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NGSS N ASTEME B HEEFFIERH

Theories on Scientific Inquiry and Those Relation to NGSS for the
STEM Education Innovation

ORE%H =1
KUMANO Yoshisuke
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Graduate School of Science & Technology, Shizuoka University & Graduate School of Education
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SEBE,
OTL—ALT—OTREN TNWBEE DEE THN
SATNBLSIC, BRIENIFTEZESHh S, Bl
KBTI LS, BB DB LM E. 8D2DTS
OT A RICkEDTIRENBFELDZUEERT EZ
&
OBZRDHFHIFITOEE, F/-/XFBEDERETTD
EEIZ, FELLELHFZRIGHME RS LFER
FE_L,
OFELLEBHIMDELLEZD S, BIEDHSAEE
ERTBLEICEET B L, CDEEFIZEEZFH
BREBEFLI-Y, TEEDFEIZHN T SHERD
EDDTHLEITILEIIC, HEEPTIEZEDE
FIZEUL TOBZENZLFEFAB,
O3 KILEEIZk > THEMTEREEHELIY., F
ELEB DB ZEREELZLIY, =, FIZER
GFRLIZE DUV T, 0585 D B DEFG #1775
REEISCSL,
OFEE-BIHRE T BEFZRIGEHIBAFIED
AKEIZET SEBFMEAR, #RH), HEEHE
DFEIZHH TEEREFZT ECEITTHT EL
IRETEL,
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O3 RILDFFZHBHIZIZH LV TDHIZET/L
1t BB LEEHEL, 1DDEEFESNETE
TIIPERTRESTEZITANEELSELZF
BEETE L,

OBXTEEDERIZEEDNEFELEDEY
DYTL OB DUV FEIX N FIERT

B2,
(2018 4E 2 /12 NSTA FEFHEL|Z > THEFK
PRI, )

2013 4F{Z NGSS MERR SN ThH, 97T 5
ERRRE 2018 4F 2 HIZ NSTA DEH L LT,
BLHFRIERTEDN B 3 IRLDER & FH~D%
T EVIHI R HEINT-Z LIZFRE R
WRdH D ENZ D, ZhUE, NGSS & MOF
AR H—RE LU TERAT L0, iz
TR B VNENRHFEIC 2> TE 2w
FIZETHD, ThRbLT AV ORI ZHRICE
05 TRFRIEESE (inquiry) | &9 HER7Z
% B A DR A NGSS 1FHER L TWH DT
b5, BZELFOPICHAERBEMRD AL
HDT LLFIZNWS D0 DOEFERTREZBZ DO
fRzFedk4 22 & L35,

4.4 BEHBFCBOWTRZREOMEHE
AL S B HEIIMDN,

NSTA (X% TRIEERIERIE S 3 IRTTDH R
LFEADOBAT] LD RIATCH NGSS DR
Mo 5 AFEERTHINDILEENRLE D LTH
HDTHA DM EDLX D T RBNIET %>
REBKIRONE TH L, FIICH DB E L
Mk &Y 7=V . “What Ever Happened to
Scientific Inquiry? A Look at Evolving
Notions of Inquiry Within the Science
Education Community and National
Standards.” (AIR & WDPI, 2016) # AF$ 25 2
ENTER, UTICEE RS EEEDD

441 FEEBHL. BEZEHLELIFETT
A—F&LTO lTinquiry 3E%) I

1996 REIZ/EREITz, BARBFHEAZ A F
—R (NSES) ® FCTRe#i &L T\ 5 inquiry($
ZENZ DWW THI LT,

[ X502 50— N ClI R FZ D FEL DS LD
HELRD TNBDTHS, TRPHIZTIL, BI45,
THRE 1T Hem, Bl TP SHE 51T
115D THS, inquiry(FEIENIFLFZFE DL
(7B D155, inquiry(FEFE) #7750 5= &
1%, JEEAGEITFYY) - BB 00 Tl L, &
G, A EFREZEL, 5 H R R F D 7% 12
LT, AR7E DR E 7 XM, H 272560

EREMIEIAICGF LG9S THhHD, VL E
1% H 57726 DfgaaiEzd L, FIT (HEH)) 197528
ERp PRI B E S, (CEEZZ 2 T D
THhHBs CDIHNEL TIEE AL EITPE D175 ¢
EER FIEET S TMEE I TREFHI R A% %
BB DPULEEICLS T, FIAIZH TS5 %
BHFEL TSSO THS, ) (NSES, p2)

SHIT, I BARIIZLLI RO NSES o5zl
TW5,

[ BLZHT inquiry(FRIENIL, FEF2E DT F05
ENFUSFLFHIA RN TE DT, FLFEE 1L H
IRENTEL , B Z 1R 5 751 TR IS 4
TR TEL W & RN 75, LIAHFIC inquiry(FE7E)
13, JEE AL GEDPFLFZH) R ik e 5 L 7= VFL S
)72 E 2 & BEAEL 720, X521, LU FICEFE
ISFFIEZAHTEL TS D& PEAET 57260 D
D FEHITE T EDTHS, J
(1996, NSES, p23)

ZLC, RSCEEARDH, NSES Tl 8 2DHE
NBRENT, ZNOIX, OFTZHEE T 52
& OFFFRIRHE S L FTT77 524 OF
— B E T AR T 5750 D )28 A1 aEZ
72>, OFFICHE T T L, L,
L, ETNEWHEESSZE, OFFFHI7 7
EHER DI D BIEF S THIBHINE >0 g PRI
DPADZSZE, OMERRTH &Rkl 20T
T5ZE, OFFFHI R FEE AR E 1 412 BIFF K]
Bta=E, OFFZHT inquiry(FRF)DE DB #EIZ
BT FZ 52 THD (NSTA, plds-
—148.),

5|2 5 1%, Inquiry and the National
Science Education Standards|(NRC, 2000)
BHRS I, FRETORTEIZB T D 5 HDOJFH
DIREIT,

TOFFFHIZ G IFEEEFTIZL > THENIE B 2
7oZE, OF HEIZTFFHIL 7 Z T 5
& CDFAFRUNELYD, FEFHNZ G X7 BEETIZL
> TEPASHENR G O VBT, Ehaiflid 5=
ETEBLIN 0B, OFFFHNHG 7] L7=EERTIZ
Lo TEDPATEGFNE, FHEZITAERE1ED_ L
ITBZE, OBV, FEFHILPEAEE VO S5HV KD
EFRVRLILIE, (CEDAFRE S 4IZ 00T,
FEHETE DR E M T 524, OF &2 AL
DL DE B HEH L T, R Z I
k7524, /(NRC, p25)

4.4.2 HERBAD inquiry(EZR)0HDHL

WEWEILFF27T7 4 A (practices) ~DAT
Barrows(2006)12 X 4113, inquiry(Z222) 25 & T
TR B2 TRENT-OT, BIGOHEH
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PIRELL - &R R 5372 (p274), Asay & Orgill
(201012 L AUE, ZOREA T, ZLORZFEOH
X, inquiry(RE) &R ZDONEEZEST-HDHE
DEHebDEVHIRZF Tiddal, BFEOBRBL
LT inquiry(EZ8) L L TR 2 b =& LI=(p57),

TRHEERTE DN & 3 IRTEDHFR L~
BT (2016) D77 FD R N—]F,
K-12 B#HEF 7 L — LU —7 (NRC, 2012) % £
EOIEERBEEDTEA L R—L|Zf H
—ZLTW5h, £T, AZ U7 4 — RRFELE
HiZTH Y, NRC ORiEEFHE D Helen Quinn 18
3. [2EE Tl inquiry(FEFIL, (KB D5
HEAZEFEE o T, IFBYCIZ LD, &
ZIENTDER NS EITIRELR L, | IR~ T,
5|2, Quinn 1%, [ ! (Hypothesis) /& /7]
o TEHHEL TOSZEDRDY, FET=HICHEN
FEIUED, IELVIRGEELR0LEIIZL TS
REDPZEIFENE, HHFESS 1996 4 245 hFD)F
K TIE, inquiry(FFZ#E)ITE Th #5208 DT
B/, |,

T4 ARV NSIRY T 4 Y R OGERR
T 5D, Melissa Braaten %, kD L H Iz
BTz, 2T, inquiry (FEIE) 13 FE5% 7>
5B B LTS VDL D0, Je 7 A —2
N S, FFHEDIEAD =T, inquiry(BEF) & FF
FDFFEELTEHBLPETHS, LD,
Inquiry(FFEFE) S FLF2 DIIHGR 5 % ThoERE
EEZ TV, |

NGSS DO FEEHZ DI H AN KRFEDOF
BEFOHEE Joseph Krajcik [#+:1%, /NSES
P78, inquiry (FRFNTFLFZDFEIZF5 0
T ML L EPNED 1 DOFE 2SI a7z,

inquiry(FEIDIZIUNT, 1996 AR DHE VR,
linquiry(FE 7)1, I & AL L 7= E 7
(inquiry-based teaching)tZEXFEIT7E, L
b, MODFFZE G EITFE DI, FEEIEDL 0,
=T NDIEFEIZH S o A
nquiry(FFIE)F i THSEZEMEL TE7E,

INHDRE DA A 2—DFEEHEL T
257 L%, 1996 £ NSES 725, inquiry(%%%)
X, WSO DORRRE A L7235, NGSS 12
FEolzbiR BTN,

4.4.3 4B inquiry(@22) &1

Quinn X, [ B2EYL inquiry(FEFE) 0O 5
WEILIZREITL TES T, TEAILREIT L=
IE R EREINTWS, 2O ZEE,
inquiry(ER) LV SHEEZFH T 5L, 1996 4
LItk NSES OiEST-#H 2 b ED T, 3%
72 B R TR T 5672 8 LT, Krajeik 1811,

[ inquiry(FEFEIZ, 30 FELLEDE/H ST T
WESD T, JIRE N TEd NEThslbLic,
Braaten L1, [ NGSS 226 inquiry(HE75)%
WDGEREDRS o TR - /2, inquiry(FEFE) D
HEIT# o218 LT,

PL b0 2ER 2B 2L RN, 4 HITY
72 inquiry(BEZE) LT LA T D 4 SO EFERHH L
DRI,

OFERNFEDIDEL T TR, FLFEH) 2P
JEZEIE T S57200D FEEL TD inquiry(£F
7).

Oinquiry(HEFHE)IZ, FLFEH 77> TOBLI7%
BB T, A1 T, HHHIZEEEE RIFL 5> T
VS 7Z 27 ¢ X practices) DEE LK THS,

Oinquiry(tFHNL 3 KL DFEHEDE D TH
=z

el

Oinquiry (FRFNIFLF DELE F 06 M7 L T
03,

5. NGSS # MR A H—FIZBATHED
inquiry({£ 28) % L% (Engineering) % .
STEM 4 B DRI AR W 72 28 ~DB1T
DIRE

INETHRTEIIIT, NGSS 8 T&
TUWRUWNT NSES FHROEERNFD1OEL
TO inquiry(RD) THHEVOIEZ T NEE, £
BOINORYEAS A —RIZNIEL TS, ZDZ
LR NSES AR T 8% KT L THDHEN
25,

ARIZBWTHRIBROZEN N2 D, BARIZE
WCh, A —T A )R =T ar BNEENDTD
2 BEfFo#E R oIz, Bl =70 8
DT FZITAAPMETHDLE NI ZIE SV
fRETITIL, FEELEHER S D, THZH 1996
FEDOIEKBZHBFT AL X — R ICBIT 5%
IR ZE (inquiry) 2N KENZ S CTRY, BH52a7
PN ZEOEER (e R) BIEFHS N TV D, =
ZTC, T AV OIE R I EN D F S _RE LT
BEAFAET D,

A Bl STEM 5 iz A ARIZHW AsiE
Fe CRUIZRZEZ W ONZET THD,

(1) B0 FEEDLFFOMBEITIL, HE—o
BN H LD TIFRL, NEFEH ED EL
TEC, BRI EORREEZ BN
REFRMEIZ, Bie T2 7813k LT
TNz l, Rz lix, BAROFEY -
BGTHRT 5, ERMZREER S0
DRFENOIEED | NERFR O EH D BE
WAV IRAS TRk % 7oA o2 R B -5 2
L
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(2) BHEoRse GREWTSE) Lo v =TV 7
TIIT 4 A (T ER TR E)) Z A& 75
WZ&0, X0 B EOAETEIZE ST T2, ERT
TR AR N R REL IR D L BRI H T
L,

(3) A HENH B 2BV TH, AIREZRFRV AR
72 STEM 205 O b4 Bl 8 LA 7 D%
BAENRDOEE N B LERNE,

(4) TF R DRk 2 7o iR EhZ fili
RS, FEL B0 B AR - R ET S
WZFFOURWe D35 B R B TR 7
AT a—F L S DFIEEZFICHOTS
z&,

FE, BRIZBWTOH LWV E 5 EEEIC
BWTHE, TERRZO, JEEHRZON T
EANPIANGNEAY: 25 25 & e AONDL =/ YiNANY 4
7o BEHZ B W TO BRI 32 T 7 i,
KW -THOBEZREBSPHOLICINNG, AHEY
IREBENIFHLZATHD, 2016 F 12 H DX
HIZ, STEM #HE LD ST, BRHZBWTT
2 DFTRREE AL, BARRIZ 3w e S T3,
NGSS (RS TW D IO gm0
ST, ZZIZE ST, STEM #HE DAL B IREIC
OIS, ZLDOFEIMENC AR D DH 5B
TEIZFBW T, OECD @ PISA <° TIMSS o771
— MR ER S KF T ARt TR T,
FEANEA KD D 21 BHACTL OB E  RE I DVEFF
B IR OO IR A TR D D BN m o
THY, kp~x 22 ido Iz [ TR 7R
VT3 — | ORI ZZ U)o T D &N fif
RNV ETHS, 12720, BARIZBWTI, 2hb
DENEZKT LT, AV Ty ) — 2% BINT 5
BENMBHVIELZ RN, Fox X FE2, RN
HTCNIRN 72 TR BRWEE - GE ) &1
THENPMETHD, OFD, [ 1T L
FUTBP N CWNDENHZETHD,
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REH RNMEES), REVE B) ifEE 5
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B ERDIRRICET5T0T 3 VT HBEDEA
NREROBETEDE S ENSBEEERT 5h—
Itroducing of Programing Education at the Graduate School for Teacher

Education - How to Imprement STEM Education at the Elementary School
Science

[25%0]

HRLE & STEM 20 D& T2, STEMEE O b OISR H 5 O T, [RIEICE T M0 H 503, STEM
HEIEEND SH Science WD HEEHIEIT2HF & 74UE, SIZTO Technology, E @ Engineering, M
® Mathematics & ZBEHEATT D Z L ZRDTNEDN STEMBE L W) ZENTEXBHEA). ZDXHZ %
AR EIRR PRI ORI T, FPAICER 29 FRFEIEEEFH CHEAINZ TR V7 IV VHB 2 Fhi L
7. 7l I I 07HEBEIL, BOOFEBLUZEIZOWTREITHEBR LN HIEBERL TN EWVWIH T, =rv=
TV TWRBR T o AT D2 ENTE D, TOERIZEBWNT, /INEROBEROREICEEMAIT T m
TIIVITHBEERD AND Z LT, KE STEM ZE OB E % K L= BARD STEM #E 2% K35 2 L IR

5.

