen had retired after a few years of teaching but was hired again as a

STEM coordinator. The school provided him with a lab for STEM education.

The observation was done on the last lesson of the Energy unit. The 4™ grade students had already |earned
about windmills. They had read the book 7he Boy who Harnessed the Wind (Kamkwamba & Mealere, 2012),
which is a true story describing a boy who lived in Africa and invented a windmill bringing electricity and
running water to his village. When the lesson began, Mr. Ingwersen asked students to come forward and sit

on arug. Then he asked students some questions.

T (Teacher): After reading the book 7he Boy who Harnessed the Wind, how are you going to make a windmill
which can turn a motor and |ift the weights? (Pause) I' || give you some time to talk with your partners and

ook at what you have written in your science journal.

The students discussed their designs. After some time, Mr. Ingwersen continued asking questions.

T: What did you hear from your partner? What properties of the blade do you predict will be important for a
windmill?

S (Student): the angle

S (another): the strength

T: Can someone clarify what it is meant by the angle and strength?

(Many responses came from students. Some students were whispering to their neighbors.)

S: The blades are angled or tilted.

S (another): Paper may flop over . ..

S (another): Tin foil may be good . .. not too heavy . .. not too strong

T: Good! Tin foil is stiff and light.

S: But tin foil may lose shape. Paper is better.

T: Are you telling us that paper is better?

(The conversations continued for a while.)

T: So, what material would you use to make the wind blades? Do you agree that stiffness and weight are
important? Let's talk for a minute.

(The students continued with the discussion.)

Finally, the students concluded that the making of the wind blade depended on the type of materials, size,
shape, angles and the number of blades. Mr. Ingwersen asked students to draw the design of the wind blades
in their science journals. At the same time, they had to label their designs and list the materials used to build
the wind blades (Figure 1). Students shared their ideas and communicated with their classmates explaining
to one another why they thought their design would work best. When the students had finished, Mr. Ingwersen

encouraged the students to build the wind blades and put them on a milk carton base that was already built.
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The students were provided with different materials: writing papers, construction papers, popsicle sticks, coffee
stirrers, fuzzy sticks etc. When the students finished constructing the wind blades, they poked the wind blades
onto a spherical foam ball that was adhered to the milk carton base. The students were excited with their designs
(Figure 2) and walked proudly to a fan to try out their design. Their challenge was to | ift as many washers (placed
inasmall paper cup) as possible when the wind blades were rotating. The students tested, improved and retested

their designs several times, challenging themselves to have the windmill to lift as many washers as possible.

During the last 15 minutes of the lesson, Mr. Ingwersen asked the students to gather again on the rug and asked:
T: What parts of your design worked wel|?

T: What parts of your design did not work wel |?

T: Did your windmill lift any weights? How many?

T: How could you improve your wind blade design?

Throughout the lesson, the students were engaged and enthusiastic in sharing their designs and ideas with their
classmates. Mr. Ingwersen guided students to think about their process of designing the wind blades. He drew a
simplified "Engineering Design Process Model" on the board (Figure 3) and related that the work the students
had done to that of an engineer. A team of engineers has to go through the process of design-test-redesign-retest
before finalizing their product. He reinforced the science concept of energy transform by quoting the boy in the
story who harnessed the wind to transform wind energy to mechanical energy which finally produces electricity.
This tied in with the NGSSDisciplinary Core |dea of Energy (NVGSS, 4-PS3.B: Conservation of Energy and Energy
Transfer, and Crosscutting Concepts of Energy and Matter). In this lesson, Mr. Ingwersen illustrated the energy

transfer by asking students to build a windmill to show the transformation of wind energy to mechanical energy.

Figure 1: Students' design for making the wind blades
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Figure 2: A windmill built by a group of students

What is (are)
the
/ problem(s)
Design-Test- Ways to solve the
Redesign-Retest < > problem(s)

Figure 3: Engineering Design Process Model simplified by Mr. Ingwersen

ii) Case study B: Mrs. Darling's Solar Cup Design Challenge

Background of the teacher:Mrs. Darling has worked as a regular elementary teacher for over 30 years. She teaches
Language arts, Mathematics, Science and Social Studies. She usually devotes the first half of the semester to
teaching Science and the latter half to Social Studies.

Lesson: The science lesson was conducted every day for 45 minutes. Mrs. Darling's ten lessons (Table 1) are

described sequential ly but gaps may occur as the author could not observe some of the lessons.
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Table 1: 4" Grade Lesson Observation

Scientific & Engineering

Lesson Topic Description Learning Goals Practices
, - Sun is the ultimate
Mrs, Darling read The Important Book source of energy that
(Brown, 1999) to the students and i S heat and
talked about What /s the Sun and ?lr gr\mltl €5 us with heat an
what does it do? Then, she focused - Different types of - Observation of
the lesson on thermometers. She thermometers are used thermometers
What is a showed students different types for different purposes - Students were asked to
1 of thermometers such as clinical, ) purp -
thermometer? oven. meat cooking. wall. laborator Thermometers have construct explanations of
thermometers etc g’both digital andy different temperature why there were different
analog, She asked students to think ranges depending on the types of thermometers
about: What do | notice about the . L,\J/Slagf h ters h
thermometer? How are they alike? How | o5 ?m?ognﬁ eri ave
are they different? WO Scales: Fanrennelt
and Celsius
The whole class was doing an Obtaining atnd
activity on What will happen to go]crnmurltl_ca It?gt
What is the | the thermometer if we place one ”,: (érm? 'gn be \%een
difference thermometer in a black pouch and 3-“ ents auring the
between another in a white pouch? Before the - Black materials are good | | S,'[SEUSS,('O”S de educated
black and activity, the teacher asked students absorbers of heat uaen sbmfaore ?h ucate
2 white to consider which color pouch would - Most winter clothes gg?_sst?[s etore the
materials get the thermometer to record a higher are of darker color than . St 'dv' }[/ collected and
irtm) the f temperauére (Figure 4). Students needed |  summer clothes rego;?dnecsi dataeinethei?
apsorption of | to write down: - -
light? | used to think . . . (before the activity) _ science journals
and But now [ think . . . (after the Students formulated an
activity) e expéanatlon based on
' evidence
Before the class, Mrs. Darling asked
students to search on the internet or
go to the library to find out about the
work of engineers. SheI also igvittlekd an Work of '
engineer to come to class and talk to | - Work of an engineer . - -
students. She provided students with a | + Authentic experience of Ajgé??oggetﬁ:tggﬁggms
What isan | Worksheet and asked them to circle the | understanding the work \?\/ere interested in
3 engineer? kinds of work that engineers do. Then of an engineer . Researching information
9 : she asked students in groups of two * Understand more about on the inte?n et and in
to read some trade books that were the solar energy and the books
related with solar energy. Before the transformation of energy
end of the lesson, the students shared
with their classmates the information
that they found interesting in the
books.
- Making educated guesses
This lesson was on insulation. Mrs. as to which materials
Darling asked students to wrap an ice are good insulators
cube in diff}er(lent ma]cterliakl)s, such as : De\(/jelloping and uiinﬁ
newspaper, felt, tin foil, batting etc. to | . - models to test whicl
see which material is best to keep the Understanding the materials are good
ice cube from meltin concept of insulation insulators
What keeps h g . * Understanding the . . -
4 the ice from e asked students to write down: oroperties of matter - Planning and carrying
- | predict that will work the - - out investigations
melting? b S different materials have | . .
est. ‘ different insulatin [lustration of an
| predict that ___ will work the roperties 9 engineering design
worst, prop 1o test the properties

Students had to weigh the ice cube
before they wrapped it and 20 minutes
after the ice cube had been wrapped.

materials

- Constructing explanations

based on the data
collected
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Where is the
best place to
put the solar

Mrs. Darling discussed with the class
which place around the school building
was the best place to put the solar
cup by referring to an activity done on
recording the temperature at different
locations around the school campus.
However, students recorded different

- Errors in collecting data

due to bias, incorrect
reading, accuracy of the

- Investigating which
place is best to put the

5 | cup? temperatures at the same location. instruments etc. solar cu
What time Mrs. Darling led a discussion on * Understanding of the . Comm r? catin
of day is the | the recording and treatment of data. variation of temperatures inf Ut-' g
coldest? Also, she used an activity from the throughout the course of Information

Assessment Probe (Keeley & Tugel, a day
2009), asking students to predict
what time of day was the coldest
and supported their arguments with
evidence.
Mrs. Darling asked students to design - Students work as an
their own solar cups (Figure 5) based engineer would in
Design of a on what they learned from the previous | - Insulating materials developing a plan and
6 solar cu activities - insulating properties of - Reflecting materials designing a solar cup
P materials. Students had to draw their + Use of thermometers - Students justify their
designs and write: | think my design claim that their design
will work because ... works best
Thle studenti coQtinue bhui lding htheidr
solar cups. As the weather on that day
S%ggtgngfbad was extremely cold and windy, the - Learn about the "good" . Communicating with
7 the sun (solar students were unable to put the solar and "bad" effects of the one another
radiation) cup outside for testing. Mrs. Darling sun
then used the lesson to talk about the
"good" and "bad" effects of the sun.
Mrs. Darling began the lesson by
reading a book Why do | get sunburn * Understand the cause of
(Royston, 2003) to reinforce the sunburn and the harmful
harmful effects of the Sun that were UV rays on the body if it
taught in the previous lesson. Students is exposed for a lengthy
What makes provided numerous daily examples period of time
UV beads of how they protected themselves * Discuss how we can ' .