[F—U—R] STIM#E, 7r /7 I 7%, N, #BREE

I. [ZL®IC

IR T RPN EEE & EREN AR OHEE
e — 2 OIBHRL B T RN B BAFSAFTEIV (BEEL) |
EVORERHSH. ZOREDORGLWE, N EER
BEICBT D RFAN R85 2 5] OB A EA
WU RS T DA & e H o %) 2
IHLDOTHDH. BEKFBROREL I DHDT, Zifsd
RIGHEE, FAAE L BB AE L D, ZOF
B 15 BIOFEOH T, [H LWEREE ~OXE)
EWVWHZET, TuTTIVITHBEONKE 2ENFE
By EFCHEILTWS. Furs I 7EEIL,
K[E STEM 25 TV 9 & Z A® Engineering (UL =
YU=T VT ERR) BIRERT ARG ENT
Wb, ZOD, Tul I I THEYTRLT, /h
LR OFR ORI BT B Z & T, KE o STEM
BEOHE L UTENTHY % HAROBERZEEICEY

Af, BERL TN ZENRTEDHEERT.

0. STIN&BEETOTSIVIHE
1. STEM #{F & practices

STEM ( Science Technology Engineering and
Mathematics) ZHE &V > Th, 2372 VIRIAVESE
BRNR BN DD T, ZOmLITHBWTIE Jo Anne
Vasquez HiZ X % [Stem Lesson Essentials] (2013)
RSN ESW T2 D T 5.

KETIE, RKERZET 7 I —, KERHRE S,
BB EEMS I EOWIIe, 75—7 (HEEED
FEEHEK) OBEERNED S L, NGSS (Next
Generation Science Standards) NMERRK Sz, 22
IRENTWARBHBE ICBNTY STEM HENE
HENTWAD. NGSS I2iX, 3 ODMIERH Y, Tih
FOa 7S, OB - = =T VT T
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T4 A, QOEERWIEETHD. N HITNERTOEE
DHE TIEIANTANTITREN, FEHHMZONTEH
B2 IR S CE N dH 55, NGSS TIEZENDH
EHAELTIT) 2 EOEEEINREN TN,
ZIZTlE, 3o0MlED—, B mY =T
VY TS5 7T 4 ZZHONTE H0 LY BT 5.
NGSS Tid, practices & M5 Rl 7o RBRTE LSO
TV =T VTR ERIEE AT 5 2 EAEMH SN
TV, EEICRFEES T FOMAEE DN ToTNDL T
0 A Z KRBT DIFEI N ER S TW DRI, T9)
DEDPREE TS 720D EE LT, BRTnD
DIFHE PEEEC > TN D 2 & BRI 5 2
ETE] V0D ZERNFEERFE R EDOHRIZL > TH L

MIZIR o TETWVAEMNLThA . practices DL,

R1DOLOTHD (EHR), STEM#HF Ti, #iF

IZBT HRFEDOMIRIZNT T = v=T V7B
A UERR O HWAT L TR L TV D OBFHLT
b5, BFREIRITAROTOEADBR L Y,
TV =T Y TR RS X T A EBLOER
LB, ZDOXHIZ, WD practices 1%, 1IBVVRD D
HBONRLRDREERS LB L), WL L ToHam
BB\, [l D practices & iR L7 S, (ABR4 2
Z L TENEIND practices DFEFESCAE DN DOND &
W) ZENEMASNTNDEBZ DI ENTES. F
7=, practices %, KB OBRFHELEM LI-H DL
EHABNDLZ END, FOOWRNTHLFEHYA 7
NEEMRLTND EWVD Z EbFiAINS. ZofE
H)« = =7 Y U THRERE H X 5 practices &
I THESCTEIBRRTE S e & & B S e B AEREIC
FEEIE TN ZERKU D THD.

B2 75 77 4 A< BLA 7R ge >

V=T VTN T T I T A ALY =T Y v
TR RTE >

1. flvwE-o< % 1. [ GRE) Z2FERTD

2. EFTNEDL S THED 2. EFNEDOL S THEH

3. WFgtAEEE L CEITTD 3. WFgtAFHE L CEITT D

4. T—H &5 LTI % 4. T—H &5 LTI %

5. #rra v, BREEEL TS 5. #ra v, BB EEZT 5
6. A ZET 5 6. RRFEET A LT D

7. FHMZE SN CERT D 7. FHUCEE SV TERT S

8. WMEHT, FMELT, 525 8. EHREMHET, FHMHLT, 525
1. BETOTSVTAREIVDZTIIITDTSY T4 ADEL

MT R —F A ANTEZNC LB, <BlpiEge > L<o o U= T U v TR RS > L CRLe Ay AR,

2. InrlIIUHEFLE STEM #F

AARDT v 77 I v THBEIZOWTIE, [/NFARE:
BT DR RS SoarErE, RBERRIEE ) % D
BRETB T T IV THECET ARG RE
DEMICE - T, ZOFKIVRIN T2, 2016 46
RizE iz DNEREMEC R T 270 7o I 7#
BOIED FIZHOWT GEmOI £L )] 12, 7'm
7T I THEE L, TENERT 2 —#HOiEE) %
FHTH72DIT, EOLX D REZOMEENKLETH
D, —O—ODFEIZKL LR TE., EDXLHITH
BEDETZHWNWNOMN, FEsOMAeEEE ED X 9Tk
FLTWTE, IV EXLAEESCT S O, E»
ST Z L ERBNICEZ TN 1) EFEEHbEnTn

5.

Il I I THBEORLNE LTIE, BMEHIIRZ
57U RNTY R ThH, ABRTrTTLESO>TND
EWNH TR, WMEMRHEIICT B ST AR B
TWHIXEKT A Z L ZFATIHDHIENTE DL L0
DT LEmMY, EERERL, FEETHENHI LN
RKOENTNWDEDTHSD. 727171, ZIITHEHE R
PE7ITCHRET 20O Tlde <, WEAEDFTERESSE
NENOREEIIS U TEDL>TLDHDHDTHD.

T I THEL, S0 STEM #E O practices,
TV TVUTT T T 4 AL ETHRMER L.
EWIHDIL, T T T I T T AL XL, hE
BWENXOEENH L. B P=T Y T
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IRTTIT 4 ATV & ZADOREGRE) [cHT-5.
COMBEEEBTATOIC, TSI AR TIRLEN
SIERT 5. BomX olan Z &b hiu, 7o
DEST-E B Z AT ANt bbb, il
BT ITHRERIVREN D DT, MEG#RY IR L TRIT
PERATAZLNTX S, ZH LTHEYOER, ALFE
BEF oo B S OMEE 2 Ek St 5. = v=7
VY TWIRT T 0T 4 ATW SRR ITIEE T A L
T, EBC TS0 7T AEENLTAHAT, iMlids. =
DEINCTa T ITIVTHEEITH)ZET, HEADD
DAV ERMU LI P=T Y TR T T 0T
4 ABRBRI SRS T ENAREE 72 5.

M. FEXOEGKHLGARE
REAVZEMBIREMIEIV] (2 BfD) Ik, #

FrOBERBAFEIC SN T, HERAICTF 5. 15 [R5y O

OMEL, LTDOL S THD.

K2 RRMEMHARMREVOREOHE

WEMNS 1

%13 [ | WFFERERRA~DT 70 —F — AKXS5D
AN T

%14 8] | B LWEERIZEE ~OxR (1)

%15 [\ | 5 LWERHE ~OxR (2)

= % NoR o o

FE | NSRBI ) 2 BRB L & /N
KERRLEE DRSS

F2E | AINFIRERRHR ¥R — AKXy - BRAPITO
WT

B3| INFAEREE ) 5 BRE O & BRR
BORES 1 —BRISONEDID

HAmE | BRI A~DT a0 —F — BIX4yD
NENS 1

5| BRI~ T a0 —F — BIX4yD
NZES 1T

el | BRI ~DT 7 u—F — BX4yD
WNED T

F Tl | HUsER OB (1) (BIFAE - MmaEsE
& D)

F8El | HusBH OB (2) (BlFAE - [MiEE
& D)

FOEl | HUsER OB (3) (FFFAE - MR
& D)

5510 18] | /INFRERBIEE (kT 2 B0 & ER
BORBEST — AXSZONEND

5511 8] | HFFERREARR~D T 7 0 —F — ARG D
NEMNS 1

%1218 | AFGERRER A~ T 7 —F — ARGy D

#5148, % 15 OFETIE, FLOWHEBHE~D
KIS EWND T LT, 2016 FFEENL TR T T I THE
R L7=NAEZ LY EIFT&E Vg, s oyv
THBEZ KT D8 - HELDV LT HORELTET
W5, SONY ® MESH (Av v =), =LF%v kD
PIECE (v —X), #&tt jigjp 12 & % Ichigodam
A F2Y ¥ L), TAMIYA ([CL D70/ T a0
R b, Makeblock £ mBot, LEGO D<A > K
A N—=L72 ENRENREDIEAH . b DH NG,
BIROMESE LT, HCTATOMIEENHHZ L,
PIRHS CIEA T 2REIC 272 2 &, AR08
VarPip THEIK 2 Ens, AREOHM L
LCiEmBot (B1) 25L& L7

1. mBot M4 R

<2016 FFE DO HGH >

2016 FEEIIZ AN 18 4V =D T, 3AE 17V
— 7L LC 6 BEfmAR T2 5506 L CU k.
2ESOFED 1EIBIE, Tl T I THEICS
WCORRZGRD -, BARIIIE, HERERES D%
H (55197 &) ISR sni7a s 0 7HEDZ &
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0 UNEARBEBEIC T D an BRI S S lENE, R
fRREENEDBR E 70 7T 2 v T HE T DA%
T COMgEaSBII Ll s, Tur73
VIHBR TS I ISR SN TER A
FATZD, FARILTHELESTZD L. £2, kD
R+ % mBot ™2 &2, Scratch2.0 H3D
mBlock 7 v /' Z I 7 — )L EIZOWTOFA G
i L7z,

2 [a B OfFFETIE, 2016 4EEEIZ1E, mBot 23K
72 oTelodd, = A SHc i /12 KE L C,
mBot6 52 E5 L THH-o72. £72, mBot DV
IZOWTh, #HEMET v 77 A THEBEL TS LD
RIEREDEMRT, V—2r v a v 72EmBLTHH-
T, mBot BNIEREICIUALZT-E 5, EHEOMEET-
E570 7T AEERTDHEZAETERERBIZFEL
FBRLCHbote. ¥R, PREGTIIEDL S22
Rl 7' 77 L U TEEEZID AILTOTZ 9 Dy,
BT 77307 EEETHETEEDL ST
BATLHONINWEEIDELVAR—FEE L TGRL
T, ZO2R0OREERVIESTH Lo,
<2017 HF-FE O HUH >

2016 FEEDHHLT, ZAEDOKILE LK<, 7ns T
VITHBEIZOWTOEMENRE D Z Enn, AL
(B) GREF 5 16H03058) DT H T mBot % 5 A
SHTHLHo., ZIUMEAIZEE TIHA L 2 5%
Mz <, Ait7HE LE.

2[E45 D 1 [H B Of231E, 2016 AEE L RIC L H o
077 THEOMEICOWTER AT Lz, BE
FEEICHNRT, Tal T 0 THBICOWTUIFAED
RHEL ERoTETWE=Z b0, diiId <
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BAZISTENEE & L TOERHRROESE
“INEREBRETOLOICY EFAESHET-

A ke
BRI KFHEZH

Development of science lessons as Japanese STEM education: Relating to

making learning materials in elementary science

Toshinobu Hatanaka

Faculty of Science, Toho University

Based on reviewing the articles related to STEM education in the U.S., observation of science lessons in 14
schools in the U.S., and analysis on STEM subject in elementary teacher preparation program in the university of
Arkansas, this paper clarified how engineering and technology are involved in science lessons. Considering these

aspects of STEM education and Japanese curriculum, outline of science lessons in elementary school, including

goals of lessons, are developed.

Key words : STEM education, U.S., engineering, technology, elementary science
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STEM IZHI1F5“Argument” 1
“Argument” in the STEM, II

5% &L
KAYANO Takahiro
FHEXZFHEFE
Faculty of Education, Shizuoka University

[ ] ZO#A, STEM BB T AN 00 Z N M TV T D208, STEM; Science,
Technology, Engineering and Mathematics (-5, T.%%, Hiff, #05%) {598 COREA2 8 D
DOIEEND 1 D12 Argument” [T DWW TDOEEE D HD. ARG ILZO“Argument” 12 A2 4 TT,
2018 £F 1 AICKY: 2~4 FEAEZRIR LU CHRELZFEEL B TR R 361T D85 5 - sk L1

I TORERRAEELDIHDTHS.

B2 A B DAL S R REE U C T L~V Sl VR BE R g AL 05 TR | 27—~ 12,
Argument Z LT IAATERERI) 7 07 T M2 R LT, S5l E O RF: 2 421, 271y MelE
U TR 7eiG i BeBA L, #60 Diim D ¥EL SERUISZ A ATZED A1 T-.

[F—TU—FK] STEM #E, Argument, &8 EHK, HHESME, KR4

I.[XC®IC

STEM; Science, Engineering, Technology, and
Mathematics (AFq Ci%, BH7, T8, ik, 2%
EOFECRET) &0 B CORMMIEEN 2OV
TIZ, Vasquiz 723 8practices ELTEEWD, FEN
LCu % (Technology M & 4 practices) (Vasquiz
fit 2013). & 1 1Z/RL7= STEM &43 371235155 8
practices 1%, “A Framework for K-12 Science
Education(NRC, 2012)” & “Common Core State
Standards(Common Core Standards Initiative,
2009)" &b LI ERLE LI L

WESE, ZNOEOI BRI EE T LD 7 & A
DIEENRENT=“Argument (F 1 P TTH—
TALEZF W) IR E Y T, WSO 04

TR LEMFE DA A 2 — % FlD T (FBE
2017). ZZTClX, STEM O THD TEE % 72%
ZEIEL, FREIR O E 2B E AT T B0
fEmm B TRENT, ko EEER AN S
2 a8 BB D TR0 EAE 95 12
WUAFTARENZE, T2, TRHRAORILEL B
FHTD ) [a o= —a iGN H M BT
— /L (Product) #3RD D |IEFN THHT —F 2 A
M, ROFEHFFEEEOH CThAH 3771
WO IZEFEL TV T, ZIWnbDHEE B D
PERIZ AT CRERRIE DLz,

F, FIRNASIHF R 2 FEALEIR Y ZIN
FURNFASIHRER 8 A (LA, HAREKEE
WEEE3%) Rt R E U= B - TaRICBE 3

®1 STINEDFIZHETLHEH

Practice Science Engineering Technology Mathematics
. . Make sence and problemes and
1 Ask questions. Define problems. Become aware of the web of . p
. . persevere in solving them.

technological systems on which

2 Develop and use model. Develop and use model. society depends. Model with mathematics.

3 Plan and carry out investigations. |Plan and carry out investigations. . Use appropriatetools strategically.
Lear how to use technologies as

. . they become available. =
4 Analyze and interpret data. Analyze and interpret data. Attend to precision.