8 (See Intemet from harmful UV rays, such as by protect ourselves from - Discussion and
Resource) using sunscreen lotion and wearing sunburn such as by using Communication
chanae color? sunglasses and hats. The teacher talked sunscreen lotion, wearing

9 " | about the function of melanin in human sunglasses and hats

skin. After the discussion, the teacher - Relate science to our
provided students with UV beads and daily lives
asked them to suggest places to put - Use of UV beads to
the beads so that they would change detect UV light
color.
The students worked further on their

Putting a design of the solar cups. They inserted

therrqnom(leter aH ’thehrmonp]eter| and putha pieceTﬁf :

in the solar ershey chocolate in the cup. Then the | | - . - -

9 cup and students put the solar cup in a box Design Process Planning and Designing
placing the (Figure 65) and were ready to place
cup in a box | the solar cups outside if the weather

permitted,
The solar cups had been tested last
! weekHA claslf céiscuflsioréwaﬁ held o eall th
ow to on what worked well and what went . - Discuss critically the

10 | improve the | wrong with the design of the solar \I;\(laealrln aan%o%h\g/thﬂég\égrﬁg design and what needs
design of a | cups. After the discussion, the teacher be improved to be improved
solar cup? asked the students: What is your "aha" P - Argument with evidence

moment? Do you want to change your
design? What is/are the reason(s)?
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Figure 4: Comparing the absorption of Figure 5: A drawing of the Figure 6: Completion of the
heat by inserting a thermometer in a design of a solar cup to design with the solar cup
white pouch and black pouch separately melt Hershey chocolate seated in a box

Elementary Teacher Interview: Perspectives of STEM Elementary Education

Two elementary teachers were interviewed about their perspectives on and experiences with implementing
STEM curricula into the elementary classroom. Interviewees included Mr. Ingwersen (mentioned above) and
Ms. Thompson, a retired elementary teacher and past President of the Maine Science Teachers Association. The

following are summaries of their responses to the interview questions.

i) How should STEM education be carried out in school? What classroom instructions and activities enhance STEM
teaching and learning?
Both teachers emphasized that teaching of science should be aligned not only with the NGSS, but with the Common
Core Standards of English Language Arts and Mathematics. In the NGSS, both the Language Arts and Mathematics
standards that are connected for the science topic are clearly stated. Hence, while teaching science, teachers
can fulfil the Language and Mathematics standards at the same time. They emphasized that teachers need to be
explicit in pointing out to students what the crosscutting concepts are and to supplement the science activities
with reading and writing. They also mention that during the lesson, teachers should allow sufficient time for
students to plan and discuss with their classmates. Students should be taught to be open-minded and listen
to others' opinions. Both teachers mention argumentation is important in the design and redesign process, and
students need to have evidence to support their arguments. They consider guiding questions are important as they

stimulate students to think about and to corroborate their ideas.

ii) What are the challenges and benefits of STEM education?

Both teachers expressed that the biggest challenge was the insufficient amount of time for science teaching in the
classroom and that too much classroom teaching time is spent on Language Arts, Mathematics and preparation for state
tests. Mr. Ingwersen pointed out that classroom teachers are so busy with the Common Core that they have no time to
think about the new science standards. Ms. Thompson said that school administrators are essential to lead and build
the science culture in the school to enhance students' learning of science. They should have a clear plan of how the
curricula can be integrated and discussed it openly with the teachers. Moreover, school districts and administrators

should provide support for professional development for those teachers who are willing to take the lead.
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Both teachers reinforced that STEM education would help students understand more about science and to be able
to make informed decisions on issues such as health and energy. In the long run, the increased emphasis of STEM
education means that in the future there will hopeful ly be enough people to fill the jobs in the field of engineering
and science; this is not the case now in the US. Another challenge that the teachers mentioned is that elementary
teachers feel uncomfortable teaching science as they feel inadequate in their science knowledge. According to Ms.
Thompson, elementary teachers can learn the science concepts while teaching as there are numerous online seminars
and webinars provided for elementary teachers. Also, there are a lot of teaching resources available on the internet.
Both feel that the scientific and engineering practices are of equal importance to the science knowledge. Hence,
elementary students should be confident with themselves if they are willing to learn and participate in the STEM
education. She further stated that science activities are engaging and can capture students' attention and interest. In

this way, disciplinary problems in the classrooms sometimes can be avoided.

iii) How can teachers cater to individual differences (academic abilities, language abilities, physical challenges)
when teaching STEM education?

Both interviewees think that STEM education can surely cater to individual differences. During the design

process, students need to think, research, read, write, draw, and plan. Therefore, various types of skills are needed.

It is different from traditional classroom teaching which focuses heavily on writing. In the engineering design

process, students also need to talk about their designs and share with their team members. STEM education

caters to diverse skills, such as communicating, creating, designing, drawing and building. Therefore, various

abilities can be developed as some students may be gifted in drawing or speaking rather than writing.

iv) What professional development or support do elementary teachers need?

Both teachers stated that for every education reform, providing professional development for teachers is very
important so that they have the skills, background knowledge and confidence to lead the reform effort. However,
little attention has been given to the need for STEM teacher preparation, particularly at the elementary level.
Both teachers suggested that elementary teachers should attend seminars or workshops provided by universities
or science organizations such as the National Science Teachers Association and Maine Science Teachers
Association. It would be a great advantage if schools could have a STEM coordinator who could help other

teachers improve their science knowledge and STEM teaching pedagogy.

Discussion
Based on the classroom observations and the teacher interviews, we have identified several essential

components of effective STEM integration at the elementary levels.

i) Collaborative and Interactive Learning

In the lesson observations, the two teachers are very enthusiastic about teaching science. Their activities are
adapted from the book £ngineering is Elementary: Engineering and Technology Lessons for Children (Engineering
is Elementary, 2017). Instead of giving students direct instructions, both teachers allow time for students to

discuss, share and create their own designs. Students work collaboratively constructing their own knowledge and
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listening to feedback from their classmates. This is essential to let students feel they have the ownership of learning.
ii) Integration with other subjects

Most elementary teachers need to teach several subjects, for example, language arts, mathematics, science and
social science. The advantage is that they have the opportunities to integrate STEM with other disciplines. Research
skills like collection of information from internet or books or by interviews can be easily integrated at the initial
stage of the design process. The integration of various learning skills has been illustrated in Mrs. Darling's teaching.
Students can present their initial plans through writing or drawing. It can be done either by pencils and papers or
by technological graphic tools. Thus STEM education can act as a tool to foster all the skills that the teachers want

to develop in their students.

iii) Questioning Techniques

The two classroom teachers always begin an activity by asking students questions. The teachers allow students to
make an educated guess based on their experience or the data they have recorded. There are many "Why" questions,
e.g., Why do you use this?or Why do you think this works? Teachers also asked students for alternative solutions, e.g.,
What happens if you change. .. to...7or What would you do to make the winamill /it more weights? or open-ended

questions |ike How are you going to improve your design after hearing the comments by your classmates?

iv) Scaffolding of students' knowledge

Scaffolding of knowledge was exhibited throughout Mrs. Darling's lessons. She started her Energy unit with the
Sun, which is the ultimate source of energy. Then she asked students to investigate various types of thermometers
as students would use thermometers frequently in the unit. There were two occasions in which Mrs. Darling built
upon the previous knowledge of students. Instead of telling students where to put the solar cup, she asked students
to "check it out" and reference their science journals. Two weeks previously the students had an activity in which
they recorded the temperature at various locations around the school building. She discussed the data with students;
then they had to figure out whether the place having the highest temperature recorded was the best spot to put the
solar cup. The next step was the determination of which material was best to wrap around the solar cup. Materials
like batting, felt, tin foil, newspaper etc. had been tested in a previous activity. Hence, instead of the teacher telling
students which insulating materials to choose, students made their own decisions based on the data recorded in
their previous experiment. This simulates the work of an engineer who often needs to solve problems through his

own investigations and experiments.

v) Using books and other sources of information

Both teachers ask students to read books about how people around the world use science and engineering to solve
problems, and how their self-designed products are used in the real world. Mrs. Darling asked students to read Lerato
Cooks Up a Plan (Higgins, 2011) which describes the use of green engineering to build a solar oven. Mr. Ingwersen
asked students to read the book 7he Boy Who Harnessed the Wind(Kamkwamba & Mealere, 2012) which illustrates

the invention of a windmill. This is a good way to use the informational books to teach science.
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vi) Encouraging students to think and work independently

Mrs. Darling and Mr. Ingwersen create a safe learning environment in which students can voice their opinions freely
and participate actively in discussions and arguments with their classmates and teachers. During the construction of
the solar cup, Mrs. Darling always referred her students as engineers. She said, " You are the engineers. Engineers need
to think creatively, solve problems, and build things. Hence, you need to think about what materials you should use
and how you can improve your solar cup to melt the chocolate faster.” Therefore, the students were very confident
in working on their designs and felt proud when they presented their products during the Show and TelI* time. As for
Mr. Ingwersen, he encouraged the students to think about how they could improve their design without comparing
the students' designs as to which one would be better than the others. Both teachers guided the students to think and
work on their design but they did not tell the students to do it in a specific way. Hence, the students were motivated

and excited when they build the final products as they own the design through collaboration and communication.

*Show and Tell—Teachers use some of the lesson time to allow students present to their classmates things

that they want to share. It can be an object brought from home or something that the students have made.

vii) Professional Development of teachers

STEM education websites and teaching resources are flourishing and can be easily found on the internet. Though
teachers can access all the available teaching resources, their challenges are to know when the best time is
to apply STEM in their teaching and how this can be done effectively in the classroom. As it has been pointed
out by the interviewees that elementary teachers are not very strong in the science knowledge, professional
development by universities or science organizations should contribute their effort in helping teachers to
understand the rationales behind the STEM education. Teachers can also form cohorts to support one another in

exploring the STEM activities and teaching.

viii) Community Support

One of the ultimate goals of STEM education is to provide a competent force for the STEM careers. This isa long-
term process where concerted efforts are to be put together including the higher education and the government.
The government should provide extra funding for STEM education. Science educators working in colleges should
start thinking about the development of STEM education programs for the pre-service teachers and how the 4Cs
(collaboration, critical thinking, creativity, communication) of the 21 century can be developed effectively in
the classroom setting. To broaden students' knowledge of application of STEM, community support is necessary
to allow students to see some daily application of STEM in daily lives. Visits such as power plant, paper mills,

factories and the |ike should be encouraged.