Use mathematics and Use mathematics and

Recognaize the role that Reason abstractly and

computational thinking. computational thinking. technology plays in the quantitatively.
. . . advancement of science and Look for and maku use of

6 Construct explanations. Design solutions. engineering. structure.

Engage in argument from Engage in argument from X o Construct viable arguments and
7 . . Make informed decisions about . .

evidence. evidence. . ’ . . |critique the reasoning of others.

- N technology, given its relationship -

8 Obtain, evaluate and Obtain, evaluate and to society and the envioronment. Look for and express regularity

communicate information. communicate information.

repeated reasoning.
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T ) aP—x, BT =T Y b A ENET
AT T H#FATT BIDICAIONT IV T A, T T =
I TSN T\, 77 ) e o—iF, BEk7e 55T,
()« ZEMIO IR AR L, 535 7o ICTFAE L, SR HE
IKELCWA. T2 ) ad—DY AT LG, v P=7T )
TOT YA L EBROERTHD .73 .
EINTWD. £z, TOHEBE AT L~DEA
WZEIL T,

PR IR I Z Y EE) 0 & DD T VA 207 2 e 2
D —2 DR EEAT S DITEEL 0. KIS T BIREZLR
LT T2 B EE I S EE ORI 5. LD
> C BBl D RS BB EATAE LR ITHUIZR 5700

T2 1 P HEITIT SERRNL, AT, DI
BT SR AERI L TE THR H15 L D, BRI TRl
(2725720,

EIRRBENTWSE p73) . F/, N TIET 7/
nY—LT 7 AN TITU—DEFRE L
CUTOXE 7 bns.

TLSRIHNY T T, MG Y 7 Z R [
#  (Numeracy) D—gThHS & 7z bIIEFICHEY
T [HGHE) EIESEHA NI T, 72/ 22— (Z00 T
DIGHCPEFI FITAGE TH S L T4 152 TS, gV =
T3, FEEAGY T T G Y 7T = b [IAE
J02 5. FIEEF OB 2OV Y TDB S EEFIL, HEWIIZ T
22— ZOV TDIFIZ O35 017 T3l (p.74) .

INHDOEFRTIEL, A HD NGSSI\ZHoO7R 5 A
Framework for K-12 Science Education: Practices,
Crosscutting Concepts, and Core Ideas (NRC,
2012: LL'F, Framework ) \ZB\TAHT 7 /o —
DEFRE D, —BELTEY, T}AEICB T 25k
ST FOER L ITReD (B, 2012) Z & #fk
ABL2T TR 572000,

LLED 80 HARWIBADFLR A LD &, Z DRE
BRI =T Y o TR T A R
HEPBEOHEMEL L TEATIEARD -T2
EWIHGLINTH D, Flooo =T V7N )
FREBLUTTIERL, 77 / uo—0iE0HhE
fTLCELNTCWZZ VD, BHARE (387
0,77 av— Hil) BEFE L THFAELT
ZIRMD T, BEERDOVENENZ Z T
oL d Z &7z o7z F12, BEADLHFIZ O
T, L7 a2 —REFIHT 50, BEFO 2 —X

[ZHERDIAEN DN END 2DODT AT TN, 2D
FRS OREN TV & bR ST,

INHLDOIENLEZ LNAHEGRE LT, LV
PLaioRHRIZ b Educating Americans 737~ L7= &
VIRTATTIVRENTWNWSHZ L L6 STEM D
BHRICE D ETOEZIT, 2D Difam HEF
ENTZTHAD EVH ZENEZLN, LITEIZ
A 2 foel 7.

2. SEEFLHZ STEM OB ETOREIF SR
=

PIREDRHROWiE < &, 1980 441 2I,
AAAS 78 Project 2061 Zffis (1985) L, ZD%H
—BEDE LsHE LT Saence for All Americans
(AAAS, 1989; LL T SFAA/#R: Flify 5, 2005) % AE
L. £z, Fnae b &1 90 FERITIX
Benchmarks for Science Literacy (1993; VL T
Benchmark) H{IZH S0, BT 1996 #1213
National Science Fducation Standards (NRC,
1996; LLT NSES/ FREDN - AEET - FHR, 2000)
MERR S TND, 2D 3 OOCHRIZIE, =
=T TReT s ) uP— BT DR
AR = RKPREENTEY, NAE (2010) <°
Bybee (2010) [FBEIZZNZFELDTNS. LLT
T, 2O LEICE DD B EORN G,
L7 Y 2 F LT,

a. AAAS [Z& % Project 2061 ~O#ET

D. SUATIXED & 5 ITkbh T H
FT X COD SAA T, 5F 3T [HfroKR
B BBHY,ZDINT, 2= Y 23, F
FHIRGE & BT & 7 OO0, -l - 2
=T T DREIIIEZED FTOT S T
b5 (AAAS, 1989, pp. 40-41) £ LTW5. Zh
51E, STEM ORHRIC b=y =7 U v 7 OfEE
CLTHRFAEINTVWET A RO E
(Constraints) 73 Z DS THTHONTUNNZZ
LEIRLTWA.

£z, ZDRFEEIIFIFZTH S EalflcT
=TIl B ONE L D RITEE T T
S (HAKFER: p30) DB H
Framework |23} % Practices D%z )7 (Bybee,
2011) DIEMNEEICZ 2RO, £, 7
NRCDT 2 /2 =Tz F 5 OBIZIELH]
# (Control) DAE & LT, EsnHi5 > HifF+
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SHIG2 & DIFIREHHE L, I a 775 = &
kS (BARGENR p32) . LTk, 2oL
7oRtikix NGSS (2B S . (Optimize) @
PSS, E D SETHASNIZbDLIRA D 2 &
MTELD.
E7e, SAA \ZITEENEE DRLEETHON TS,
BIEDH SET OB, LT D X 9 705tib 23 5.
FIFHG Y 7 5 o= 1) 5 KEREZD AIEL, PFED
RSB, T B LT ERE DD B EEFETITL

OTELTES D THS. LN LIS, BT LITUIT

F Lo TELT, KUBETRD TS L 5%
BB 15 AR D S PR L 1) 5 BLSIZHRS L TR
UL EBITBIEE SR THS. LT, T rics
F 2061 1L F#HEST 360 THS

& LT, KPR ZRNER 7 1 7T 2R0F DR
YEDHENT, 7 A U B K E = B H OIREFLE,
TR COIR, BERNIRE AT B0
&, BUREE O E SO 28T 5720 D&
BRE, BB N OE N 2 BT 5 T iEE
WHEFTHZEREZREEL NS (BIFS,
2005) .

ZIO LT EiE, AAAS I Ko TEE XN
Project2061 [ 2[R 53, NSTA 0% OB T H £
FHE OUUEZ O AR Ko T, [RIREICHE
SNREINTW=ZETHD (Hitk, 1991) .

2. Project2061 /¥ /LTiZED X 5 2@ R
Sy Wi
AAAS 1, [7] Project2061 OB LT, =
D SAA L & HIT 5 DD/ RNV DOHREEZ[FRRHT
TERLL TV D, Z3UL, LFR4A DI D72 DT
HD.

INHDH L, V=T U T O R
T 5L Bbhs ey - FRly - = o=
7 U7 (Buglarello ©,1988) & 77 /n
P—] (Johnson, 1989) D/ /VEELE TN
FNBRTHE, LLTFTOX )72 Lo TE
7z.

F4 AAAS(Z & D Project2061 E—ERRE, I LERESE

- R - R RV

B RV E

R R - T DT ) LSRR E

- HERRE - ATEIRRE SRR

N /A=A Y)Y = 3

ZIHITERS (2005) FRICHK > TV A28, 15 - Hifli
WL, oo =T VT T ) o—0REIIAER L THD.

F P MEEOX A MLERTHHD L DI,
PIPEFLT: « [FHREVT: « =2 =T Y 2 )R—>
IZF & OO SR K > TEDNT S L
T2 — DREIUT L o TENT RS E
LR ENTEY, 77 ) ao—4&—D04E
L LTCHIERND DT, o= 7
R, B - AT GEAEIE B D,
ZORESTH 17 BB O 72 0 Offim
DI -T2 E 2 Hh. BRI ENE
NOPEZEOTIREZ BTN &, Wt - FHe
e V=T Y NI E LD BN R
IWREEIZBUWT, 4 H OIS O A b E
R RN ER SN TCNAD Z ENRWEENT-. F
T, =T U TR AR S L,
I T YN Lo THEL ISV DN (How)
Z LTt (Why) BSRE L, N T3 RET 3 D0
VN CDII 4, R DE B HZ 1T & > T DI
D BTSN Lo TIES AT B 32 0 T < 7o
DITIFEIETH S. 145 DB/, (. L2+ —, filild, # L T
TG T, T2 = F DI I > THES 557
115, ZRIE1F TR, BRFHEE L, N TH)FENET 376
12, ZFE TICR S ARIBERIZ L > CE =T V2298
Fe 4 (ZHRIET-BIEIZ 0TI, Fe 1l DEE L, AN
AT BHE LIIHEF e DAETFONM IES 7] 2 7
Fo o DED 1T A THOREFAR VRS, L7755 C, 48D
HETF S, = =T Y T DRE it £ L GBS
VO TDFHiES, 2 1350841 T S b DD, AR
DNFEBE L C AT B85 h S () .

L LTERY, 0 FEMRFEEITITRAER & L OURS
NERNBENSTe LA, K0 ARERRE Sy % ihef-d
HEBL o> TNAD.

F7, FHEECBW b Tnb o v=
TV T OEEIZOWTI,

"doing saence”® 3V WAFH ox =7 Y 2 DS
I FE BRI B 7o T, BB L IED 171220 T
ENT E, BB BTN OV THEST EiL
FHHR 2 O8I ThH S B L IEDHT 0", FEED
FHC A CEEICEE DM L) .

LW RENDH D, ZNHDH B, BT IUTD
WL, BIEEL E 206N TERBY, T4
ISk TEREN D 2 L, EFE-HEETOHRD
SRR YA - T T 4w 7 - Y

(A —T o FEIE T SN
HER), B DUWNFEFERFRBL R Ea & LT,
TN ELITEEDLEDO—HDY —ILThbH &
EFROITTND.
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F72,5HDSTEM Zfta LT EWVnH 7T A
T TN DR AR EEITIT RSN,

YEEFIZRONFIREFF | TP =T Y 2 D7
13, BBV NIFIDITE A7 7 o > 21> THEI b
Tl LTD, LIF L1970 TIREFNZ T S 5.
FAT TR AT —DIRIT, BT, 550 IHFRDE s 7%
F7EDITIEDI, & L TP 2T FEDF T I T ZHTRN
THYEAEGET B 72 DICIEPN S Sl T s, Lo T
AT L =T Y DS LT (bBVT
FORIDIET) FIENI0 TEFLN S E TH S,

Z ) LA M 77T 7 ua—F (Integrative
Approach) (ZOWTOFEmAN R E > T — 2D
L LT, 23V ClY, Common Themes and
General Concepts L BESIVTCERH Y, Z 2 Tk
MmN EE, SAA D Common Themes D
WO B L & BT, %O mE IR P A

(Cross-cutting Concepts ) (22072135 L D%
<HBNDE L BT, BIDEBEIINDENIIRR S
NTWESRDL WS OMRD Z ENRTE D, i
ITBNIZITERS DL H 72D THS.

=5 YEERE-EEREE-ILOZTUVID
INRIVTERSNEET S ERE E —RBEES

HETHEE

YYE Materials + = F/L- % —Energy * 1&# Information

AT I Systems

— A7

ST equilibrium « FFFER Time rate « £%+4 Conservation

PR Efficacy + ANiESE: Uncertainty - f&# Risk

e xIRh R Costreffectiveness
ZAUTHOWTCRI SR,

BPERIS - [FIRESS - T =T Y T L X K
T Y —DFFETHZ D E 9 5 X213, 26 DHF
DETORYENIZHT T SRS T — Iz S TE 2 &
(Lo TREES RS, LIZ LI, P - [F3RFF, €L CT
=T Y DR CFE T B B ek & L
" I LB R IEDFIEH ST F T T 5. FE,
(IR e L 72 7 7' —F~DfEE L ¢ T
=T N TR S T DRI G A 5e ik T 2E
DT —~ MR & E A 5 DIty 22 FH S
Bl S EBRICESRZ LTS ETHZ S = L& HmirZ &
ATES (p12) .

LFELDHTNA.

F 7z, RSV EIZIE, 23S REEAETY
TeMES D FERIZ, WEER Y (B - b, HEK -
B - KB - EEE e v =T v
T OHEEB LT, BADHEDTEXDERD

& (Key Concepts) 2VRSILCED, ZDHH
V=T VT ONWTE, LR 6ICHD L

) 72 8 OMMZET B, FIEIVSRMN LD A A

VB ENRTWD. 228, ZOREETE 9%
R DRERITHGE CR SN TR LT, RFD LD
V2, B> TNV,

£6 IUUZTULIDRELDER

1. = V=7V FOERERERIE, 70y =7 Mgl
L, EHY HRE/TH .

2. BTV RN D Z LITRDRBEE  fRRRE D
HLOEEE L L, TE AR 2 b 28l L - T
3.

3. BTCOTHA L BDHVNIV AT AFEELRD, Th
DI SN, BEIZANONDRETH 5.

4. by, EEO L & CREICHT 55 0 1555
OIRFRZEFRIEL L D & T2H0 A THD.

5. THANL, V=TV TOELIRDIBETH
2.

6. TNENOTVA IRIWERZR> T\ 5.

7. THA AL TR SN AT, NRBIZ X5
TR LB Z 2R TE v, 2o, #ET
5 ECOBE AT UAERE VLTS,

8. FLI=bI, M, = =7V VY ORBEVICK
A iudrie . < OFRLE, AT AR
TOBERTRZ 5. 2, B AT AsSh, B
BENTHELDTHATH, B TOVAT AT
155%.

bl
FETEERSENFIZAELED B T T 5 DR B OK i 7 175
T EIFTERNE TINS5 &b, b SE/EITHEE
L, BT SIS EFFONE, FIEFIC T B e BHES T
oXs)
EENTWD, ZNODLETHY Y F2 FAICE
FABVRXPELTERIATOSHTIEZ0
&S, BRIk & e MR AR LT,
JNDT-DTHHLDELTIADIENTED
(p.20) . 2561, NGSSIZE51F 5 8Practices X°
Engineering Design (AppendixI) & H75F58 9 5.
Wiz, = =7 U TN OWTE, Bl
DL,
EROHBEFRUL, = V=T U L Y ORE, ik F LT
OV T ORYRZ, B & 1355 STV 5 b oo,
IZBMRDTF T & U C R o BN B 5 (p7) .
LWV D IO, Bl L EBAC BT T IEE & L
T, 72 LR S IR T D R H D &
IR E E DI, LD L S 75tk s 5.
AT 27 2 (manmade system) ZAIY 723BRIC, =
V=T Y v TR < AR LR U BT —~ O
WD . T~ IR, WE - =X — - R AT
LTHY, WS & LT, WA - REER - R4 - fakk -
T LTI ETh 5. BUAITIERE LA LT D
NEL. ZORARDENT, =0 V=T RNERE IR
LEDELTWDENNIHD.
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ZABIE, AR O3 5 R 2R
HEHoTC, =T VSO EEERLE D
ELTEBY,5HD NGSSIZHITH 3D FEET
/L (DCIs » CCCs » SEPs) Dl gz 5 &
HTE L.