Conclusion

Though STEM education started earlier in the US as compared with other countries, there is still not a clear
and distinct program for how STEM education should be carried out in schools (Bybee, 2013). Although not the
focus of this study, in many schools, technology is addressed through robots, ipads, and other electronic devices.
We believe that technology could have a much broader focus. Many of the commmercial electronic products are

expensive and may not be affordable for some schools. We wish teachers would think about technology in a
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broader sense. Technology is any tool that can solve a problem. Equal emphasis should be placed on the scientific

and engineering practices as well as the science knowledge. As always, with a paradigm shift, the most important
element in the education reform is the teachers. Research shows that STEM skills are rapidly developed in practicing
teachers (e.g. Avery & Reeve, 2013, Capobianco & Rupp, 2014, Roehrig, Moore, Wang, & Park, 2012). However, very
little research is done on how to prepare pre-service teachers for STEM-infused classrooms (Rinke, Gladstone-Brown,
Kinlaw, & Cappiello, 2016). Final ly, we hope that STEM education is practiced not only at the K-12 level but at the
college level as well. Students and col lege graduates should not only be wel l-equipped and competent to enter STEM
careers, but should also be able to make intelligent and informed decisions on the many scientific and technological

societal issues they will face for the betterment of the future.
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Introduction

Nearly a decade ago, the National Science Board (National Science Board, 2007, 2010) and the President's Council
of Advisors on Science and Technology (Executive Office of the President, 2010) reported on the critical importance
of improving K-12 STEM education and investing in development of a STEM pipeline. Their reports were a response
to declining performance of American students on global science and mathematics achievement exams coupled with
decreasing numbers of students pursuing STEM careers, projected shortages in STEM-trained workers, and achievement
and interest gaps among underrepresented students in STEM. Although STEM was already a growing focus in education,
these reports spurred nation-wide initiatives to kick-start funding and implementation of K-12 STEM programs,

igniting the STEM revolution across the United States.

Schools, districts and government agencies began developing innovative models for STEM programs and curricula,
resulting in an explosion in the number of STEM-focused schools in the US, and mainstreaming STEM within
many learning communities. The National Research Council developed guidelines for evaluating STEM models
(2011; 2013) and a number of researchers have aimed to investigate and compare the impact of different models on
various student outcomes (Scott, 2012; Chiu, 2015). Not endeavoring to repeat this work, this chapter instead provides
afocusedreview of a secondary STEM program, and commmunicates a teacher-researcher's perspectives and experiences
regarding the school's transformation from a high-needs, low-performing school to a globally-recognized model for

STEM excellence.

Context

Established in 1965, the high school in this study is the oldest flagship secondary school within the fifth-largest
district in Colorado, and has a rich history of excellence in academics, athletics and music performance. Between
2000 and 2010, the school underwent a transition from being an esteemed high school with high enrollment and
rigorous academics to a low-performing, high-needs school with low enrollment, and low graduation rates. By 2009,

student performance on standardized state tests was consistently so low (less than 20% proficiency in math, and less
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than 30% in science and writing) that the school was at risk of being closed and reorganized by the state department of

education (Colorado Department of Education, 2013). In addition to changes in student achievement, the school also
experienced a shift in student diversity. The population of families in the community transitioned from wel |-resourced,
middle-income families, to under-resourced, lower-income families and by 2010, more than 30% of students at the
school qualified for Free and Reduced Lunch (FRL), an indication of increased student financial need. At the same time,
the school experienced a shift in ethnic diversity; by 2010, more than 60% of students were Latino or Hispanic, and
nearly 25% were English Language Learners (ELLs). As the school adjusted to changing student needs, it also faced
pressures at both the community and district levels. Staffing reductions due to district budget cuts reduced the number
of support personnel in schools and adversely affected staff morale. Coupled with a wave of gang-violence in the local
community and a record-number of student suspensions in the school, these changes led to safety concerns which came
to ahead during a district meeting in which parents requested redrawing school boundaries to have their children attend
different schools. The school needed a strategy to better support its diverse student population, to ensure resources for

under-resourced families, to improve community perceptions, and to recover and rebound to its previous legacy.

Within the same district, a pilot STEM primary school was blossoming with success, and district administration were
looking ahead to where these STEM primary students would continue their studies as no STEM-focused programs
existed in any of the district high schools. With the national push for STEM education beginning to take stride, the
district made the decision to establish a STEM-focused program at the school in order to help innovate and reinvigorate

the school, while also solving the problem of continued STEM education for the STEM primary students.

Pedagogical Shift for School-Wide STEM Focus

In order to develop a vision for what a "STEM-focused high school" could be, a team of administrators and teachers
collaborated with teams from across the globe to explore and investigate STEM models as part of a Strategic Planning
Institute at the Smithsonian Education Center (Smithsonian Science Education Center, 2017). Combining the Strategic
Planning Team's recommendations with the school district's STEM Model (Adams 12 Five Star Schools, 2012), the
school's faculty and staff adopted a plan to incorporate four pedagogical tenets across all content areas including:
Problem-Based Learning; Inquiry-Based Learning; a focus on 215 Century Skills; and inclusion of Transdisciplinary

Learning.

Problem-Based Learning (PBL) is a pedagogical approach in which students are challenged with developing a
novel solution to an authentic, ill-defined/open-ended problem that drives student learning through the process of
investigating and resolving the problem (Torp & Sage, 2002; Larmer, 2014; McConnell, 2016). As part of the school
district's STEM model, students present their solution to an authentic audience (Mergendoller & Larmer, 2015; Adams
12 Five Star Schools, 2012). Because the PBL process involves innovation, design and development of novel ideas and
products, teachers often incorporate Design Thinking (Stanford D.school, 2017a, 2017b) and the Engineering Design

Process (TeachEngineering.org, 201 7; Boston Museum of Science, 2017) to scaffold students' problem-solving process.

Inquiry-Based Learning is a constructivist methodology in which students develop questions to guide their own
investigation and exploration in order to develop skills, knowledge or dispositions. Emphasis is placed on the learning
process, and the level of student autonomy and independence can be varied in order to scaffold and influence the

direction of the learning pathway (Prince & Felder, 2006; Lee, 2012).
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21 Century Skills are the skills students need to "thrive as tomorrow's |leaders, workers, and citizens" and "succeed in
today's globally and digitally interconnected world" (P21 Partnership for 215 Century Learning, 2007; Fullan, 2013).
|dentified based on input from both employers and colleges, these skills have been distilled down to the 4 C's, including
communication, collaboration, critical thinking, and creativity. More recently, these were expanded to the 6 C's to include

citizenship and character (Fullan, 2013).

Transdisciplinary Learning incorporates perspectives of different disciplines and challenges students to use different
lenses for evaluating problems. For example, students may be asked to consider the cultural, social, political, economic,
historical, scientific or environmental aspects or concerns related to a problem (Northglenn HS STEM, 2017). A
transdisciplinary approach provides real-world engagement and relevant context for learning experiences (Adams 12 Five

Star Schools, 2012).

In alignment with these pedagogical shifts, the school adopted new national standards for STEM including the Next
Generation Science Standards (NGSS) (NGSS Lead States, 2013), the International Society for Technology in Education
Student Standards (ISTE) (2007, 2016), and the Common Core Student Standards for Math and English/Language Arts

(National Governor's Association, 2010), which serve as the springboard for shaping learning outcomes and experiences.

First Step of STEM Transition: Implementation of Problem-Based Learning
Experiences

The first stage of the school' s transition to a STEM-focused community involved building capacity for rigorous learning
by providing experiential training and professional development for all teachers around planning and implementing
Problem-Based Learning experiences. The school established an expectation that each teacher would design and
incorporate at least one PBL experience each year. Through purposeful planning, a PBL experience can provide a platform

for incorporating the other three pedagogical tenets.

The heart of PBL involves the use of an authentic, real-world problem as the starting point for learning, which provides
a springboard for inquiry-guided learning. |n essence, the PBL process is inverted in sequence from traditional projects
where students have already learned the content and are then asked to apply their understanding to solving a problem
or develop a product. The PBL problem provides students with a need-to-know, and teachers provide the framework and
scaffolding to help students navigate the problem-solving process, identify the information and skills they will need to
learn in order to address the problem, and test/evaluate their solution. When planning for the PBL experience, teachers
have freedom to determine the level of student autonomy in shaping the learning experiences and direction of research
and investigation. While teachers can deftly plan learning experiences that will help students to develop the skills and
content understanding necessary to successfully address the guiding problem, the learning should be, at least in part,

student-directed and student-initiated.

During PBL, students often work in teams, and each member may adopt a role or responsibility that contributes to the

team's overall learning and success, forcing students to practice cooperating and collaborating with peers in order to be
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successful. The culminating component of the PBL experience is the presentation of student solutions to an

authentic audience who will interact with students and provide feedback about their solutions and process.
Student solutions can take on many forms and be presented using a broad assortment of presentation media
and formats. Providing opportunities for students to interact with and share their ideas with community
members both legitimizes their work and raises the level of accountability, each of which, anecdotally
and observationally, contributes to increased student engagement. PBL emphasizes creative innovation,
critical thinking, collaboration and communication, which provides students with an authentic environment
for practicing and honing their 21°* century skills. Additionally, teachers can incorporate transdisciplinary
learning, both through design of the problem chal lenge and constraints, as wel | as through development of team
member roles. Transdisciplinary lenses push students to research contextual issues and explore perspectives

from other fields and content areas in order to prioritize and develop informed, responsible solutions.

PBL Example: Utilizing PBL to Engage Underrepresented Students with STEM

As part of the school's STEM transition, the science department adopted a new sequence of courses,
transitioning to physics as the introductory science course for 9" grade students, and al lowing students to then
chart their own pathway and select their remaining science courses. Students also had the option to apply
to take engineering and biomedical science course pathways. Members of the science department observed
that, although enrollment by gender and ethnicity in the 9" grade physics course represented the overall
enrollIment of the school, only 8% of students enrolled in the advanced placement physics course (AP Physics 2)
were female, whereas 89% of students enrolled in the introductory biomedical science course were female;
moreover, the majority of students enrolled in advanced physical science courses were Caucasian. Course
enrolIment data indicated that, when students self-selected their science courses, female students elected
for life science courses, whereas male students elected for physical science courses; although the majority of
students in the school were Latino/Hispanic, only a smal | number of these students were enrol ling in advanced

physical science courses.