BRI, o P=T ) IReT s ) aP—D5E
FAZOWTH, 5 HD Framework <> NGSS1ZH
TDERICOBNDLERERDHZ LINTED.

VR H o2 ) T ) a =D d N IO, 1K
FRBTREF AN =TV A & LT B sk co=
YI=T ) 7 OlER R NIRRT (p50) .

Z0 0T, HAHRER O =T ) 70, iaEL

TR, 7 U CRISEOMRN A L 0 BT Hhvs
ZAEINEE b UCRAE LT, ZAUT, B s g @ & L
DHNBCH Y, EI- AN THEIEY HUEBET S, H 50
R HINT 7 ) B P— LI TN — B R 22 518
FCho. oo V=T U L 2%, S OER~DFILEF UL,
FU)aV— L ORERE S TVDHERDERTES
(p56) .

ZITE, T a o—m HIY Ry el &
LTCHETTRL, BREOL I I —ERELTH
Wi, ooo=T )V IOEWE L TEELT
BV, ZORAED TS,

O LRl n, SHAA TR E T B
Project2061 D —EXPEIZI1T 5/ S0 LD T
b= T U IR RN TEY, 80
FARWIFED I 8 - TS0 DN T I, ik
BT DHELBITAHOHRIZA LN D L9 7okt
BT D FENHMEIC RN TEX 22 &390
5.

— )5, T 7 ) a =D VIREETIL, BRI
T ) — i, T b B EIROAREIZ Y
-5EmE L bl = =7 ) T ONTD
F U SN Ny (S NVAYAS: ViV na= NG % g byl 113 VAT = &
BRI ) 7 F o —ORTNT 7 ) v o—DkkE
REZTHDID. EWV) DO THY, [AfEED
1 ClE, STEM ORHRICBIT AT 7/ ro—L =
=T U T OREIRMNEIEL TV D, B2,
PIFD X S 725tah TH 5.

F 1 | E R AR A, N IDRES AT
BIODHH, I, F L CRFADBH Th S, 72 /12
S I DB o TR S EINS 05 FAUT s
DRYZ DHZANDIEEIZ S > TSI T 3. U, F
LRI o THIE S, T2 P=T U 2 DT
(2> THESILS. 2, FWE EBEE > TERES
F1, FIER DI > TREFL L, FERIC J > TERES I,

HHENS. L L, FRTIFEAUTR R T AIZSTO0000 D

BIZA DiAE, LIL UL TS 000 55 TES DEEE D
5L T3,

WL LTz o=T ) 7L IgREE LT
OF T )maT—EuWH STEM DR DR

(Framework, 2012) 1%, = 9 Li=itab & —E L
DY, BMEICZ D 2 52 XAIL T\, —7,
FIpUNAYAS: VI NRUE /2SR pL 23 g iV - X =)
HTNDDIZH L, ZH LD/ SRV, fFRkD S
VX 27 LONEEBETHZ ERE—DOFET
THoT2,Z0tab T LY E2H > TSTM (Y4
FRHITZ# L - TSM) ZfAa LT\ EWVWH4H
DT AT TR R o, Bz i,
Section2 ? Technology and Education |27~ Sz
DFDE 72t D THS.

T P—DEEIT, FIEAE L, 5 H O -
GOY Y F 2 FADPITIEE A ER HALDELS O]
BV LS U INE T2 11 =KD « 18D
70 T ADHNT ST B REDPEIRET DL A5
BAGD S NEEEER TS,

T 0= DEE I A, T = 2 BB,
AL 2OFHTENTELENB Y U F 2 FANEHETS
BERFAIT B L & BIC, F—LT 7 —F > T DFYH &R
Tb LIVRU FIEELHEH, 72 0 0 P— Dl E 2 O
Bz PERET 5 7201 HETH .

Zo Lt E D L, 77 s uo—m R
Pormt SRE LTIRAD E &b, = v=
TV TRl LTIRA DS HOERIZED
HHERE L STNDEZANRDH Y, NGSS DEF
MHTHETEEN, ZOT 7 ) al—D/x)L
TIHEHS TV,

Z D X 912 Project2061 DFE—BMIZI51T 5 2
ODDNRFNVDFLIRE BTN &, ZORFAT
Framework <° NGSS\Z D703 DRtk Ao 5
HOD, I BAREESDEMEIITEL 2o T2k
SR CHULA.

7283, SAA DVERIZ Y72~ C,

PAKFIELNH BT, [ 6515 FJFEHEDOHT, 74
I MIFEEHHET S F TIZEDL 5 0FVF, B, 72/
7 —(ZBGER L7 Al 18558, A DB E (1T B~
G S INTHT B EIE S KD S, (AAGERR, p.10)

Z DORAVZDL YT,

)00 E 2 BHBIRFETTE, I RIIIZ P75 T
X F=2 FA BEFIE FHBRICHAANSN TS DT
BHoTh, 1BEICITZNF—LIEBIHNAARAA TILZE
Z20 (HASERR, p.10)
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EWVVI T ETIRFI SN2 E B2 E, &
PRIV B ORI L - T EFLO X 95 7o
ELEENIE ST LN Z LT DD, EDONE
13 80 AEARAT-Digm & 2 U Ll > T 5.

E
Bl B T n O — RIS AR L
BT B LVD, ZOFREIUZNT, brirb
ARCTHB0DL 5 IZ[AEED G EZHRL L 5 & L TR
570 (AASER, p.10)
E Vo T B [FAERC SAATERL EDSAT: & LTNL
EDTHITEY, F0BOEEZBIE LRWE
BNIR L6 b, FEERICIX Z OREED BRSO
HFICHELSEHASNTELLERDZENTEL
7.

7%, ABIRHC, W - FHETY, KO Y=
TV T DORFIVAREEITBW T, %D NGSSIZ
BT 2% Crosscutting Concepts (2272435 [H 5
DHRFAIGET A (SAA Cl3dhEDE
& Common Themes) 7MLt THH (H 2|§§
W p123) , = o=7 U 7 OMEES L IITEE
N2 Z L3, 4 H D STEM HE i s O %
ﬂééifﬁﬁ’ﬁéﬁﬁkbfﬁwﬁémn
HIZIL, 20T NGSSI\ZBIT %5 3D 8+E
IVD— DD NI D/ H o T 2:%%
Z LINTE,STEM HEWHEIZIIT 5 AAAS 0%
? Project2061 DN E Al 2 M H HTZAH
50,

3). Benchmarks for Science Literacy Mg

SAAITHRENT AAAS DFAT LT F~—7
Td 5 Benchmarks for Science Literacy (1993; LA
. Benchmarks) 1%, SAA |25 S8 TR E
= D723, Project2061 12 11) DRMED EF &
{ToTN5.

Project2061 12550 T3, THIZ DFBIEHd &5 & 2513
EAFIE, HRFIFIZI51T 5 EREFIT: IS, Hhdes -
IHREF L T P=T Yl ns— ZLTF
DHLBHFTH S, T2 b, 2IEE L TOFIFEE V) 5 EAHE

LTINS, ZDRGEE R SHEE L CHARSE LT
=S (Ideas) *7%E) (Practices) 14, 1512 B0

17680 TNSEN S ZETHD. FHxld, EIENDEED

VDN EGEESILT 5 E S ITHI TOENEITIE TYR
VDOTHS (AAAS, 1993, pp. 321-322) .

Z DX D7 Benchmarks Oitihx 7.5 &,
AAAS [ZBWClET 7 /nyo—btxzo =7
YD TR o—ERE LTI BN

bY, ZOHME  TRbbLHABEORGE LTET
7/ a /“—@n T%naéﬂ“(b\ﬁ_g kﬁ’: ZT
H R THN .

FZULEDZ 9 Lz AAAS I2Fob bt %
B2 L, 20 Z AIZiE STEM OB AN AN
HBEHERT END T AT TIIML STV
DERDTRTERDZ ENTE X H . EHE,
STEM & [FERICIE EIZHEDONTWZFETH D
SMET Z#FIH U728 EEE, 1990 AT 38E
LTT*waﬁ;(DAHMmaagJﬂn).

b. National Science Education Standards

T, NSESIZH1T A5tk 2 T &, Bl
LT ) —OAEK IR L, VU - A
DT 7 ) a—0DT WA O I ~D B
LHENERDORETHDHEEINTEY, FE ~
=7 V7L, NSES D% < OFEHNZFNT
ﬁ‘éh“(b V% (NRC, 1996: p.107, 135, 161, 166,

90) . ZNHDOHIZIT, FEE (constraints) % FF
Oﬁﬁﬁ#ﬂ%%@T WA (Deszgmnga Solution
Grades K-4, NSES: p.135) %%, S/4A 7°5 NGSS

(Appendix I) % i LTTéﬂTWéT/]’TT
BIRERIZE TS,

NAE (2010) (ZXiud, Ziuoid, BHAR7ZRTE
BT Hr =7V T OEE|OEFERN R
BT R LTINS, =P =71 /7
DEBEMZRD D EEREB LTINS, iz
M%BLiuT@ioﬁiﬁKpﬁi&ﬁﬁ@X
2 57— N (Science & Technology Standards )
DHEEMDRIITND.

ZDRE 2 S0— NI ZODE  HERFGEEA T
B. THUL JIE « LEDRIITT VA > DFE TS =
& &, E - LREDFIFE BN T S PR S P75 = &
Thd. ZHOIIFFHBDR S 25— FTh B I FI ot
ﬁﬁf%ﬁﬁi&%ﬁowfwﬁﬁ%ﬁﬁhbfwﬂﬁéﬁ
PO & B A LTI FOMGEE R B 755 5IFE 12T
BHERLOTHS (190) .

I L7-itd & 7.5 &, NSES Oitakidn g v

STS DFBEZT NS S, THA e DOEE
el LTER L QW= E¥3mmb. ZoF
FEHEMDOA R B — R, HEHEE L TORFD
X2 47— N (Sclence as Inquiry Standards ; ¥)
BB, BBy, HiER - TR A2 24— R)
EAFHINZALE S, AT O XL 9 Zeiili7e ST
W5,

55



56

FCSIZHITBFIFEE 72 ) 7P —DR & 55— NE FSR
E T X MIRE DO EREL L, BEIEDRE
&R T SR L & HIZITE - AREICHEIES LS. 2 b
VL, T2 =B DT DD RS S — NTIER T LA,
TABITT I DM o S RET) &, FIEDE A L F D
FL T P NDEEIRDIRI D 1200 T ORI 2 EBNF
ZHEh T 3.

HRIEL L COFIFDR K 2 50— FICE O THIEI S HE
DR E LT, ZE DRI 25— NI, [ FE Lab~
BEET, (2R P, YRZ EFREDHrEGATE) ks
P 2T BHET, fERR & T L, 75 RET e 75
Z L@l - AR O TS,

L L COFIFAL, 7y > d L ToT 2 m =t
1FCh 3. b LORS S Fb, Y - ORI
BT TUB. BEFREDPIF~DL 0 14, T H D71
T TARE L — NIZH N 54T0 S (pp106-107) .

Z 9 Lzrtika RD &, NSESTY, BEICfooF}
FEWHNTAE~ B0, RIS TND L9
R Z2 5. 77T iE, NGSS @ it b i
Benchmarks=° NSES|\ZE\T 554E 2 L itk %
ENLK WKL TWADE WD VA EE
5. 5k, FGERE & L GEZRRESND NI AR
T b, £, b T/E STEM ZEWHEICI W
THIREIZ E DA S D 2 LTl o T=m, HIZ
AB B — NI SNH LU OB H -7
HLDOEEZ BN, LT 3. TIORICHOWTIIHR
RERAY
c.  Technology for All Project & Engineering

PIED X 91z, 8090 FARIZHBIT HE T~
— I RAZ L — RIE, = =T ) T O
EREZ G A T2 ENpinD. — T, The
International Technology Educators Association

(ITEA/EAE 1T ITEEA (22 FR@) 1, 2=
Standards for Technological Literacy: Content for
the Study of Technology (2000/2005/2007) % (1
L TWD, ZIVHDAR X — ROBEER D
—D L LT, 2 =T VT A OBERIC
KE721FH Z@EVWTE D, National Academy of
Engineering 7>5 O5fi# & & H1Z, NRC O
RLE2—CZDRERL LTOHRELZRRLT
WBHEWS DR H S (Bybee, 2011) . BifiRD
SIAA \Z[ANT To "RV L Rk, = =71
T EERHEC T 7 ) a Y —ix o O R A A
HLTRLY, ZZ 3z y=7) v 7Daia
=T 4 bk L TR TE =L 972 Zm 2o
DOFEAUL, 2000 FLUFEIZ/2 D, —DIZEEHZ &

(g o7z EHERICE 5 (ITEEA OSLIE 2010
) .
NS, ==V IRk 77

0 — DM THOI TR 1D HK
ThY, T /)ad—Da—2A%xRAHZ L EEk
DOFEEFEHL L TODDIE, 12 MOHRTH Y

(Dugger, 2007) , ML TIET 7 7 o o—n
BETH-20, BIEOH 52N 24 LT
LHEFINAONDERECTH-72)  (Smith #d%,
2015 A 2 B 2—) fEiFE LT, A
LB EF DI ERT LM FE T, ZOfRES
NS EDTESERHE LI THoED.,
R B EENSDIEH RO T E

(NAE, 2010) Z &725, Z 9 L7ZitiRCsEE S
BT 5.

3. LW E [IHFHEREICHAATN A
ZIDBlE, U EOBERRE R EZ T T, W

W=7 Y 7% STEM #E iz ieu
THH SN ZER L TN, 22T, 77
v a 7T o ORLRITR Y, O STEM B #8hK

(Bt B) &, STEM #EO—EME (G A &
WD 2ODBEMG, BEY A~ ITEZDTE
Tima D 5.

a  75¥ STEMZEmERD

FIBM L7 RO — I, Rising Above The

Gathering Storm: Energizing and Employing
America for a Brghter FEeonomic Future

( Committee on Prospering in the Global
Economy of the 21st Century: An Agenda for
American Science and Technology, National
Academy of Sciences, National Academy of
Engineering, Institute of Medicine, 2007, LA F
Rising Above) T 5. ZDOLEZRBWY, 77V
a 77 VAR, STEM ZHDE L, +Ebeb
~OHEEOMENEIN TS &, i
STEM ZHfi D BERUZHWT, B2 5 LTz
%, BEIZRDFAITH L, 8 H D VITREF4E
% X¥E4 %7 v/ A% National Council for
STEM Education 23&ph7 252 &, ZLTZH L
72213 Dual Enrolment Program & 745 =
L1272 % L) National Academies (National
Academy of Sciences, National Academy of
Engineering, % L C National Institute of Medicine)
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DEBNHST2EDT I v a 7T Otk
&% (NSB,2007:p.21, 31) . Roehrig & (2017)
%, LA, 2HHO3EEE STEM #0E Ot &
L ORLTWA.

Z 2T, AT Z 0 SCE) S STEM BT
HZBIT A =T ) T ORI ONTHE
LT Z ke LT

T a7 T AT K UR, BTk D E
DFFRMENELT TND Z & T, HlsiDZET Tk
BAINE DB DT-OITH4 L, T AT
5 EEFIRL TS (NSB, 2007: p5) &Vho
722 EDENE BOBEH & U ORIV D, [AlER
\Z Rising Above Cl% PISA2003 ORI EE DT
A MERESB LN D,

T X Y I DIEEFDEESIZ NG (T2 a2

Flpd) L7EDRST, TX YN FIE B, €L
THEAIZ O THINZ 527035750, BEICF 7 65
RO < Tl & R L L ZREFIZ IS0 TH N Rl &
RO VRS 5. (Rising Above, p.94) .
Loz Z &% STEM HBETCEOIRMLE LT3
TS, BARICIE, TANVT R, 740 T
R, HE, 4> FETHY, 295 LIk EoR L L
TOMmE S, 80 FARLIFIH—H LT\ 5. 504
R 60 AR, A7 — b= « V3 v I O
HLH Y, Ve NERRZOXNGTH Y, 80 H4X
MIRFOARE SN AFFEIZHE A, 18 FA 2, F K,
BLOPe 7 &7z (Mulligan Jr. 1983: p.60;
NSB, 1984: p.53) , Z®itikiE DeBoer (2006)
IZH AL Z ENRTE D, [FAREIZ, STEM DOREFRIZ
BT, #E7DY GNP ~_— 2 THEZ B RN
722 &, A v ROHESED B KEN R THFALEHL
STANEREOFAEN, AEIF> CTEOEEZE £
HTND WD BIZEEFFRZ HiEE (Before It's
Too Late, 2000; Science & Engineering Indicator,
2004) 1L, BOEORE RS &b 7207 (Rising
Above, 2007) ®. Rising Above | %, BEAFD CESCIE
FOREZOENEZ L Ea— LN D, “Mik
[E D111 k&\fﬁ%@%éﬁf’fﬁﬁﬁb e
O 57 6 BB OFE & LT K12 OFMEE L HEED
HBE &N [ L&, T AU BOFRET —/L %
T 72D, B 1 T ANOEEN AT 52 & T,
1 ?E@ﬁﬁu%"‘f% EEFTFTTND 2oL
7= Rising Above DRt iZi3Z < OSCHRAESS- L
TWDN, AT TITBEWE AU TRV, STRTED

\ZFED—H & LT, Rising Above MNEIES M LT
WAHHLDERT. 723, STEM ZE &KL DFEREIC
DT, Bl 100Kinl0 DFERES A5, B 5
TNV CH D (FEHE, 2017) .

b. Speak ZIAID AR 2 F— KO EHRTE

LTLsh

— 5, STEM #F O—E&M: (g A) 122\,
Tovar7Ty (2007) MHHREINLD ST
H2HH, STEM OWNF AR o H— RESLOFRHLE
LT, Speak 74 (2007) 2mEINTWDHZ EIX
FATRRIEIC N T bR LC & 72 (B - B
2016) . Z b, 2T AR A S ST
STEM #HEUWHEIZBITHE 5 —2>DERTH D
WETA K74 L DORIFRIZOVWTR TN Z &
95,

FEmMINDE o C, Speak K\ZIL, = =T7Y
VT ARE K — ROBYLE 720 S BHECARIE AR
ST ZONIEE

Kindergarten 706 12 ZFEET (K'12) &0 5—7 2505
THISHI: T X J D EEDEF & FLAAZBIT SRR 5
= FEEID, TR, T 5750, /=T 5 LERXAS
— NICH LTI - A3 = F TR TO B0 37
GBI, BBV NIMD HHID =0
DHLDOTHoT-. TOWNEEERNTHELTOX
N2 D.

Bl EREFDPFER K 50— Fasitided L TiHs.
T2 (Findings) &) 5755 0,824 50 LILEDH
RB K= RS & CHPRFIEDFETENEE IS
DU, K& 2020 \ Do BRI, X5 50— F, N2 T
v —ZEEL TUH 3.
ZHUE Lo T, BETARAES ES, F Eb TE BAERINC,
BBV NIENIZI T, ZDalts & HEE L T 05z
EEOFIEZER TN B INEOUNT, FELINE ST 5
TEFHELS oo T,
NAEPF S 0CE | Reading & Mathematics /2 Science
FB0
NAEP #2t#422¢IF L, Secretary DiEZ% Secretary of
Education (HABEERE) &79°25.
Speake 5D FEZ) 5 B 3 E LI M E S
(Assessment Board) 14, %5 « BIAIZ507 5%@%? iz
DNEER K 2 50— NEFID « FRIH LRITEUIZR 5720,
FHZEERDWNIEA S 2 50— NEERI L THo,12 A
LINIZ, B4R B L, American Standards Incentive
Fund Z/HE L, 75 L2 iUI7R 6200 9,

ZIBDFLRING, KERT 7 a 77 0T

B DHEETNEEHE A B T X2T5HZ LTk
WENTZ L Lo, #EIMIC LD STEM
BEUEED, BINFRET, D7 & bR L5
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DAL o H— FYER OV TIx STEM S8 0—&
PRIZFGTHZENERESNTZZ EN I DDA
H—HC, T/ aY— e V=T Y 7D
WTOFERIE, [FVEICIER BTz, Blligr
SPOBIIREN S -T2 b D & BT, FHE A D
7z

c. IVPZ=FYUIEBATSHT7IA—F

2DV -—E D&

9 LT=ERRED—2>ORHILEZ 7~ 30k &
LT V=T U TONKAR L H— RO
IO W Tikam L 7= Standards for K-12
Engineering Education? ( Committee on
Standards for K-12 Engineering Education;
National Academy of Engineering, 2010; AT, /s
ZENAE) EBESNTENRH D, ZITE,

NG L =Dl KR Z 5075 K12 LD 2=
T Y T EE DR S 25— N E [ LTS5
TR & T TRIGEME G 95 = & Th oz FEEIE, T2
=T Y ZIZ0o0T K12 DJEEE - AGED 10, (193 T
EBLNIRENRE THENEEZET SEAFDIR D FAIZ
DINVTLE=2—LTWd. EE MOGEIZEITS K12 DE
B DB R 5 25— Nl & T D0 T DL
G L, BET7OD K12 DRI, 55, 72/ 25 —D RS 4
— RX G TP =T D A RE e SR B i T
B & REIC, Few R BRSSO K12 DT =T )22

BN INTR 5 2 88— RO & BRI T3 075
BT L ER ok

VLRI AR 35075 STEM O E 13FEEHN LA HE
ThHo LdL, L7l edsst 2 #ET ThS-EDHR D #H
BINT =T Y DS K12 DY - LRI
DN TNB, S DL S5 RBIR, Z DIEDE BB S X
K ST — NOEY, L CEERT 2 r 2 —aH 5 21
ICF1F SAETEE GHBID /= DITIEET - AfEZ 08 D FSEF
JETEDNE IR T EET DL, K12 D=7
TEEDDD RS 2 50— FOREEE L Z Dl H 9
B EITEFHITH B,

DA ETICT 2P =7 U 2 21 T3 E AL T
5 K12 DIFE « A7EITAD2007300356 iz ke TE Y, IRE
FU TN B P8 & F BAHUZ L > T, TP =T Y22
HENT =T Y IR0F s 1 P— DR ] [ S
BIEVTTRS, IR E WY L, FrF oA D FE &0 L35
S EDMES TS (1R, 2010) .

FOFRLBNAOND. NEZEO—ANTh-oTz
Bybee (2010) 1%, AREZF~OFRDOH T, 70
H0D Engineering Concepts Curriculum Project
<>, National Academy of Engineering @ K-12
Engineering Education %% 5| X &5WICH L, A<
RNIAN SN [FXKNIEHI R EE L RS B

— FERZHERT 2o DEIE L TV A28, FEES
W=7 U T ERD ANAIZEST-BLH
1L, ZORER TR S SEERAREHL S Th 5
L (#BR) 2B E ORX L H— RIERRIC R
T 2 against’ DE R bR IND 72 E, EELR
ELTEBMICTRIEEZIREL LD & LTV,
i e LG /AN RIIZ o Tho= =T U v
T DAL H— ROV ZSR L, LD X 572
B 2R T 5.

K12 DTHERED/EODI K 25— NEET5 2 2%,
FHEAHN 1T FIRE Tob 3703, FDEHE S B12975 E R 2R
T8 &I BBHEEL VO TH A 5. Z Diganid, LLFOL 57
FIRIE o THEIFS TG, (1) HKEDTL A K Y — -
TN —DFRIZ IS K12 DT =T o
(CF50 T, IR O = FHI Lok = &, (2) Bl
TlET =T Y o P HE & FEh T 5122 e B DEE
VDRV &, (8) B E MOBFHF517 83X 5>
K= RN X DI E AN 51T 5 G T, EH722 6 D Tl
RN &, (@) SERICH L ABELEFD /=D DIEFI DR 5 >
L= Nz, B J DS ST SO EE A L
TBN Y F=2 FLHITEA TS EICIFTEALEEED D S
Z &

1L D IZFe 4 1IBI TSN D R 5 2 57— NaiZ L,
K12 D12 =T Y > T EDE# A LS B7200D 20
DT 71 —FFET . DT 717 —F infusion /1, &5 F]
IR F5 1T BT S FEAEE (IR =7 Y 22)
FMDR S 2 50— N (PR IIEFED) 1ZHH6DAT e 7 O DFE
FEAVLRICIS T 5. Z U, IR DR 5 2 50— NPHIES
NS B156, BOIHICTEE TH 5 9. D77
72— Mapping (3, IADOFIH 3T I507 S BI 70D R 50 2 50—

FIC, T =T Y k115 6y 27 77 DA

(B IIE) 2570725 5. mapping (LA TOR K 25
— ROFFFEEINZ Lo C, THE TISEak S T0oE D, ST
VR0 7E D55 TR IZREINZIEE &[0T 3 HllE T
»3.

PIEZZT T, /NRIZLL TR 7D L 9O 7ol %
LCW5. 2 B3 ERAEIZEST 5 STEM 28 K
WEDOMETEA LY, BENHEZFHET 5 2
EEEZTGAETYH, BEIRDIEAD.

RTIVOZT)TDARE UE—RICET 581
Bl

HIEITHE, M, = L TR IO =T Y
VL (-t 1N o= < N IS o ety g ) N/ A0 )= A ils|
AR, K12 oE# - AfECE e =7 ) D
L IRDT AT T Zitik LI CEOBZR O D@
fRDT 0t A T RET
s 2

KEEESR L NSFIL,K121c87 5=y o=7 U
HIADT- DI A KT A L ORFH IR~ %x 77,
5 3
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LU FoORfgeaE, NSFIC L - TSI TV 5 K12

DX V=7 Y o THEEOIRLMIFEEE O—E & 725
NREE
CFELEBIIVINCZL =T Y O L T A

REEE (BDWEEHR L, 2oAx vV EEH (B

DUVNEH FETEATE 2 o720) T 50N
o INRRE, HEER, R DA LU T, oY

=7V TS E AV EEA L, WD b AR

M7 5 D),
V=TV T EHEE B T ) a oD

R OESZ L L ORI Ok bEE /2T —I13 ]

S
73 O] =R A=ty ) N A feb = \ A E e AN 4l Y

TELOEED, 2 COFEFNI e, Zhs, 7

077 N, F L TEEH OBE OFHICI T

B BB /RERE & ST
R, A T A VIREE, £ LTGRO T e 7

T AIBNT, BT D=T ) SR PRSE S

T DV B DRR R A1),

Bt 4

STEM #5516 L SE & 9 L9 Bz Ff > QA5

FREHER T, EOM L~NLD K12 D =7 ) v 7
HE DG ETNTT D 18D D REWE 2507 28—
FTRETH 5.
72383, Z ORRE TV 95D, Infusion D=2V F5 T
BEHL WA Z ELIEHINTEBY, I 32 X MERN
ZOHE L TORSTNAD (/N 2010; Minnesota
Department of Education, 2009) .

INELT, & OBEERA L, @R =
TV T DL T2 D HDOMNIHONTOAR I
WERIIEOL L TOVRWZ L 2R LR D b,
8ODILAH LY a— LN b, 29 LIS
BEFO K12 OFEFICHET DHHIELE L
C, "infusion” & "mapping” D ZIVEND T 70—
FAZOWTifam L TN B,

ZZCW ) Infusion LixHHFGIEF (2 ZCld= Y=
TUYT) OEMEMOGEHEORS X — RILEDDHT &
%= 9. Infusion 1L, FDOAZ L HE— Rz P=7 Y 7
BIFDEEDS72030 25t L7= Y, BB T D72 DI A X
UH— ROWERZ S EIEHTHIENTES. 9EL W
> TW5 infusion & iFBZELLUTOL I 70z & E2EKT
5 ) =oo=T VT ORNENRE T u—
BEDAB = RIZBWT I VBN E IR D125 95 (2)
T V=T Y U i STEM OS5 5 & ORI
NEVBEMEZ2 572459 F LT (B = o=7IV 7%
AL = RIZESNWZIRE - AREOFHMEIZE D b D 2
LZ22BEA9.
:@%ﬁ%ﬁék,M%Sm%wTﬂ%&ﬁ%K
RSN D LT~ Z b 970 PNT 5. —F
T,

T DEREEHZ U Tl mapping &g, VNS EL T 7ES
T B SFRIPEAZ 517 B & 72 SRERTP DD 57D
R B — RONZEE BIF TS DN F W9 =
& EBIETE 5. B SFMAC 1T B BF 75 FZE HiEs
DR 5 2 50— NIZHEDIA G 5 & T -5 Fht 2 e ) #% T
B3 Infusion FITHE2 D, Mapping 19, (1) XX 24— FoD
BIRZNZ L > THEE O SFHFESILTOE00 LAk L, &
FLTUNRY Db LIV DD IZIEEZ I, (2) HEE
RT =T Y P DXes, FEFDL 5 R MDEFE I )
ROMENS bDICTSFDYE L TRYFTS FJaEHE 1
L, &) T =T YT DERIY Y F 2 T ADRRER
BUIHEE 7 0 5 AD=DDHFEE L TR S HES 725
5 Z & EIEET BIRAVLIEE) Td 5. Mapping D—2DfF
)L S OPDEEL =T Y DRSSP L,
BIFFD R 50 2 50— FICHIE A0 8 Lt Eivy 5 =
ETHS.

o Lizitih xR D &, NGSS TOH T,
Mapping (28> 7- 5455 b 755, NGSSIZHW
T 3D FHET /12 Common Core & DEfRR Y
DRV ER( SN R EHD T LINTE .