In order to address this gap in interest of underrepresented students, especially girls, in physical science,
the school's physics teacher team developed a PBL that incorporated biomedical science, with the goal of
increasing student awareness of cross-curricular STEM careers and ways that both |ife and physical science can
be used to help others. Physics students were challenged with designing, building and testing an affordable
prosthetic limb for a specific client chosen from a selection of clients designed by the teachers to represent
real people with specific needs and social/societal constraints. Although development of a prosthetic is a
common project for physics courses and extracurricular STEM competitions, the students were tasked with
addressing the problems of affordability of personalized prosthetics, accessibility and sustainability of

materials, and social impact of prosthetics in different societies (Donnelly, J, et al., 2014).

One of the first stages of the physics team's PBL planning process involved identification of content standards
that would be explored through the project, including mechanics topics of forces, work and energy. Accordingly,
in planning the PBL as a unit of study, the teachers incorporated some traditional physics labs (e.g., types of

forces, torques, kinetic and potential energy, work and mechanical advantage), and also incorporated additional
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learning experiences such as a reverse engineering lab and an engineering
design challenge based on animating a 2D finger model. Some learning
experiences were developed exclusively to support specific roles within
the team, and still others were optional, but available for teams that
wanted to explore specific concepts or topics (Table 1). Table 1 shows

the learning experiences in which students engaged. These activities

were relevant to a variety of STEM roles such as innovation/design,
biomedical careers, forensics, and engineering. Because students had

varied levels of research and professional presenting experience, the

physics teachers also provided scaffolding for the research experience, Figure 1 : Example of
2-Dimensional Student
modeling how to evaluate sources, and supplying a graphic organizer Prosthesis Design

to help students document their literature review findings. They also provided opportunities for students to

practice their presentations and get peer feedback prior to presenting their final projects.

During the Prosthetic Limb PBL, students integrated empathy-based design into design briefs, created 2D and
3D design plans for their prototypes (Figure 1), learned how to use power tools to build their own prosthetics
out of affordable, often up-cycled materials (Figure 2), and used decision matrices (see Table 1) for utilizing
constraints to improve their designs. By incorporating design thinking, the design process, and authentic
engineering tools and terminology into the PBL experience, students gain authentic exposure to STEM careers
and jobresponsibilities. Additionally, by purposefully incorporating time for students to build, test andrevise
designs and prototypes, students gain experience in and comfort with navigating and learning from ideas that
did not work as intended. The teachers explicitly addressed design failures as a natural part of the learning
process and as opportunities for problem-solving to develop improvements as opposed to perceiving failures

as looming defeats and endpoints.

As part of the PBL planning process, the physics teachers brainstormed different teamroles and responsibilities
that could be incorporated into the team structure. Possible roles for the prosthetic PBL include:
- Biomedical Engineer - Research and test joins, animate |imb components, and design devices to aid in
physical motion
 Physical Therapist or Medical Professional - Research how to comfortably fit prosthetics to specific
patients and provide training on prosthesis use
- Materials Scientist - Research and test different materials for use indifferent components of the prosthetics
- Environmental Scientist - Investigate material accessibility and sustainability for use within a specific
region or country
- Marketing Professional - Research competition, monitor budget and pricing considerations, and develop a
marketing campaign for expanding production of the design
- Physicist - Research and provide guidance regarding the forces and torques involved inoptimal ly controlling

prosthesis motion
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Table 1: Sample Learning Activities Incorporated into Affordable Prosthetic PBL

PBL Learning Experiences

Description

Introduction to Problem/
Engage Activity

Students were introduced to the PBL through guest a speaker, an engineering student
who designed a prosthetic arm for his brother, who had lost his arm in an explosion
before their family emigrated from Afghanistan to the U.S.Students learned about his
design process, including the extensive costs associated with building a personalized,
fully animated robotic arm for individuals who have suffered an amputation.

Mobility Challenge (Empathy
Experience)

Student hands were taped to modify hand shape and/or motion of specific digits.
Students were then challenged to participate in their normal daily activity and/or
specific challenges, then debriefed the experience by discussing obstacles, hardships,
frustration and surprises. Two goals of this experience included student empathy
for injuries causing limited mobility and to build student awareness of anatomical
components involved in controlling specific types of motions and motions needed to
accomplish common tasks.

Anatomy in Clay Model of
Forearm

Students built the muscles, tendons and ligaments of the human hand onto a stationary
model using clay. While building models, students learned and kinesthetically
demonstrated anatomical names and biomechanical terms (e.g., abduction, adduction,
flexion, extension).

Reverse Engineering Lab

Students reverse engineer (dissected) a product or tool in order to isolate its parts
and identify how each component contributed to the overall product/function. For the
Prosthetic PBL, students reverse engineered grabber tools and grabber toys purchased
from a dollar store, and identified similarities between the components/motion and the
parts/biomechanics of the human hand.

Forces & Torques Labs

Students engaged in inquiry-guided labs to explore the concepts of forces and torques,
using analog spring scales and digital sensors to measure forces, variables affecting
forces, torques and acceleration, and the relationship between location of force
application and type of motion (linear vs. rotational).

Energy/Simple Machines
Labs

Students engaged in inquiry-guided labs to explore the concepts of energy, work, power
and the use of simple machines to alter force magnitude and direction of motion.

2D Animated Finger Design

Using 2-dimensional finger bone puzzles from the Anatomy in Clay Center, students
identified the correct pieces that represent the distal, middle and proximal phalanx,
carpal and metacarpal bones in a single finger, and assembled them into the correct
sequence, justifying their selection based on constraints and control of motion. Students
then traced bone pieces onto a material of their choice, then built and animated a 2D
finger model that could flex and extend.

Axes of Rotation/Joint Sort

Photo sort activity coupled with 3D joint samples challenged students to investigate
and classify joints, mechanical models, anatomical examples and real-world examples of
different joints. Students are then challenged to identify the roles/purposes of different
types of joints in controlling motion.

Empathy-Based Design
Challenge

Students participated in a design challenge to learn about the Stanford Design Process,
whose first step is to "Empathize". As part of the activity, students researched,
interviewed and sought information from individuals affected by a problem in order to
better define the problem they are trying to solve (D.School, (n.d.)).

Design Brief

Teams collaborated to write a Design Brief in which they define and describe the
design challenge, including the client, audience, constraints, and design goals to help
shape their research and design plan (Writing a Design Brief, 2016).

Decision Matrix

Teams or specific team members utilized a Decision Matrix as a decision-making tool
for comparing and contrasting design options, materials and processes based on the
design constraints and goals outlined in the Design Brief (Sciencebuddies.org, (n.d.))

Prototype MakerSpace Build
and Test

Students used upcycled materials and tools (saws, drills, hammers, 3D printers) to build
3-dimensional, functional prototypes of their prosthesis designs.Teams also tested
their prototypes using specific motion challenges (turn doorknob, open bottle, pick up
nail, lift a bucket) in order evaluate prototype functionality and identify problems with
prototype design, then used testing results and observations to revise their design and
prototype.

Marketing Tool Design

Teams or specific team members designed a product marketing tool (eg, website, digital
app, pamphlet, audio/video/print commercial) to communicate information about teams
product, design process, design decisions, cost/affordability, and marketing/distribution
plan).
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Because the teachers aimed to have teams composed of four students, they
selected four of these roles which students would take on for the duration of
the project. By incorporating STEM professional roles and responsibilities
into the PBL team dynamic, each student has the opportunity to contribute
unigue information to improve their solution or design, gain exposure to
other STEM careers, and students obtain insight into how different types of

STEM professionals collaborate to achieve a common goal.

One unigue component of the Prosthetic Limb PBL was the role of a

community partner in supporting student learning. Community partnerships

. . . ) ) Figure 2: A female student uses
play a significant role in PBL experiences through a variety of different a jigsaw to cut parts of her

contributions including: authentic problems or challenges for students to prosthesis prototype
address; volunteers/experts who might serve as mentors during the PBL experience or as evaluators of student
solutions; resources, tools or funding to support learning experiences; and opportunities for students to learn
about STEM careers related to their PBL through job-shadows, interviews, or internships. For the Affordable
Prosthetic Limb PBL, the physics teachers partnered with a local organization, the Anatomy in Clay Center,
which provided both training around and use of models that allowed students to learn about the anatomy and the
biomechanics of the human hand through kinesthetic building of clay anatomy models (Anatomy in Clay Learning
Systems, 2011). Use of the clay models made learning accessible not only for traditional students, but also for
English Language Learners and students with special needs by serving as a hands-on, kinesthetic experience that
incorporated physical modeling of
motions to learn vocabulary and was
not dependent on student reading/
literacy proficiency; the hand model
lesson provided an anchor experience

that all students referred back to

throughout the remainder of the

) ) Figure 3: Students create clay models of the musculature of the human
project (Figure 3). hand using the Anatomy in Clay Learning System Forearm Model

The Anatomy in Clay Center supported the PBL not only through teacher training, and extended access to the
models and equipment, but also through provision of evaluators who contributed feedback on students' final
products and solutions, as well as staff who documented student progress throughout the project and assembled
a video to showcase the learning process (Donnelly et al., 2014; Anatomy in Clay Learning Systems, 2016).
Students were elated to be part of the filming process and reported that video documentation of their work
increased their sense of accomplishment and pride in their success. While recruiting volunteers to serve as
evaluators, commentators and feedback providers can be a challenge, it also affords an opportunity for schools
to connect with their community, to invite valuable stakeholders including parents, local businesses and

organizations, and government agencies, into the school and classroom.
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STEM Program: Other Initiatives

Although PBL has unquestionably played a significant role in the school's STEM initiative, it is just one component of
the school's STEM program. The school partnered with the Colorado Education Initiative to increase Advanced Placement
training for teachers and course offerings for students, and began offering Career and Technical Education (CTE) courses
in biomedical sciences and engineering using the Project Lead the Way curriculum. Additionally, students and faculty
expanded opportunities for STEM-related extracurricular activities. Notably, the school district made substantial
financial investments to ensure the STEM program was successful. The school's swimming pool and locker room spaces
were converted into a state-of-the art STEM facility with labs set up for engineering, fabrication, biomedical science,
and cyber-security. Funds were also invested in teacher training and professional development to ensure teachers had
the skills and knowledge to successfully implement PBL, AP and CTE coursework. The school created a new full-time
STEM coordinator position whose role is to support teachers in implementing PBL, and expanding STEM integration
across all content areas. The school also updated and expanded its technology resources for students and teachers by
increasing access to laptops, sensors, tablets, 3D printers and interactive whiteboards. Whi le the school district provided
the resources to renovate the learning environment and teacher preparation, it was the community as a whole (teachers,

students, parents, community partners) that ensured the STEM program succeeded.

What happens when you become STEM-focused?

In the seven years since the school adopted its STEM focus, the school has experienced a transformation in its culture
and climate. Teachers discovered that designing and implementing purposeful and intentional PBL experiences alone
fostered opportunities for inquiry-based learning, development of 215 Century Skills, and exploration of transdisciplinary
perspectives. Table 2 summarizes the physics teachers' anecdotal observations regarding the impact of PBL on teaching
and learning. While the teachers did not measure these outcomes, their observations corroborate other studies about
the impact of implementing PBL and other inquiry- and project-based learning experiences (Barell, 2010; 2012; Wilder,
2014; McConnell et al., 2016). Although data regarding student proficiency with content knowledge was not reported,
teacher observations do outline a broad array of gains related to PBL implementation which could be measured and further

investigated in future studies.

The school also began to see increases in student achievement. Graduation rates increased from below 70% in 2010
t0 83% in 2016, exceeding both the district and state average rates (Colorado Department of Education, 2017a).
Student enrollment exploded with an increase in the freshmen class from 441 in 2011 to 600 (with a waitlist for
enrollment) in 2014 (Gdowski, 2014). Student proficiencies on state assessments demonstrated three continuous
years of gains, putting the school on a growth trajectory for achieving "Performance School Status," the state's highest
performance designation (Colorado Department of Education, 2017b). It is not clear whether these gains are a result of
an increase in student achievement in all student groups or whether this is a selection effect due to the influx of higher
achieving students selecting into the school in order to participate in the STEM program. Teacher observations of the
impact on student achievement through the physics PBL (Table 2), which included all 9™ grade students in the school,
indicate that al | students benefit from PBL and inquiry-guided learning but it is not clear that this type of learning directly

correlates with increased content proficiency or higher achievement on state assessments.
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Table 2: Teacher-Observed Impact of PBL on Teaching and Learning

PBL Component

How was component
incorporated into PBL?

Teacher Observed Outcomes

Open-Ended
Learning
Exper ience

- Student choice (client,

design constraints,
research plan, design
solution, participation
in specific learning
experience options)

Shift from teacher-directed to student-guided learning
Shift in teacher role from expert to facilitator
Shift from content-mastery to skill-development and content application

Design Thinking &
Engineering Design
Process

- Empathy-focused/people-

centered design

+ Learning Product: Solution

to a problem

- Development of Design

Brief

+ Use of Decision Matrix
+ Design and testing of a

Listening to peers, clients in order to clarify and define problem (as
opposed to defining a problem based only on one  own perspective)
Increased student comfort with open-ended challenges

Increased student comfort with risk-taking

Student persistence in navigating and shift in student perspectives about
(learning from) failure

Student agency in actively helping themselves and their community
Student proficiency with power tools and professional building and
design tools

Exploration of engineering through authentic processes/tools (Design

Transdisciplinary
Perspectives

responsibilities
designed based on STEM
professionals

rototype ; o :
P ¥P Brief, Decision Matrix)
Adoption of entrepreneurial mindset for design
STEM career exploration and increased awareness of STEM professions
Team roles and Increased engagement when students choose a role they find interesting

Increased engagement when students allowed to pursue personal
interests, strengths and passions while applying these to a new context
Development of professional communication, collaboration, facilitation
and mediation skills in working with peers to address a challenge

Community
Partnerships /
Authentic Audience

- Authentic problems

proposed by partners

- Authentic audience/

evaluators

+ Professional mentors

provide feedback during
design process

+ Research experts that

students contact to inform
their work

- Students present

solutions/products to
evaluators from the
community

Development of professional communication and presentation skills
Greater accountability for engagement, participation and completion of
work in order to engage with evaluators

Students receive feedback from expert evaluators

Students network with evaluators/community members, potentially
leading to internship, job shadow or other career opportunities
Community members/evaluators learn about school's initiatives
Community members share experience with other members of their
networks, which increases community awareness of and participation in
school events

Community members feel vested in community, leading to investment of
other resources (expertise, funds, materials)

While longitudinal data demonstrates the school's achievement on state assessments is increasing, a study of
2015 graduates reveals that 61.9% of the school's college-bound students required remedial coursework, which
exceeded the state rate of 36.1%; moreover, this rate has not significantly changed from the 60.2% reported in
2013 (Reed, 2017). Data for the most recent graduating class is not yet available for comparison, but could provide
greater insight into the impact of the school's STEM focus on college readiness. Because the school's model for
STEM strongly emphasizes development of 21 century skills and college/career readiness, the data about student
need for remedial coursework brings to light several guestions. One might wonder if the school's broad emphasis on
engineering design, inquiry and problem-based learning through experience leads to a shallower level of specific
content mastery because more time is spent on the process rather than the content. Alternatively, one might argue
that through problem-based and inquiry-guided learning, students are being prepared for career readiness but not for
the traditional lecture-based, textbook-heavy coursework that many students will encounter upon entering college.
Ultimately, although the school still has room for improvement with regards to student proficiency and preparation
for college and careers, it is clear that it has already made significant strides to improve academic performance

and is on a trajectory for continued improvement.



The Case for STEM: Reinvigorating a High-Needs, Low-Performing High School

Beyond student achievement, the school has also seen an increase in student agency and improvement in community pride
and engagement. PBL provided a window for the community to observe all of the changes happening within the school
and provided opportunities for the community to actively contribute to those changes. As more community members and
parents began participating as PBL partners and guest evaluators, the school's network of resources expanded exponential ly
and each experience began to sow seeds for future opportunities including research partnerships, development of an
entrepreneurial training program for students, incorporation of an on-site college program that allows students to
complete an associate's degree during high school, internship opportunities, and business sponsorship of student projects,
competitions and conferences. In just seven years, the school has emerged as not only a local but a global model for STEM
education and serves as a lab school for educators to visit when designing their own STEM models. The school district's
successful model for K-12 STEM led to national recognition as the state's first member of Digital Promise's League of
Innovative Schools (Digital Promise, (n.d.)), and to development of the STEMInspired mode! for STEM integration (Adams
12 Five Star Schools, 2017). By developing and committing to a shared vision and goal for STEM education, the school

community realized their goals and renewed the legacy of their school and students.
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The Maryknol | Fathers' School (MFS) is well recognized in the field of STEM education in Hong Kong.
In fact, it has been awarded as the "Outstanding Science and Technology School" in Hong Kong for
four times. Among its students are sev— :
eral young scientists who won awards
in national and international science
contests. In the past several years,
four students from our school have
earned wor |d-renowned awards in Inter—
national Science and Engineering Fair
(ISEF), three of them won second award
and earned the naming of a minor planet

after them.

Figure 1: Outstanding Science and Technology School

81




82

STEMEE —iIEREIE R

Recently, MFS was invited by the Hong Kong Education Bureau to be a "Professional Development School".
Hence, we aim to share our experiences with and provide support to other schools in the development of
cross-curricular activities in STEM education in Hong Kong.

STEM education in MFS has the following three main features:

1."Science Research", a newly-established subject for junior form students;

2. Cross-curricular STEM activities for all students; and

3. Popular science for secondary and primary students.

1. Science Research
Science Research is a three-year elective subject for F.1 to F.3 students. Students interested in science and

those who want to strive for excellence and conduct research independently are suitable for this subject.

Interesting science topics constitute the main theme of this subject. Through this course, we aim to enhance

the students' critical thinking, problem-solving skills, and creativity.

Lesson activities include the following:
+ Experiments, demonstrations, hands on activities
- Perusing of science articles
- Report writing
* Presentations

+ Focus research

- Field trips or laboratory visits

Figure 2: Students performing experiments
during their Science Research class

The curriculum is divided into several sessions, and each session consists of several lessons concerning
a science topic. In each session, students will learn how to conduct scientific investigations, gain some
practical skills, and learn report writing. Each lesson is highly interactive and fosters collaboration among

students while incorporating student-teacher question-and-answer sessions.

Our school provides each student taking this subject with Microsoft Surface, a tablet computer. Students
can access the Internet by using the tablet during their lessons. Through this device, they can read updated
worksheets, search for information, generate notes, and record the results of experiments. Teachers can
distribute notes, worksheets, and assignments to students. In turn, students can submit their homework via

the software OneNote using the tablet.

Figure 3: Use of tablet in
Science Research class
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cience Research students must perform pre-lesson preparation. They are often required to finish some assignments
within the lesson, and a proposal or report is submitted after each session. During the lesson, students participate

in active discussions to plan for their experiments, share their ideas, or clarify some concepts.

Teachers undertake co-planning and pre-laboratory work for each session. In addition, our laboratory technicians

are extremely helpful in preparing the experiment materials for the lessons.

| Figure 4: Co-planning and
L pre-laboratory work for
Science Research teachers

2. Cross-curricular STEM activities
A cross-curriculum STEM activity in the junior form is one of the main features of the Science Education in

our school.

The aims of such activities include the following:
* to nurture the problem solving skills of students by allowing them to organize and apply the knowledge
they learned from different subjects; and

+ to enhance student interest in STEM-related issues.

Since 2011, our school has organized several cross-curriculum STEM activities. Some senior form students
plan and design the activities, which are usually held in the junior form classes. Occasional ly, the activities
were organized using a school-wide approach. |deas for the activities are mostly inspired by daily life
experiences or by some video clips. In developing an idea, senior form students would draft the worksheet,
plan the activity, and prepare all the materials required. Tasks in the cross-curriculum STEM activity are
closely related to the lessons they learned in regular classes. This approach can help them consolidate the

ideas and knowledge they acquired and help them apply such knowledge in solving different problems.

Cross-curriculum STEM activities are student-oriented. For example, senior form students act as the
designers and the organizers of the activity. They use their
experience to teach junior form students. Conversely, senior
form students can benefit from revising the materials they
learned and can enhance their self-confidence through

teaching and guiding their younger counterparts.

| i
Figure 5: Senior students presenting an activity

Inthis class, the teacher functions as a facilitator. Teachers
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need not teach the whole class. Their role is to modify the handout and the worksheet, provide technical

support, and ensure the efficient execution of the program.