RIS EORRICH H 5 & 912, Mapping D7
T —F WS T BNID 72D, EHIEFEE L
TWADT, ZOHEFE =TIV TD XD
TR EREEFON ) 2T MTEAT D
BRICAZN72H-I T CTd A 9 . 703 Mapping D7 7' &
—F ORI E LTI, R 8 DL 5 72T ZT
STV,

% 8 Mapping N7 7O—F 2T L 1=Z545]
2007 FHHER PO I 2 =7 1%, 7 OOEERR
A&, 44 OERE74EE% NESE |2 mapping L7-.
F72, TN UHEYD 7 T o —DIARIe x> N U
— 0, 207 Tu—F kb L, K12 D450
R E TR FEBPE RO BAE & ths SEIBa o
TAURP 2B L TR0, iUt AAAS (285 Atlas
of Science Literacy S{El7=HDThHDH. Z 9 LI-EH)
13, NSF 2> NOAA D FHi 32T 72 K12 7203 T/ <
RA M H Y —OBM OB T v 7 LT
BERIFL TN,
The U.S. Global Change Research Program (USGCRP,
20091, 24 UL O E O/ 8— b —vy I X
H, &MY 7 Z v —% NSES & Benchmarks for
Science Literacy D712 mapping L72. Z 9 L7zl
0 FHA L, R O T RIREI R 2 KIE L, )<
OIDINIZEDORFA L o — ROBGEIZ Y= -
T, ZOREEFHT S Z & E2E 2 T 5 Frank
Niepold, NOAA, personal communication, February 2,
2010).
[Af0> Mapping |3, ##EF(SFN, 2008), HIEREF:
(www.earthscienceliteracy.org), K % F %
(http+/feo.ucar.edu/asl/pdfs/ASLbrochureFINAL.pdf) %%
THITOI TS,
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T, REREEN ) 2T JMIMZ BP0,
Resources for Environmental Literacy series (NSTA,
20071, BRBED T2 R VA BRI 70 HiE %
NSES %> Benchmarks 758 T % 7RI LT

%. ZHuZ, Environmental Literacy Council & NSTA

LS TR ENIZHDTH T
KEDORMFHE ORES OF LY, HiEkEA S
IR TCH I X2 T AN TEHON->TET
(DeBoer, 1991; Finley, 2011) 73, % 8|(I/x&S4L
D XD I - R - AR RO SR, =
V=TV TIRS T, A% LWEENEZ
DN s TN ZENTEDMNTHONT, 7]
BEMEA RL QWD EEZLD.

d THAURIUODZTYIDR%END

e & LTEEIN 0T

RS E (N, 2010) T, Bt L 9=
YO=T VT DAR L — REERRET, o
HROAL o — REET 5 E WO FHET, &
ORESE D ANLDRENE DR HEID B
TW5.

IR, = =T U T OB L TR HEE SO A
XL MO\ Titgam L 72, BEAFD 8 DD
DL E2—7b 34 OMESE R L, 2 Eho
SCHRIZ Z D OBEER R B D M ONTE &
HDTND,. ZNHDHH, 8 OETOMIICHAD
N=oix 1591 ) Thot= LT, £912/)h
DOV E2—%% &2, EOBEEN DD
IZRLB NI ERT. Zed, B OBESIT S v~
TRYJ> TR TIZR R L TH D.

RO BKELDHEDHEE - RFIL - 1B

s RRSCEK

T4 ' Design 8
STEM @37k Contexts to STM 6

T Y =7 Y7 L4 Engneering &

Sodiety, 5
[%%: Constraints, 2= X = =/ — 3 3 !
Communication

£7 Y > 7 Modeling, fiii{ b Optimization, 75 4

#7t Analysis

F[R)/F— 27— Collaboration / teamwork, £l
&M Creativity, BRI T 7 ) a o —IZB9 3
5 Ji%: Knowledge of Specific Technologies
AT A Systems, AT A B Systems
Thinking, => =7 1 > 7 OAH: Nature of
Engineering, 7' k % A 7"t prototyping, FZ5#:
Experimentation, fi%{k: Visualization, 727 /
7 —OFH] - EHE - Bl Use - manage *
assess tech, fEAAYEHR: Trade-offs, fEE: Ethics

%) & © Materials, & i Resources, & B 4 :
Functionality, {14 Specifications, 7t Pl HEME:
Sustainability, f / ~X—3 = > Innovation, Zh=&:
Efficency, > V=7 U >V EREEEEIRE LT
PRAEJ % Z L ¢ Understands engineering as
carrier option, LKA B HIZ DT D Fnak:
Knowledge of contemporary issues, & i & & HLD
A %)L Planning & management skills, &2k
iE © Dedsion making, YV — & — ¥ v 7!
Leadership, 2% Optimism

INEIE, T BIZHOWTEIRIIZ E OS2
AT RENFEOFERITAT o TRV, e LA, il
BOI N, VNI ZNHERFEDOAR S X — R
ICED ANDDINEWST2 2 EDiEim STV
5.

LML ns, 29 LEEEHT, O T
Framework N (X NGSS 27~ 2417~ 8 Practices <°
Cross-cutting Concepts %% iL TV < &, 80 FF-R D

[ 72 2 =D& F S/ 0D X T4

FE3) HOFFIEFRLL, ZDRMIZING
OEEEDN DD E T EINTND Z & D5
BT 0z, ala=r—rar- -7V
VT M7 B 8Practices (ZH B, AT A
%513 Crosscutting Concepts, 72, 71 > « &%
WAL NGSS D Appendix [\t =71 >
TTFH¥A4 TRt L TEEDONDLELED
IZ,DCls (REIROOEE & 72 DHER) 2VREN TN,

725/ N 1L, Common Core State Standards (VX

T, Common Core) & DFRENHELD 72N B
FLTEY (Box32: p26) , Common Core |Z
15%57 M SR IC B3R TX 5 2 L 25
LC, V=TV T HREAT 5 L NARER
Z &, FERERRIE D Common Core & 1 CHL
D BTN EITERCEI THA I E LT
%. —J5C, Common Core D—>D BRINNE %
WD EIZHDHT LEERML, ZhUCkh =y
=7V T ONEBMNE DR THIBR S v
BHIEAHELTWA, — 5T, Common Core DF}
FDOAL X — RN TE 7 TH, NRC 2MEK
LTCWAH LWIHROBMPHE DA X 2 — R
M V=TV TONKEETZ LIRS
o E L, ZORE (20104F) TFZ £ TOHME
Lo T-Z & bifEs S .

ZOREZINAEIZLHHDTH LN, SAA
%8N T= AAAS O James Rutherford 7328 & L
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THEIML TN D, NGSS DY a2 LT
Rodger Bybee & &5 EZ L B = — L, #2253
H1HDO%FR L TEY, BFEE OREFERNH O
F—"—Y UNZOFRPREIG | EHEE o
TWeZ LA RIRWE SN TE 7=, [FIKFIZ,
Lawrence Hall of Science (SCIS, GEMS, FOSS
%), Project Lead the Way, 8 A ~ U RBl2#MfE

(Engineering is Elementary) %, BEFOFRMF2
B PR L CEIMEBE, £ L= v=7Y
T DB A B BERFE LT E TR O
RHBML TNV Z &0, FFETRIER S 720,
Z DT, L ORRE T, E4ifaid 5 2 &
1%, ZOREZEOVERATOBRE CRRIZRD HILT
W= HTEETH Y, Rising Above & AREEDM]
IZED XD i o To i E iR L T
BHELHDHIEAD.

e. HEEITERIND : REnfL {DHh

DL

% 2T, BET A 30D K0 EEIC Y
=7 VT OB E RS TNDEFICED Z
L.

Z 9 Lizitik o —oi%, NAE OfOHsEET
&% Engineering in K-12 Education (2009) @
FICRON, LD X 9 725t 3d 5.
FEFFAAZIIT S BRI, 2 =T Y 2 2 DL
DTS, JHI TV S7FBNZIR D fde = 225, 708, € LT
VPIEFIFERCRFDFE I T 7R B DN TD
BERARIEL TS, Fortus 5 (2004) 14, TV N— XD
FIZIZIR O FATE 9 EAEDFIFD T d A Z 7] - L7 =
EEFHRL TS HEE 512, Z DEIRIL, & 872 bDOF
PORERIZH TS A—T—2 2 T 7, IDTEREDIFEIE TN
DT BLFPE DB X415 & D E LT, AAFIR S DT
BB EICL o THHNZ T TE S EAEL TB. =
DY F =2 ZAEFH LT E D7 BId, BEEIZ DU TOH
JiE & 70 DX 5 M DX~ LI E S Z L TEL
(Fortus 5, 2005)

29 Lizitibx 7.5 &, NAE 37 YA &%
ERDBERLE L GRATELZER I T IT 5.

F 7=, Sneider & Rosen 73/\Z (2010) (2%
L7=H T LT3 Thking Science to School
(2007) % STEM Dkl ZE5| L7z 30ikE LT
KL<BIHEND. ZOHF T, AFEXODITRSE
ZF57> (How students learn science) D727>T,
V=T Y T ERIR T DRI OWT LR
D X5 IR AR LT D,

TN DSGREED FHHIE L AT TS 054, % 605895
Wil & DFBRICA Z 05885 5.2 TS, NI, #5575
DANZBARE L TOBEIED ARIE I8 S 0842300, K& S H4
BIEEDPH S, TR b, EOBRIE &2 L TUE0

(FI219) #EIEL L 5 & T30 BFE LR EFAERME
2ET B (B =T V) Thd (ZHALPEAE
FHHOUT TE DD, BB VLFEDZRIC L S & DDy EF
& BDIENHILRITE DI 2 7= DN O T, 722 S35
HCTHS73) Schauble 5 (1991) 14, ~ D ZEAEE R 577
&, FIEDXP L T =T Y DI H 5« 6 LIS
FRAEL TS, BEED I THE S 7= BIESE &, 1%
5D ARNL E DRI FAZEEIEY, EDEF3E 5 TRh-
JEINTH B, T =T U DX I, e D H
HHFZFE LV F ) 7 Bl bz o 7= (PR 133850
ICF507 B17 &8 A — P ETESFRETE) . FIF ORI
T, FEB 72 613, BEODFZEZG B 50 1L, #5 L7273
ST S E T, £V IKFRHHIFATE &2 T, g s
i & (ES IR D A TR T =T Y 7D
XTI, F-E 8 1= BIdB B IS IR T F R L,
FEHRERTTH S 25 U6 TNS, BSUIFEFIA TS
B SEE L L5, IR Th S b E X HiL S ZHIC
SR E 2T W, FE DG =T E L TEA T
BIDFRIS N T L TARS T 7 a—F 5 & o720, FlF
ZELTFEA TG EEIZ)T, PLanbByion 7 7 m—F &)
27, Schauble &5 (1991) 12, iRANE T2 =T" 1 22 DIe
THFE N7 E 72 B3 fith CRIFEE & L TotFEs
FNBEE T RS LEEEE S E 2 G LT [
(2, Sneider & (1984) /3, FEhka 7 L HEHT 5108 « F/E
DEELD, 7l FERGT BT =T Y o DRI

OTEWLI=EEIS, 7] [ L7ES & 28 L

29 LIEEAYAN, = =T ) VRl
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LNTWA. FNLL R, 2o, 295 L
SR 70 R S, BEFREE U A D T
EWVWOHERERND S,

29 LT, /NRICRBT Sigama =TT 14 Ofb
A AT, [FSCECIFLATER 10 O X 5 2tk
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#10 RERKEEHE(CHIT-EE

BYE g, 0, 8 HR0oTHZ 5
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L, FELTELOREOH LN ET AR, 787
LR % L VIENT Z ENTE B K91, ZOA%E
BET &7
B2 i et A K L A— REH Y ¥ 2T A, E
FRLAIUZBNT D, M L ~YUZBWT S 5 DB
B H i & 72 DR EFRRI L, VN 2 H O
BN K-8 DA LT, BEINTHSRE L T < DA
bT D7D EREINDRETH S,
B3 H X2 T AL AKX U H— ROBIREL, BlFs
AEILE TR & BT VAR L, Z A NEe

61



62
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To LA EARRY 2R OREE A B 784 5 SUIRIC B WO TR
SNDHREITHS.
&4 BRI IR OBRED 4 SO I Y e
BeawRE - ARt 2 & ThD.
BES I OREEE D Y —F 1%, BEITR N T
VR - AEREDSTRA 2 S0 L, 1 5 0BG OBIESe, BlEN)
THESIZOWCOIE, & L CENETTT DO
TEEL72Y, Gk L0 357 8, 00 Y OB 2t
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B HEE
B 6 INSCHB O S AT A, SR (TR T
HoTH) BTD K-8 FAEDHETN, M7 B L
LT-#ENHERZ T TND 2 L 2 HER T RETH D, #E
THEIL, BElNHz HDRPACHE S RETH S L, BHEIC
DNTR, VNI T E b 12 BAVEIEE RS OB
FENZOUNT, F L TREER Y INTHZ D INTHONTEES
BEEETRETHS.
BI% 7 - FEROZARCEBREIRO 72 D ORI ZRBW TR
FLEFLSHERT, S NE OV - AR 2 0 E D
HOWRE XM HRETHD. TIUL, BRSOV TO
AF AT 2 4 OB A ERE G ZATEY,
ZDOHEEHCRT D% & 7 DS~ ORI E %
HEZTWA.FEO My 71T K8FEDH Y 2T LD
Hubh b7 Ny 7 E—HLTNDHRETHD.
B 8 HEFEE T A EHWEEL, 1 O HE TS
775 AN, BEEOBD 4 SOEERA L, BT
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FEL BTV INTREEZSINI DWW T OGS, © LT
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FNEEITNDZEERDHRETHS.

INHORIEDOHTERTNERELT,

FTNL, 7L AT — ) BUGETRE L OENE
NV, FEERZ Framework MEIZRNL L TS
ZENRFETOEND. ZDT=DIT, EBE Framework
(21 AAAS @ Project2061 & NSTA @ Anchors
Project NZNZEINTE L T2 EDVRENT
W5 (p.x) .

WIZ, K-8 D Dt (Learning Progressions)
(ZDUWNTOEMEDS, HELL~L « JI L1 R X
VHE— REONY 2T LAOERRICHERE ST
W5, BB, BT NGSS 1IN FE DO
PHLECELNTEZEN RSN T WD

(Framework : p. 26, 33, 315-317, 325; NGSS': p.
xvii) . 7235, SEPs [ZOW T, Z OB kR
FITHRISN TN RN EBRER LT,

F72, b 9 —> Framework + NGSS 25T 5

8Practices 73N L CUW D EE A E LT, Rl

DIENZDOWNTC DR o 5. 727 L— PP
FFED L2 ETIE72 <, Cascade of Practices (/&
oyt & LT, KVBEHED 52 Lo T-fi
Wb, E 2B AnsEE UCEYi#ET 25 Z &5
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B, AREEOR TR F ORI Z R 40
DOF” (4 Strands for ) &1L, LLFER 11 DX H 7%
HLOTHD.

F 11 HEORMEETRT 4 DD

L BRI U TR BT 510, FUTT L T 5.
2. FFRAELL BOIZ R, TR 5.
3. RN IR AL & TR TR 7.