Our school has organized several cross-curricular STEM activities held either in the OLE session or organized
in regular lessons with related subjects. Using the activity, "A Day as a Paleontologist", we shall illustrate

how such cross-curricular events are conducted.

The idea for this activity was generated by a group of students. They went to a museum featuring a dinosaur
discovered in Belgium. They participated in an activity about finding dinosaur bones similar to the work an
archaeologist performs. The students thought the activity extremely interesting, and as such, they raised the

idea and drafted a cross-curricular activity called "A Day as a Paleontologist."

This activity involves knowledge from four disciplines: Geography, Mathematics, Biology, and Computer
Literacy. The handouts are printed in four different colors, according to the different subjects mentioned.
Students must finish the tasks in each worksheet, and the worksheets are then collected by the subject

teachers for marking.

o 35 3 Palecn i
PU;-/_“\I mr%rr

Figure 6: Students as paleontologists Figure 7: Worksheet cover

The tasks for each subject are as follows:

(a) Geography - Drawing of sketch map based on the location of the dinosaur's bones;

(b) Mathematics - Using a tablet to measure the
circumstances of the dinosaur bone and estimate the
weight of dinosaur;

(c) Biology - Examining the dentition of the dinosaur and
subsequently predicting the nutrition mode and diet of
different dinosaurs; and

(d) Computer - Designing a program to calculate the

circumstance of the bone.

Figure 8: Senior student leading junior
students to solve the task
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In 2016, the first attempt of the above activity was held during regular lessons. A "double" lesson of 70
minutes was required to run the above activity. The second run of this activity was held during the OLE
session with 105 minutes. Note that the time arrangement depends on the ability of the students and the

teachers.

Based on the above cross-curricular STEM activities, students can utilize the knowledge they acquired in

individual subjects and integrate them in finishing the tasks in this activity.

Apart from "One Day as a Paleontologist", we also organized other cross-curricular activities such as

"Microscopic World", "Walking on Water", and "Air Swimmer".

3. Popular science
The concept of popular science reshapes the subject for a general audience. Our STEM teachers seek to
promote science through the simplest and the easiest way, that is, by focusing not only on the hierarchy of
science learning but also on imparting a joyful and rewarding experience to every student. The mission of the
school is to advance Popular Science in both our own primary school and also in our locality (starting from
where the school is situated in the Sham Shui Po area), in the hope of paving an easy path for our students as

they move on to our intensive science classes in their senior form.

Given the lack of nurturing self-motivation and meaningful learning experiences intedious individual subject
disciplines, our teachers proactively engage students with some direct instructions and with a series of
hands-on activities stemming from different areas in science, technology, engineering, and mathematics.
This learner-centered nature of the STEM approach of learning and instruction can serve small groups or
a large population of students. The unique feature of our STEM education is the collaborative learning of
the students under a handful of science activities with cross-curricular qualities on the existing education

system.

Popular Science in Primary Schools

In the last several years, around ten primary schools have successfully implemented our Popular Science
activities under a STEM approach. The primary schools provide specific slots for our teachers and wel |-trained
student ambassadors to spearhead the Popular Science activities. One of activities entails the construction
of a DIY microscope by using recycled plastic drinking bottles. Student ambassadors begin the activities
with a short briefing for groups of primary school participants, after which they provide close supervision on
the practical tasks. Participants might ask questions during the course of activities, such as why the plastic
cap of the bottle and a small round glass beans are being used. Support will be provided according to the
learning level of the students to promote active learning and with the aim of imparting a rewarding learning

experience for the participant.
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Figure 9: Primary school students engaged Figure 10: Active learning on
in Popular Science activities a science-themed event

Accordingly, ideas from science, technology, mathematics, and engineering can be incorporated in the
design of such activities without being overwhelmed in any of these subjects. This mode of learning through

activities is proven to be an efficient method of enhancing deep learning for primary school students.

Popular Science in Secondary Schools

In our practice, Popular Science in the secondary school

is typically derived from the existing knowledge of the M n

2,8,13,2

subject and appears to be more academic in nature. One

of our teachers adopted the STEM approach and developed

It;i,ﬂu\c !mt
Manganesefl| pr« ¢ i
of elements to junior secondary school students. This Earihmaver, R, Batery

a pack of "Cards of Elements" for conveying the world

‘! Waryinol Faters” Schodl

instrument has proven to be effective in stimulating the )
Figure 11: An example from the "Cards of

latter students' motivation for learning science. Moreover, Elements" for teaching and learning basic
] ) i chemistry

it serves as a good medium for teachers and students during

interactive learning inside and beyond the classroom. The cards are formulated in such a way that, with the
aid of information technology on the design stage, connections between various data can be easily grasped
and artistic icons can be used to facilitate effortless memorization. This tool aims to maximally increase
the retention of scientific knowledge and mathematical patterns and pave the way for the development of

higher order thinking skills.

Under the proper guidance or intervention of the subject teacher, students sort the cards by their frame color.
This exercise helps them collate elements with the same state of matter, resulting in three groups (solid,
liquid, and gas) that are categorized according to their state at room temperature and pressure. Accordingly,
students will recognize the existence of a liquid metal and a liquid non-metal in this world, such as mercury
and bromine, respectively. Furthermore, students might arrange the cards on the table according to one of the
data printed on the card. For example, they may organize them by the atomic number of elements, in ascending
order. Using the simplest technigue in mathematical calculations, students can further explore the recurring
patterns of the electronic arrangement of the elements. The cards would illustrate for the students why some
of the elements are grouped in the same row (period), and some are under the same column (group). Thus,

through this activity, they are able to grasp the full meaning of the concept of periodicity.
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Figure 12: Students from different secondary schools Figure 13: Teachers from Kazakhstan sharing their

learning from the playing cards after school hours experience in using the "Cards of Elements" for teaching
Chemistry and English (the latter being their third official
language).

In addition, students themselves can develop their own study schedule for chemistry and reinforce their
own learning experience at their convenience. They can also utilize this STEM teaching aid without causing
conflict with their teachers' preset schedule or interfering with the learning pace of the entire class,
especially inside the classroom in which a wide range of learning levels may be present. Depending upon
the learning objectives concerning different topics in chemistry, frequent use of this STEM teaching aid can
promote long-term memory retention, and the retrieval and transfer of knowledge from one discipline to

another.

School Facility

Aside from the teachers' team work, our school

also provides space for teachers and students Figure 14: STEM Workshop
who are devoted to making STEM contributions. Two workshops with a pantry, sofa, movable table, and basic
experiment equipment are available. Each provides a comfortable environment in which science lovers can

brainstorm, share information, conduct research, and experiment.

The workshop does not offer high-tech or expensive equipment as we expect students to solve their problems
with the tools commonly available to secondary students. Students are required to find solutions using their
creativity. However, whenever necessary, teachers will arrange for students to conduct their experiments in

auniversity or professional laboratory.

Summary
The MFS has earned its reputation in STEM education through a series of strategic planning by a group of
co-operative, supportive, and experienced teachers. Each team member has a strong vision for providing the

highest quality of education.

Our Science Research class assembles our teaching resources for the cultivation of future scientists during
their secondary schooling. Our auxiliary program of cross-curricular STEM activities aims to provide a
synergic effect on the teaching and Iearning of different subjects in our school for the future development
of the higher order thinking skills of students. The Popular Science promotion program acts as part of the
voluntary education within the Sham Shui Po District for the enhancement of local affiliations. As one of the
"Professional Development Schools" in the Education Bureau, MFS has given its utmost to provide a territory-

wide contribution for the Hong Kong education system.
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C hapter 17: STEM Education in our School
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Background

As EDB announced the availability of 100,000 dollars for each school to develop STEM in the academic
year 2016-17, we began to think of what our school needed and how we can provide such necessities. At
the time, we were unaware of what STEM was. Was it a new subject or a new teaching or learning approach?
We conducted a literature review to understand it better. The first clear information about STEM is from its
definition as "Science, Technology, Engineering, and Mathematics." Second, we explored the functions of
STEM in promoting the attitude and skills of students in accomplishing tasks. Third, we noted the various

STEM activities in the field that share core elements, such as task-based activities and problem solving.

We understood from our preliminary research that STEM is not a new subject. Rather, it is a subject that entails
subject integration for the purpose of accomplishing a task that promotes specific skills and mindsets. It
may be a new teaching concept and an approach that can attract students to actively engage in their learning.
All of the above characteristics are aligned with our school' s principles, and STEM has been given our full

support. So where should we start?

Prior to this process, we included similar content into the existing "Other Learning Experience" program.
After extensive discussion, our school decided to shift this content into the regular timetable. That action
confirmed our determination to develop STEM in our school curriculum. Next, 13 teachers were invited to
join the STEM team and were instructed to design 900 STEM lessons for Grades 1 to 6. These lessons must
involve over 10 projects, including the Floating Challenge, Marble Maze, Car Park Facilities Design, and
Hand Skeleton Simulation for the lower grade levels; Stable Sky Tower, and Ball Track System Design for the
middle grade level; and Throwing Machine, Vending Machine, Sliding Flight, and Hydraul ic-powered Arm for

the upper grade levels. Moreover, a Nerdy Derby Project was created to involve al | students from Grades 1 to 6.
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Curriculum Development

For curriculum development, we applied the Tyler Model (1940), which involves a cycle of determination

of our aims and objectives, content selection, implementation, and evaluation.

STEM education

Tous, STEM is not just the acronym "Science, Technology, Engineering, and Mathematics." It is also a teaching
and learning approach for all subjects, similar to "Science" and "Social Science". The word "science" no longer
exclusively suggests the fields of physics, chemistry, and biology. Today, it also indicates an approach,
strategy, and method of study. Under the same logic, the subject content is not our first priority; instead, we

principally focused on the manner of studying under the umbrella term of STEM.

Traditionally, we teach the individual S/T/E/M subjects from the very beginning through the definition,
verification, and application of theories. Students require much time to gain familiarity with the sets of
theories in a particular discipline, subsequently applying these theories. Thus, students have to primarily

concentrate on memorizing subject content without any training on cross-disciplinary thinking.

From a review of the relevant literature, we found that the STEM activities involve such tasks as making
products through a series of procedures (including observing, comparing, and reproducing). Those tasks require
students to think within various disciplines and apply such concepts simultaneously. Therefore, teachers
must be able to shift their teaching paradigm from giving direct instruction to facilitating the learning needs

and growth of students.

Aims and objectives

To prepare our children as they face the changing world, cross-disciplinary thinking is essential. Applying
the STEM approach in school is an effective way to nurture their ability to face their future effectively. This
technique comprises several components as follows:

- A proactive approach for nurturing children' s habits (a proactive action) in facing the problems in the

realm of science, technology, engineering, and mathematics;

- Removing the artificial barriers between subject contents and allowing for integration;

- Enabling students to develop life skills and apply content knowledge within a real world context;

- Actively focusing on a student-centered learning environment;

- Teachers functioning as classroom facilitators; and

- Students engaging in inquiries, problem solving, collaboration, and hands-on activities.

Implementation
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We incorporated our thoughts and beliefs into seven Basic Competencies. These are the basic guidelines that

we followed in designing our STEM lessons.



STEM Education in our School

The following three competencies are related to the subject content:

- BC1 Learn and Apply Rigorous Science, Technology, Engineering, and Mathematics Content;
- BC2 Integrate Science, Technology, Engineering, and Mathematics Content; and

- BC3 Interpret Science, Technology, Engineering, and Mathematics Content.

The remaining four competencies below are related to project skills and attitude:
- BC4 Engage in Inquiry,
- BCh Engage in Logical Reasoning,
- BC6 Collaborate as a STEM team, and
- BC7 Apply Technology Strategically.
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Stage 1 =
o
C
o
(&}
>
Ll
|_
g e =
= S 2 £ 3
o “ = I =
° Q 5 L i}
> = © a s ©
2 53 8  E 5
Stage 2 e S = _ = & >
> = RS = o
g B 5 3 2 8 S
= c o c
° o - £ £ © 3
@ © o ) ) 2 =
c & S > > ® >
8 £ £ 2 eIl 3 g8
9 = = L L O <
Stage 3 . . . .
9 Subject Contents Project Skills Technology Literacy

Figure 1: Seven Basic STEM Competencies

Foci of our STEM lesson

We shall support students to develop different habits and practices that will allow them to approach situations
where they encounter a task or problem. That is, we will train them to observe, compare, search related knowledge,

conduct tests, gather data, find patterns or relations between items, share with others, and enhance the results.

The following items are the foci of our STEM lessons:
- Develop the students' habits for addressing problems;
- Enhance the students' ability for constructing new knowledge through previous experience;
- Guide students in managing data for accomplishing tasks; and

- Develop the students' sharing attitude within and between groups.
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When we developed this new curriculum, we considered the need to incorporate three aspects, namely,

Theoretical, Psychological, and Implementation.

Theoretical Aspect
In the theoretical aspect, we emphasized three approaches in teaching:
- Discovery Approach, through which students can be the owner of their own learning;
- Reflective Learning Approach, through which they learn from their own reflections; and

- Peer Learning Approach, through which students learn from their colleagues.

Psychological Aspect

The main focus in the psychological aspect is to motivate the students to learn by invoking one of the basic
human instincts: curiosity. By exposing and presenting the students with unusual phenomena, we trigger
their curiosity and encourage them to undertake self-directed learning. Through such a process, a sense of

satisfaction and achievement will enhance their confidence in facing new issues.

Implementation Aspect

As shown in the figure below, we use various activities during our STEM lessons. Students first explore the
nature of the issue, then they are asked to share their observations and compare them with those of other
groups, during which they may ask for more related knowledge. At that moment, a teacher will intervene and

facilitate their learning by explaining such knowledge to satisfy their learning needs.

Subsequently, students will start the designing process according to their task. They undergo self-reflection
after some trials, and then they can redesign their experiments and products. They conduct redesigning
regardless of whether the final product is a success or failure, as we shall always emphasize the importance

of consolidation of knowledge. We believe everyone will learn something during this kind of activity.

& Implementation Aspect
%r@ Planning (ssenward)

\Dbsm compare

’ Re-design e
teacher intervene _ ¢
intn thEir Iea rning & ek o e r:?;-'l;:?;;

Figure 2



STEM Education in our School

Flow of STEM activity

The duration of a STEM activity would last for about 6 - 10 lessons. The table below describes how it works

in different stages, with the flow anchored by the curriculum rationale.

Teacher intervention would also vary. Lower grade level students would require more teacher support than
those from the upper grade levels. Thus, upper grade level students will obtain knowledge mainly through

self-application and not via the input of teachers.

Table 1

Stage 1 Hands-on experience (encounter task > present > observe > ask)

Stage 2 Related knowledge input:
+ Lower grade levels: more teacher input

- Upper grade levels: less teacher input and more student-
directed activities

Stage 3 Design or make tools to solve problem

Stage 4 Share and compare > re-do

Stage 5 Reflection (portfolio)

STEM proficient students

We expect students to develop solutions for challenges and real-world problems, apply the rigor of
S/T/E/M content in a seamless manner, and acquire logical thinking skills. Moreover, they must be effective

communicators and literate in terms of technology, science, and mathematics.

Learning and teaching

STEM-proficient students are logical thinkers who are able to answer complex questions and develop

solutions for problems.

So where do we begin? We do not have to change the way we teach in order to have a strong STEM education
foundation. We can start by simply refining the ways by which we query our students. Different terms can be
added (e.g., experiment and model) to create an environment wherein students wil | be accustomed to hearing
important STEM vocabulary words. Exposing students to educational technology, including iPads, computers,
and even cell phones, will also assist this process. Technology is a major component in STEM education, and

giving students more access to it allows them to better prepare for the future.

To ensure the success of each lesson, we examined the dialogue interactions between teachers and students
in a STEM lesson, collecting over 50 sets of key dialogue interaction in the process. After careful study,
we divided them into five categories according to the level of inspiration for students: Guiding, Socratic,
Requirements, Confirming, and Appraising. Furthermore, we encourage teachers to use the Socratic style in

conducting a lesson.
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Assessment

We will assess students' project skills and final product. For the "project skill" area, we shall observe
how students react and engage in the problem-solving cycle. For the "final product”, we will focus on
how the product is relevant to the task and how the product design applies previous knowledge. Similar
to our other subjects, our school will use rubrics to present the students' performance to their parents. In

the future, the assessment of knowledge will be added into the overall assessment.

Review

From the perspective of math teachers, student participation in STEM lessons is actual ly more dynamic.
STEM problem-solving skills have the unique characteristic of being the "same approach but having
different answers" in contrast to the same skill in a math lesson, wherein the "different approaches but
|leading to the same answer" principle applies. Some teachers enjoy the process of exploring the teaching
materials, and testing them before the lessons, especially because this creates more opportunities for

collaboration with colleagues.

For science teachers, there is more discussion, cooperation, and peer learning ina STEM lesson compared
with science ones. Teachers, however, may suffer some effects of the excitement emanating from

students, as the classroom is filled with more shouting, arguing, and clutter.

Furthermore, most students enjoy the hands-on and explorative learning approach in a STEM lesson and

the feeling of satisfaction they achieve when they create an effective product.

Parents, meanwhile, are impressed by the excitement, level of engagement, and power of self-driven

|learning in their children.

According to our continuous review of the experience of other countries, we are on track. Our stakeholders
expressed satisfaction in our new methods and our implementation of STEM lessons. However, we still

require further evidence to support such a paradigm shift.

Conclusion
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Since the beginning, we accumulated much experience in implementing STEM. Initially, we found that
"STEM" could be treated as an expression that encompasses content, strategies in learning and teaching,
expectations, and functions. Then we learned that the "STEM" concept can be incorporated into any
subject, and that the role and duties of teachers need to be modified accordingly. Eventual ly, an open and
inviting attitude will predominate in the entire learning environment. In the coming semester, we will
attempt to shift the focus on STEM + C, with "C" indicating Coding, Creativity, and Critical Thinking.

Certainly, we look forward to any further development in this direction.
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Arduino 1= HIF2 TNERI:
#include <Servo.h>
Servo myservo; /| E237Servo) 4 - FZe{RI IR F5 52

void setup()

{
myservo.attach(9); / ZEEEIIIALO » (RIAR B ZMIRNIRAR
}

void loop()
{
for(inti=0;i <= 0; i+=1){
myservo.write(i); // £ write » BABE - {EOEEERI0E - HEHERESY
delay(5000);
}
for(int i =0; i <= 90; i+=1){
myservowrite(i); // £ Awrite » #LOEEZQ0E - EBIRE1E50ms
delay(50);
}
for(int i = 90; i >=0; i-=1){
myservowrite(i )y (£ FHwrite > {E0EERIOE - ERS1E50ms
delay(50);
}
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http://www.cfs.gov.hk/tc_chi/nutrient/searchmenuc.php
Agricultural Research Service, US Department of Agriculture:

www.ars.usda.gov/Services/docs.htm?docid=8964

(b) S EESNESEMNIEESFNESE

(i) IR AL FT IR LR EERTE S (Nutrition Calculator) » FHEBEEFNE—EEMNEEND
WEtEHEBEERNEEETNRSE (TUENERYRE 100 ARYER ) » 5
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1007,
Hih&ESRAFTE » LS -
o PIEF100 B ATEEN ¢

10032
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&

) FIEBEEBEREEBAZAMFNASLL
BATH2AHRESERNME IR TR H:
BEEFATERRBARYRZE2H 0
NRV (Chinese Nutrient Reference Value FIEl44 B R E([H*)
http://www.cfs.gov.hk/tc_chi/whatsnew/whatsnew_act/NRV%20(Eng%20and%20Chi).pdf

(*&BZ2EE (\RV) ERREERTHAMERBENAKTEE - )
BEETHMESNGREERMEAZANEZRAENE D LNFERRNT:
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ctivity title CoolingWater at Room Temperature

by Evaporation and Conduction

Author Cheung Kwok Ning

Related Subject Physics

Level Secondary 3

Learning objectives

By the end of the lesson students should be able to know the following:
1. the meaning of evaporation, and
2. the factors affecting the cooling effect by evaporation and conduction

Prior Knowledge

1. Temperature and thermometer
2. Conduction of heat

Evaporation is a cooling process. As molecules with higher KE escape from the liquid, the remaining molecules must
have below average KE . In other words, the remaining liquid becomes cooler.