4. P75 & R CAEPERNC BN S,

p2 &Y

ZIOLETATTILEIZ NGSSIZ Lo &
FAIAFEN T2 (McComas, 2016) & 4]
SNTEBFEORER, ENE VDT TH H N
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TWeZ Lz s,

M2 TEVESIE, HARTWHI T 7T 47« F—
=2 T ORBUCIEL, +EL T HOERA « X155
B FOEE LT8R ET VA RE L TV D.
INEZT T, BEWHED - HOEEIZHL £
T2 BISWVINIRF R Z F SO DOV T OHIR %
T AEIRET LV EFIAT S Z LB REI N
TWa.,

NGSS ODWEE 25O Y — X —Th b
Krajcik (%, Davis (2005) <° Schneider (2002)
5 & Educative Curriculum Materials & L TZ 9
L7382 E T Va2 530N O 7= 8 D H % Bil%
LTEY, ZHUIoWTIRh&TE L <R TnL
VENHDHTIEAD.

f. STEM {79 H#4AH

ST, 29 LIc g BERE el 251 ¢,
Framework TlITo =71 7 %58 i+ 58
Hé LCUTFDOX SRR R 6D, —Dl,

SHUTET L b FFEN T2 2 =TS E 0 E
BETIE20 0, TR D, L 5438 U T, FAH) 0PRSS
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7= (Framework; 2012, p.12).
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T )R ANKD E VR H o T
(Adler, 1984) . Bif3FE7~ E 28 S 2EHT5
(Derive) 725680525 WV H RN TE T
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FHETNWDH EWVH LT (S&E Indicator, 2004) %
FZHMEEL, WEOKRE 5| &L o7

(Rising Above, 2007) .

2) TLV=T Y T EERT D ECEE N
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T, 77 aY—OrEMEDNTWDE Db o
7o 7272, T (1980 44%) MikfE7T 7/ mo—¢&
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U— B oY a—2— L 2O ER
ZEF BTN, BFIZ AAAS |2 & D Project2061
DEF—BFE I DD S Vs E S, B2
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The meaning which studies the rock and mineralogy which a junior
high school student considers — The questionnaire of 154 third-year
students in the Shizuoka junior high school-

OM# &KX, RF Zi
TAKEBAYASHI Tomohiro and KUMANO Yoshisuke

BEXY BIERSREMALE HRYLER
Graduate School of Science & Technology, Shizuoka University

[Z49] In an industry, a rock and a mineral are one of the important substances from our familiar life. A
rock and a mineral are shown by interpretation of a "igneous rock", a "sedimentary rock", and a "rock
forming mineral" in the science of the sixth grader in an elementary school, and the first-year student in a
junior high school, in Japan. "If rocks and minerals are studied, is those knowledge useful for our life?", we
made the questionnaire 154 junior high school students. Fifty-six percent of students "I’m not sure" or "it is
not helpful to our life." The junior high school for investigation is the Shizuoka University
department-of-education attached Shizuoka junior high school. This school has a high deviation value
compared with public junior high schools in Japan Therefore, it is a very important survey content used as
the index at the time of treating the big data of the results of an investigation of a future public junior high
school. Therefore, this research is an important report which suggests the result of the public junior high

school investigated hereafter.
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STEM Education in Japan:
A Comparison of Students’ STEM Attitudes Across Learning Sites

Jeanna R. Wieselmann

Statement of the Problem

In an increasingly technological world, science, technology, engineering, and
mathematics (STEM) are of unprecedented importance for preparing skilled professionals to fill
the large number of STEM-related jobs. Integrated STEM education is becoming increasingly
common in the United States, but Japan is in the early stages of exploring the possibilities of
integrated STEM at the elementary, middle, and high school grade levels. As Japanese
educational policy related to STEM is shaped over the coming years, there is a need to
understand the STEM education programs and pedagogies that are most effective for Japanese
students.

Despite progress in gender equity in STEM, females continue to be underrepresented in
STEM professions in both the United States (NSF, 2015) and Japan (Council for Science and
Technology Policy, 2010). Women in the U.S. are greatly underrepresented in engineering,
computer sciences, and physics (NSF, 2015). In 1960, less than 1% of engineers in the U.S.
were female; in 2013 that number had only reached 12% (Corbett & Hill, 2015). In Japan, only
13.6 percent of undergraduate engineering majors are women (Gender Equality Bureau, 2016).
Females in STEM fields in Japan are faced with the perception that femininity is incompatible
with science, leading to identity struggles (Tanikawa, 2013). Issues of equity are prevalent in
STEM fields around the world, and research must investigate and look to address these issues to
provide individuals with the information, opportunities, and experiences needed to give everyone
the chance to enter a STEM field.

Brief Literature Review

Science Education in Japan

In 1995, Japan adopted the Science and Technology Basic Law, with the goal of more
systematic achievement in science and technology for both economic and personal welfare
reasons (Council for Science and Technology Policy, 2010). Japan’s 4th Science and
Technology Basic Policy Report specifically pointed to the need to promote the activities of
females in research and the sciences, setting target percentages of female participation and
outlining expected systems of support for women in universities and public research institutions.
However, policy in Japan has largely focused on higher education and workplace factors to make
STEM careers more appealing to women (Council for Science and Technology Policy, 2010).
Although this is certainly a positive step toward gender equity, research in the U.S. suggests that
these efforts may come too late in females’ development of career aspirations. In middle school,
even though girls’ grades remain high, they are less interested in science and engineering than
boys are (Hill, Corbett, & St. Rose, 2010). In order to determine what contributes to the decline
in STEM interest, researchers must look to the middle school grades.

The Japanese government released a new course of study for the country’s schools in
March of 2017. The new course of study focuses on three key areas of learning for students:
agentic learning with intrinsic motivation, deep communication, and deep learning (Ministry of
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Education, Culture, Sports, Science, and Technology - Japan [MEXT], 2017). Active learning is
central within the new course of study, and a STEM education framework could be used to
promote the type of active learning proposed by the Japanese government.

Integrated STEM Instruction

STEM disciplines are frequently taught as distinct subject areas, but many STEM careers
involve a blend of content from different disciplines (Honey, Pearson, & Schweingruber, 2014).
STEM integration seeks to merge the disciplines and is promoted as a way to engage students in
topics that are of interest to them while teaching critical thinking and core content knowledge
required for future success in STEM careers. With an increased focus on integrated STEM
instruction in the United States and other countries around the world, it is important to note that
there is not a clear definition of what it means for a curriculum to be integrated (Roehrig, Wang,
Moore, & Park, 2012) or common approach to integrating STEM disciplines in practice (English,
2016).

Despite the varied approaches to integrated STEM, commonalities across approaches
demonstrate that several components are necessary for quality STEM instruction. For example,
integrated STEM units should use an engaging, real-world context (Moore et al., 2014; Breiner,
Harkness, Johnson, & Koehler, 2012; Brown, Brown, Reardon, & Merrill, 2011); explicitly
identify connections between STEM disciplines and model these connections in a manner
authentic to STEM careers (English, 2016; Kelly & Knowles, 2016); and use student-centered
pedagogies to develop students’ problem-solving skills (Rinke, Gladstone-Brown, Kinlaw, &
Cappiello, 2016; Breiner et al., 2012; Labov et al., 2010). These common features of integrated
STEM instruction align with the active learning pedagogies emphasized in the Japanese course
of study (MEXT, 2017). The focus on engaging contexts and connecting STEM disciplines aim
to foster intrinsic motivation in students, as is desired by the Japanese government.

Research indicates that integrated STEM instruction may support increased STEM
interest among students (Honey et al., 2014), making it an important area for continued study.
For example, Guzey, Moore, Harwell, and Moreno (2016) found that students who were taught
using an engineering design-based science curriculum showed more positive attitudes toward
STEM following the unit of instruction than they had prior to instruction. A case study of 16
minority women in undergraduate science classes found that the decontextualized nature of
traditional science lectures negatively impacted students’ interest in science (Johnson, 2007).
These findings are paralleled by research findings at the elementary school level. For example,
despite enjoying science, 10-year-old girls in the United States fail to see the connections
between their science activities at school and real-world work as a scientist, and they believe
science is a difficult, potentially dangerous, and masculine field (Archer et al., 2010).

Because girls are negatively impacted by decontextualized science teaching with a focus
on facts (Johnson, 2007), STEM integration may provide the needed context and authentic
application of science content to strengthen girls’ interest and involvement in STEM. As the
Japanese government considers whether to implement integrated STEM instruction in the
elementary and middle school grade levels, opportunities abound for learning about the types of
experiences that girls find especially motivating in the Japanese context.
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Research Design

This study employed an embedded mixed methods design to investigate three different
educational experiences in Japan. According to Plano Clark and Creswell (2015), this type of
research design is appropriate because the primary quantitative data could be supported by
secondary qualitative data, and both types of data were gathered concurrently. This study aimed
to answer the research questions:

1. What differences, if any, are present in male and female attitudes toward STEM in the

Japanese context?

2. Which factors of a STEM experience are particularly important for fostering interest and
motivation in STEM among girls?

The primary data source was a survey created in collaboration between American and
Japanese researchers. The survey items were modified from the STEM Career Interest Survey
(STEM-CIS), a 44-item survey that assesses students’ interest in STEM fields (Kier, Blanchard,
Osborne, & Albert, 2014). The items were translated to Japanese, and the technology and
engineering items were rephrased in some cases to make them understandable to Japanese
students. After adapting the survey instrument to the Japanese context, a total of 35 Likert scale
items were included across three subscales: science, mathematics, and engineering and
technology. Item responses ranged from 1 (strongly disagree) to 5 (strongly agree). The survey
items aim to measure students’ self-efficacy, outcome expectations, interest, contextual supports
and barriers, and personal goals in science, mathematics, and engineering and technology. Four
to six open-ended items were also included in the survey to gain more insight into students’
attitudes toward STEM fields. These questions asked students to explain whether they felt like
scientists or engineers, previous successes in STEM, STEM career interest, and their perceptions
of their likelihood of success in a STEM career.

The survey instrument was initially piloted with a group of 16 students participating in an
informal STEM experience. Areas of confusion were modified before the instrument was used
with other groups of students, all of whom were the same age or older than the pilot group of
students. Program observations at each site supplemented the survey data in this study.
Context and Participants

Three distinct science or STEM experiences for middle and high school students in
Shizuoka City, Japan, were included in this study. The programs include Shizuoka Kita High
School, Shizuoka STEM Academy, and Shizuoka Attached Junior High School. These settings
were selected for study because each provides a unique application of STEM instruction, ranging
from formal science instruction to out-of-school open inquiry. These varying perspectives
provide the opportunity to compare outcomes across programs and identify components of each
program that are integral to increasing female interest in STEM.

Shizuoka Kita High School. Shizuoka Kita High School is a member of the Shizuoka
Institute of Science and Technology (SIST) group, which includes a university, two secondary
schools, and six technical schools. A total of approximately 1,600 students in grades 7-12 are
enrolled in Shizuoka Kita High School in three different courses of study: Science and
Mathematics Course, International Communication Course, and General Course. This report
focuses on the students enrolled in the Science and Mathematics Course, which aims at
producing future scientists and technical experts. This course includes special coursework as
well as research projects and is authorized as a Super Science High School.
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Shizuoka Kita High Schools is engaged in an international joint project with Thailand,
and this study focuses on students who were part of the international collaboration. Ten students
and three teachers from Thailand visited Shizuoka Kita High School and participated in activities
focused on energy use and innovation. The international exchange included visits to a university
and power plant as well as workshops about energy use. One of the workshops, conducted by the
researcher and others from Shizuoka University, focused on integrated STEM activities and
include hands-on activities in physics, chemistry, and Earth science. Over the course of four
hours, students investigated wind energy, wastewater treatment, and mineral uses, and surveys
were collected from 26 Japanese students, all of whom were male and in grade 11.

Shizuoka STEM Academy. Shizuoka STEM Academy is an out-of-school STEM
program with session meetings taking place on weekends. The program is in its second year of
operation (originally called the Shizuoka STEM Junior Project) and is targeted toward students
with an interest in STEM, although there are no prerequisite experiences. Shizuoka STEM
Academy is open to students in grades 5-9, and participating students attend a total of 10
sessions between October 2017 and February 2018. Each session is approximately six hours long
and includes a break for lunch.

The first four sessions of Shizuoka STEM Academy were taught primarily by two pre-
service science teachers working on their teaching theses, with some whole group components
taught by a Ph.D. in science education. During the small group components, students split into
two sections based on whether they were new to the Shizuoka STEM Academy or had attended
the previous year. Students who were attending for the first time designed water rockets and
manipulated variables to determine how they affected the flight of the rocket. The pre-service
science teacher who led this section focused on teamwork and metacognition. Students who were
participating in the Shizuoka STEM Academy for the second year studied metals and how to
confirm whether a substance is gold. The remaining six sessions of Shizuoka STEM Academy
will be led by an instructor with a Ph.D. in science education. Each session will include an
integrated STEM activity, such as designing a roller coaster, solar ovens, or pinhole cameras.

In addition to the guided activities planned by the instructors and already described, an
open inquiry component called Stage 2 is included for students who would like to investigate a
question of interest to them. This work was carried out individually in the first year of Shizuoka
STEM Academy but will be conducted in small groups during the second year. Stage 2 students
work together to generate a question, identify a method of investigation that is suitable for the
question, collect relevant and replicable data while minimizing error, and analyze the data,
including some discussion of basic statistics. At the time of this study, students identified an
initial focus question: How can we experience shopping for clothing in the home and trying on
clothing via virtual reality? This question will continue to shift and will be broken into
manageable pieces as students consider how to investigate this question. Thirteen students
participated in the Shizuoka STEM Academy (see Table 1 for participant characteristics).

Shizuoka Attached Junior High School. Shizuoka Attached Junior High School is
formally attached to Shizuoka University, so there are a variety of opportunities for collaboration
and joint learning between teachers, professors, and pre-service teachers. The school follows the
Japanese course of study as required, but is also able to supplement the curriculum with
innovation in teaching and learning, including STEM. Its status as an attached school means it is
more likely to include experimental teaching strategies than schools that are not attached to a
university. The school’s focus this academic year is on developing students’ 21st century skills,
including adaptability, complex communication and social skills, non-routine problem-solving
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skills, self-management, and systems thinking (National Research Council, 2012). Although
integrated STEM instruction is not a formal part of the curriculum, science teachers from this
school have been exposed to STEM on several occasions through their participation in faculty
development experiences. All students of Shizuoka Attached Junior High School were surveyed
(see Table 2 for participant characteristics).

Data Collection

Surveys were administered to students at each of the three sites. Students at Shizuoka
Kita High School completed paper surveys following the STEM workshop. Students at Shizuoka
Attached Junior High School completed paper surveys on a typical day of their science class.
Students at Shizuoka STEM Academy completed online surveys with the same items as the
paper versions. These students completed the survey prior to the first Shizuoka STEM Academy
session, and eight of the thirteen students also completed the survey following the first four
sessions. The survey will be administered on one additional occasion following the final session
in February 2018.

Data Analysis

Survey data were input in a spreadsheet for initial analysis and data cleaning. Average
scores were calculated for each student on the three subscales. The math and science subscales
each consisted of 11 survey items, and the technology/engineering subscale consisted of 13
items. Averaging student responses to the subscale items allowed for comparisons across
subscales. An overall average score that included responses to all 35 items was also calculated
for each student.

Data analysis methods varied for each site because of the wide range in number of
participants at each site. A two-way Analysis of Variance (ANOVA) was conducted for cross-
site comparisons, a Multivariate Analysis of Variance (MANOVA) was used for Shizuoka
Attached Junior High School, correlation coefficients were used for Shizuoka Kita High School,
and qualitative analysis of open-ended responses was used for Shizuoka STEM Academy.