Procedures

1. Students work in seven groups to brainstorm a cooling model. They must cool 200 ml of water at room temperature
using a fan blowing for 15 minutes.

2. They determine the factors that influence the cooling effect, including wind speed, surface area, and conduction.

3. Students design their own model to maximize the cooling effect by using the concepts of evaporation and conduction.

4, Student can further explore the property of the material for making sportswear, including thinness, water absorption
ability, and heat conducting power.

Assessment criterion

Decreasing water temperature after blowing with the fan for 15 minutes

Photos of selected students' outputs

After 15 minutes, the temperature change is summarized as fol lows:

(1) Group 6 achieved the best outcome (-3.5°C). They used an aluminum
can, which is an effective conductor for transferring the heat away from
the water. Then, they covered the can with wet tissue paper to cool the
water by evaporation. The tissue paper was thin enough for the wind
to conduct heat away. Then, they placed a wet towel at the base to
insulate the can from the metal stand and help evaporate the heat away.

(2) For Groups 1 (0°C) and 5 (-1°C), the vessels were immersed in the
plastic containers filled with water. This set up prevented the wind
from transferring the heat away from the vessels.

(3) For Groups 2 (-1°C) and 4 (-1°C), the dry towels placed at the base of

) ' the can prevented heat gain from the metal stands, but it did not have

Figure2: Figure3: any cooling effect by evaporation.

gp 4 (-1°C), gp6 (-3.5 °C), (4) For Group 7 (-0.5°C), the mouth of the vessel was covered with tissue

gp5 (-1 C) gp7 (-0.5°C) paper, thus preventing the evaporation at the water surface.

(5) For Groups 3 (0°C) and 7 (-0.5°C), they did not insulate the bottom of
cans from the metal stands.

Editors' Views [This activity provides a good opportunity for students to apply relevant theories on heat
conduction and evaporation, which they have learned from physics textbooks, to daily life settings. This is meant
to be conducted as a group activity. Hence, through interactions within the group, students could deepen their

understanding of related theories. As the winners are required to present the features of their designs at the end of
the activity, other students could learn from them. As an extension of the activity, it is suggested that data recording
and analysis be included to provide evidence to support the related theories.
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Activity title AIgaI ba per iment

Author Ms. Sit Ka Ling

Integrated Science , Biology

Level Secondary 2-Secondary 4

By the end of the lesson pupils should be able to

1.examine the gaseous exchange in green plants with or without the
presence of light; and

2. investigate the process of molecular gastronomy

Related Subject

* In contrast to the original experiment in the student textbook, this
experiment is more practical and interesting. Students can also take
their set-ups home for long-term investigation. Upon completion of
this experiment, students gain a better understanding of the process of
gaseous exchange in plants. Subsequently, teachers will need less time
to explain such process.

- 2 lessons (80 mins)
- Greenalgae
Sodium alginate (2%)
Calcium chloride (2%)
Hydrogencarbonate indicator

Figure 1: Students pouring the
hydrogencarbonate indicator into a
plastic bottle for investigation

Figure 2: Apparatus for Algal
Balls Experiment

Investigating the effect of

Figure 4:
light intensity (upper) and the absence
of light (bottom) on the rate of
photosynthesis

Figure 3: Preparation of the algal
balls

STEMHEEE) | BRDE P2

=

Figure 5: Students counting equal numbers of

algal balls for fair testing

Editors' Views 'This activity

demonstrates how biology can be
integrated with technology by applying a
new technique to a traditional experiment
on photosynthesis. Using alginate to turn
a liquid into spherical structures is one of
the techniques of molecular gastronomy.
This fusion of biology and technology
is not entirely new but is not commonly
observed in integrated science and biology
classrooms in Hong Kong. Although this
activity is currently more inclined toward
scientific inquiry, it can be transformed
into a more integrative STEM activity by
adding more features to it. For instance,
students could measure the amount of
oxygen produced under different light and
environmental conditions, use algal balls
of different sizes, or use algal balls made
with different concentrations of algae or
algal species. Theoretically, this technique
can be further developed into potentially
useful devices for removing carbon dioxide
or producing oxygen.
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Related Subject Biology

Author Mr. Lee Lit Hong, Science Panel Chairperson Level Secondary 4 and Secondary 5
Time . .
(minutes) Aim Activity
5 To make the cell membrane analogue 1. Bend 4 straws at elbows.

2. Connect straws together through an end to end arrangement to create a bubble holder (straw rectangle)
Activity 1: To allow the change in its shape without breaking the cell
Steps:

1.pPIace the bubble holder (straw rectangle) into the soap mixture on the tray.

2. Lift the straw rectangle out and slowly twist it back and forth to show the flexibility of the cell membrane.
Activity 2: To allow the soap molecules to move within the membrane.
To demonstrate the fluidity of the cell |Steps:
5 membrane 1. Place the bubble holder (straw rectangle) into the soap mixture on the tray.

To demonstrate the flexibility of cell
5 membrane

2. Lift the straw rectangle out and slowly add few drops of soap mixture into the soap membrane.
3. Observe the movement of soap drops within the membrane.

Steps:
5 To demonstrate the permeability of the
cell membrane

Activity 3: To allow molecules to pass the membrane through a thread ring, which represent a channel protein.

1. Take a piece of thread, make a circle with it (about the size of a nickel) and tie it in a knot.
2. Place the bubble holder (straw rectangle) into the soap solution.

3. Hold the rectangle and place the circle of thread on the soap membrane.

4. Break the membrane inside the thread circle and move the circle aroundround.

5 To demonstrate the self-repairing Steps:
ability of the cell membrane

Activity 4: To allow a soapy substance to pass through the membrane without breaking the membrane.

1. Cover the surface of a dropper (or other instrument) in bubble solution.
2. Slowly push the dropper through the soap membrane.

To demonstrate the feature of the Steps:

5 presence of membrane-bound organelles
in eukaryotic cells

Activity 5: To create two soap bubbles with one inside another.

1. Place the tip of one end of a straw into the soap solution.

2. Blow on the opposite end of the straw to create a bubble in the soap solution.

3. Slowly lift and remove the tip of the straw out of the solution after filling up the bubble with air, making it 7 cm long .
4. Return the tip of the straw back into the soap solution and create a smaller bubble inside the bigger one.

/ Extension Follow-up activity

For example, design and make a polyhedron bubble cell using a limited number of straws,

The bubble soap membrane is very similar to an actual

cell membrane. For example, both membranes are made

up of bilayers, in which the phospholipid bilayers of the

cell membrane are formed with the hydrophilic heads

facing the agueous environment and the hydrophobic tails

pointing inwards to each other. In the soap membrane,

the lipid bilayers are formed with the hydrophilic heads

held inwards by the interaction with water molecules.

In accordance with this similarity, the bubble soap

membrane can be used as an analogy of the cell membrane

to demonstration some of its unique properties.

By the end of the Iesson students should be able to

1. demonstrate the flexibility, fluidity, and permeability
of cell membranes;

2.demonstrate the self-repairing ability of the cell
membrane; and

3. demonstrate the feature of the presence of membrane-
bound organelles in eukaryotic cells.
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Editors' Views
that serves the dual purpose of explaining biological

This is an ingenious activity

phenomena through the use of analogy, and making
models that could be qualified as a STEM activity.
With an explicit comparison between the bubble
soap membrane and the real cell membrane to avoid
introducing misconceptions to students, this activity
can be a powerful means to enhance the conceptual
learning of students with regards the structure and
properties of the cell membrane in relation to its
structure. The engineering aspect can be strengthened
by encouraging students to independently discover
how they can improve the durability of the bubble
soap. The follow-up activity is an interesting one; it
could be further extended to include designing and
making membranes of plant and animal cells that

come in different shapes and structures.
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Au Miss To Yuen Man

Related Subject Mathematics, Biology, Geography and Information
Technology

Level Primary & Secondary

Introduction

This project facilitates the practice of the students' skills for data
collection and applying their multi-discipline knowledge covering
Mathematics, Biology, Geography, and Information Technology to find
the weight of dinosaurs. To imitate a paleontological site, a sand box
with simulated dinosaur bones has been developed by student leaders.
Working as paleontologists, students have to employ prior knowledge
learnt in the different disciplines to complete their tasks. Their duties
include digging into the sand pit, compiling a sketch map to show the
distribution of fossils, using mobile apps to measure the length of
fossils in the pit, employing mathematical formulae to determine the
circumference of the bone, and plotting a chart to estimate the weight
ofa biped dinosaur

To apply their knowledge in map sketching inareal |ife application

To apply mathematical concepts (geometry, estimation,

circumference of ellipse) in areal-world situation

To integrate skills from different subjects and apply them to solve

practical problems
" Key leaming areas

- Geography: map sketching
Biology: nutrition - dentition and fossil record
Mathematics: circumference of an el lipse and graph plotting
- Information Technology: pseudocode and animation drawing

Students conducted self-exploration into the world of fossils,
encountering aspects such as the factors and processes leading to the
formation of fossils. They also gained further knowledge regarding
dinosaurs.
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Editors' views | The theme of this

activity involves dinosaurs, which is a
subject of great interest to secondary
students. This lesson allows participants
to experience the work of paleontologists.
Through this experience, students could
learn to apply their knowledge and skills
in Geography, Biology, and Mathematics.
Hence, it makes a very good exemplar of
interdisciplinary STEM activity especially
for Biology, which does not seem to be
as closely linked with Mathematics as
Physics and Chemistry at the secondary
level. Teachers may consider challenging
students of higher ability or those in
senior forms to tackle the problem through
problem-based learning. One way toachieve
this is to ask them to discover possible
ways from various information sources for
calculating the weight of dinosaur bones

based on other dimensions of the bones.

Obviously, varying degrees of guidance

are needed even for students in the high
ability spectrum, for example, teachers
could provide relevant websites as sources

of information.
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