Findings
Cross-Site Comparison

A two-way ANOVA was conducted to compare the main effects of program and gender
and the interaction effect between program and gender on students’ overall average STEM
scores. Program included three levels ((Shizuoka Kita High School, Shizuoka STEM Academy,
and Shizuoka Attached Junior High School), and gender consisted of two levels (male and
female). See Table 3 for full results of the ANOVA. The main effect of program was not
statistically significant [F(1, 493) = 0.08, p = 0.78]. The main effect of gender was marginally
statistically significant [F(1, 493) =3.63, p = 0.06]. The two-way interaction between program
and gender was statistically significant [F(1, 493) = 6.59, p = 0.01].

These results show that there is a need for more investigation of gender effects on STEM
attitude scores. The statistically significant two-way interaction between program and gender
demonstrates that the effect of gender depends on the program. More detailed analyses of
students in each program can be found in the following sections.

Shizuoka Kita High School
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No female students were present in the grade 11 Science and Mathematics Course that
participated in the exchange with students from Thailand. Because no data are available on
female students, gender comparisons are not possible for Shizuoka Kita High School. However,
analyses of male subscores from Shizuoka Kita High School revealed that the only statistically
significant correlation of subscales was between the science and engineering/technology
subscales (= 0.59, p < 0.01). Qualitative data in the form of open-ended survey responses are
being translated, and qualitative analysis will be conducted in the future.

Shizuoka STEM Academy

With a total of only 13 students enrolled in the Shizuoka STEM Academy and complete
survey data on both survey occasions for only eight students resulting in limited statistical
power, this section will focus on the qualitative analysis of students’ open-ended survey
responses. Students wrote answers to open-ended survey questions before the first Shizuoka
STEM Academy session and following the fourth session on November 26, 2017. Of the
students who responded to the second survey, six were female and two were male.

After the first four sessions of the Shizuoka STEM Academy, all eight survey
respondents said they felt as though they were scientists or engineers while engaging in the
activities of the STEM Academy. They referred to conducting experiments, thinking
independently of their teachers and parents, and making discoveries as key factors in feeling like
scientists and engineers. Importantly, these are intrinsic factors that the Japanese government is
hoping to promote in students (MEXT, 2017).

In the pre-STEM Academy survey, six of the 13 students could not describe a time that
they felt successful in STEM. A shift was seen after four sessions, with all of the students able
to describe a STEM success they had experienced at Shizuoka STEM Academy. Many of the
successes focused on successfully carrying out an experiment, including careful control of
variables, data collection, and drawing conclusions. Six students reported feeling more more
confident in STEM because of the Shizuoka STEM Academy. They referred to independent
thinking, sharing their ideas with peers, designing investigations, and persevering in the face of
challenges as key features of the STEM Academy that increased their confidence.

Finally, students in the Shizuoka STEM Academy expressed interest in pursuing STEM
opportunities in the future. After the first four sessions, all eight survey respondents reported
interest in a future STEM profession. They identified opportunities for independent thinking and
contributing to a better future as appealing aspects of STEM careers. In addition, seven out of
eight students expressed confidence in future success in STEM careers because of their
experiences at the Shizuoka STEM Academy.

Shizuoka Attached Junior High School

A MANOVA was conducted to compare main effects of grade and gender and the
interaction effect between grade and gender on students’ STEM attitude scores in each of the
subscales. MANOVA is appropriate in this case because multiple dependent variables (science
subscale, mathematics subscale, and engineering/technology subscale) are being measured at the
same time. The MANOVA revealed a statistically significant main effect of gender [F(3, 450) =
11.9, p <0.001]. Neither the main effect of grade nor the interaction effect of grade and gender
were statistically significant.

Univariate ANOVA analyses were conducted on each of the STEM attitude subscales to
better understand the effect of gender on each individual subscale. See Table 4 for a summary of
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results. The main effect of gender was statistically significant for the science subscale [F(1, 452)
=14.20, p < 0.001], the mathematics subscale [F(1, 452) = 13.20, p <0.001], and the
engineering and technology subscale [F(1, 452) =32.02, p < 0.001]. All of the effect sizes are
small to medium according to Cohen’s (1988) conventions, with the greatest effect size (d =
0.53) for engineering and technology.

In all cases, males had higher survey scores than females (see Table 5), which indicates
that males tend to have more positive attitudes toward STEM areas. Qualitative data in the form
of open-ended survey responses are being translated, and qualitative analysis will be conducted
in the future.

Discussion

This study explored students’ STEM attitudes across three different learning sites. Each
site had a unique focus and population of students. Although the study was limited by sample
size for two of the sites and the lack of female representation for one site, several important
findings emerged. As demonstrated by the statistical analysis of male and female survey scores
at Shizuoka Attached Junior High School, middle school girls have less positive attitudes toward
STEM fields than their male peers. This difference was statistically significant for all three
subscales of the survey but had the largest effect size for the engineering and technology
subscale. The presence of gender differences in STEM attitudes demonstrates a need for ongoing
work to foster interest and motivation in STEM among girls. This need is perhaps best illustrated
by the absence of girls in the Science and Mathematics Course at Shizuoka Kita High School.
At the age of 10, students tend to have high levels of interest in science (Murphy & Beggs,
2005); however, from that age on, many research studies have found that interest in STEM tends
to decrease (e.g. Wells, Sanchez, & Attridge, 2007; Capobianco, Yu, & French, 2015; Archer et
al., 2010), especially among girls (Turner et al., 2008). This decrease in STEM interest coincides
with decreases in self-efficacy in science among students in Taiwan (Hong & Lin, 2013). In
middle school, even though girls’ grades remain high, they are less interested in science and
engineering than boys are (Hill et al., 2010). The present study demonstrates similar gaps in
STEM interest and motivation between Japanese boys and girls at the junior high school level. In
order to promote gender equity in STEM workplaces, as is desired by the Japanese government,
girls must have the types of experiences that encourage them to enroll in STEM-related
coursework in junior high school and beyond. This will require programming and interventions
prior to the junior high school years.

Qualitative analysis of student responses at the Shizuoka STEM Academy reveal that
integrated STEM instruction is a promising means of promoting student interest and confidence
in STEM for all students, including elementary and middle school girls. Participants in the
Shizuoka STEM Academy were able to engage in open-ended learning activities that were
unique compared to the type they typically encounter in the formal school classroom, and these
opportunities for independent thinking and problem-solving led to students reporting increased
confidence and interest in STEM. Students began to recognize their successes in STEM and
expressed interest in future STEM careers. Previous research (e.g. Johnson, 2007) has shown that
girls struggle with decontextualized science instruction. The Shizuoka STEM Academy and
other out-of-school learning environments may provide girls in Japan with key experiences that
situate learning within meaningful contexts to demonstrate that STEM fields can be interesting
and are compatible with female characteristics.
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Conclusion

Gender equity in STEM continues to be an area where more research and interventions
are needed in Japan, like many other countries around the world. Middle school girls in this
study had less positive attitudes toward STEM than their male counterparts, so there is a need to
consider how best to maintain student interest and foster student confidence in STEM in order to
encourage pursuit of STEM coursework and careers. Additional research in Japan can help
determine at what age the gender gap in STEM attitudes is first seen, which can then help to
inform interventions to maintain girls’ interest in STEM.

Out-of-school learning environments that utilize integrated STEM instruction have
demonstrated promise in both the United States and Japan. More research of additional out-of-
school STEM programs would help further pinpoint the key features of these experiences that
contribute to positive attitudinal outcomes for girls. Additional data will be collected as the
Shizuoka STEM Academy continues into the first few months of 2018, and further studies are
needed as well.
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Table 1
Shizuoka STEM Academy Participant Characteristics

Grade Male Female
5 2 2
6 2 0
7 0 1
8 1 5
Totals (N=13) 5 8
Table 2
Shizuoka Attached Junior High School Participant Characteristics
Grade Male Female
7 77 73
8 83 70
9 82 73
Totals (N=458) 242 216
Table 3
ANOVA Results and Descriptive Statistics for STEM Attitude Score by Gender and Program
Variable Mean SD n
Female
Shizuoka Kita - - 0
STEM Academy 3.86 0.68 8
Attached JHS 3.05 0.62 216
Male
Shizuoka Kita 3.22 0.46 26
STEM Academy 3.87 0.41 5
Attached JHS 3.38 0.62 242
Source SS df F
Gender 1.38 1 3.63
Program 0.03 1 0.08
Gender x Program 2.51 1 6.59*
Error 187.59 1
*p<0.05
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Table 4
ANOVA Results for Subscales by Grade and Gender at Shizuoka Attached Junior High School

Source SS df F d
Science Subscale
Gender 9.1 1 14.20%*** 0.35
Grade 24 2 1.92
Gender x Grade 1.8 2 1.38

Mathematics Subscale

Gender 8.3 1 13.20%** 0.34
Grade 1.1 2 0.85
Gender x Grade 0.3 2 0.26

Engineering and Technology Subscale

Gender 17.8 1 32.02%%%* 0.53
Grade 0.5 2 0.48
Gender x Grade 0.4 2 0.37

*** p <0.001

Table 5

Average Survey Subscale Scores by Gender at Shizuoka Attached Junior High School

Female (n=216) Male (n =242)

Mean SD Mean SD
Science 3.096 0.788 3.378 0.814
Mathematics 3.179 0.796 3.449 0.789
Engineering/Technology 2911 0.742 3.308 0.746
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10341 Establishment of the STEM experimental materials in Japan

OWirw ==

—using Vargula hilgendorfii— GrosH

Mo Ketaka? L, Ve
L Graduate school of seience and lachnoley, Shiuoka Unr:

Abstract

STEM cducation, though it is widely used in otkor countrics such as Amorica, is no: very familiar to
Jumior and seniar high sthool sducaters in Japan. Currently, educetors in Japan are eviewing its
tlassroom padagogy and practices to provide stadents with oppotunities to develop the 219 cantury
skills. The purpase of this stucy is to establish one of the STEM experimental materials 1n Japar. In
Unis study, activities are designed ard conductes) with 11 junior and sevior high students which were
framed under the eight practizes of the STEM education. Vargula hilgendorfii a native Plinkton in
-apan, Is mainly used as the experimental material for students to wark with. Varguia piigendorfu
emits olue light in the evening, This was chosen as a riaterial for his stady since it is farmiliar to
_apanese and the reason why they stine s not knowr. Ihe blue lgnt from ths ammal 15 mainly
produced by the chemical reaction of lucierase and luciferia. In t1e research, students made four
things: the traps to catch Vorguta higendorfii, the water tank o take care of them, the elzctrolysis
device 1o stimulatz ther and an original lluminometer: During the rescarch, studests have changed
rtheir bypothesis on why the vargule hifgendorfi praduces the bright light a1 4°C{39H and mor> new
questions appeared. They alse learned thz impartance of the lives, One of the surprising results was
the change of their attitude toward scienec. Befare this research, they did not plan their swn
sxperiments or have the skills to design their own since they are alway: waiting for the teachers’
advice. But they came to think deagly, discuss alot, make their own hypothesis and try oat var ous
experiments. These data show that they can werk with anocher framework d fferert frem whas they
have been wed toin the Japanese educstion systern. Itis concluced that Vargula hilgendorfii could
be 2 gaod choice for students to work with as a STEM experimental material when working with
luminescent creatures.

Back ground of the Japanese Science Education

) agentic
lerning with
intrinsic
motivation

@ deep 3 deep
ommunication learning

I Japai, soime suience and zdusabion paliies are bzing sdupled e povide students with
eppartunities 1o scguira the 21-st Century Skills. For example, last March 2017, the government
proposed a new Course of Study of Japan for schocls 112, One of the main point of iTis ©e “acthe
lzarning”. In Japan it is sxpressed in three wores. 7 zgentic lerning with intrinsic motivation, 2 decp
communication, and  F'deep learninglA). As another ettart to scquire the 21-st Ceatury skills,
beginning in 2020, 21l schaol zhildren will have to lean programming cr coding in their schoals (BY,
Also i1 2020, the style of University Entrance Examination will be changed. Students will be as:essed
morg in their thirking skills rather than in their memarization skils {C),

STEM e

STEM education is widely used in other countrizs such as America. The nature of the “active
learning” praposed by Japanese government could akio be 1ddressed using the STEM ed ication
framework. There are some tzams trying STEM educaticn in Japa1[2 ], but it has not yet spread to
schaals in Japan, and thus there are enly a few STEM resources and experimental materials in Japan,
Ihe purpose of ths stucy is to establish one of S1EM 2xperimental materials in lapan

ation in Japan and the purpose of this study

A
Method of this study
A B C

grade | 7th | 8th | 10th
number 4 4 3
gender | Boys | Girls | Tctal
" aumber 5 3 n

sudy, the Vargula Wigeadarfiianimal .d a5 anc ol the STEM experimental materials.
Varguia hilgerdorfii is one of the Ly Plonktor ng in the warm and shallow sea near lapan.

Its body length is about 2-3mm (A), In the afternonn, they stay at the bottom of the 526 while in
the even ng, they move tothe shallow waters with their beautful blue lights (8). The blue lizht
irum this animal is mainly progduced by the ciemical reaction of lucilerase and luciferi, Diagram
shows the chemical structures of luciferin and oxidated lucifer n. Cleven junior and senior high
schaol stadents participated in this study (D). They are members of the schaal’s stience club.
DiagramE shows that there are four 7" graders, four 8% graders and three 101 graders. There are
five boys and s« girls. They all wanted to know why the Vargula hilgendarfii shine. In this study,

us

ke Kumaono--
2 Kawh gabuen Gyoushu_umor 2nd seror high schod

The four major steps

Thare wera frur majar stens that the stidents did Fiese they mares the traps tacatch vargila
hilgendorfii {A), and by using them, they caught & lot frem the sea. Next, they made the water
tank ta take care of the Vargula hilgerdorfii (B). Diagram € shawe 0@ of them living in their

water taak. They alsa made the slectrslysis device to st mulate live Vargala hiigendorfi (0) By

using electrostimulation, Vargule hilgendorfil produced lightin figure E. They applied what they
lezrned n their science classes, They alsa made av original illuminometet like shownin figureF,
A technical high scheol he ped the students in making the elestric circuit and its codes.

New hypothe:
Vargula

hilgendorfii shine
when they are in
danger, Because
many of them died
at4c.

First hypothe:
Ancestors of the
varguia hilgendorfii |
lived in the
deep sea where the
temperature is 4°C.

| felt like my children died.
| felt so guilty.

They did not plan their own
experiments or have the skills
to design their own method.
They always were waiting for
the teachers’ advice or
suggestions.

They thought deeply,
discussed a lot and made
their own hypothesis.
They tried out various
exoeriments

Students have chenged their hypathesis ahout the reasan why the Vorgede hlgendorfii produrces
the bright light at 4°C{39F}. They had known already that Vorgula hilgendorfii shine brightly at
4°C, and tha temperature of the daep seais 4°C. So their first hypathasis was that the ancastor
of Varguia higendorfii lived in the deep sea. Accarding to their observation, Vargule hilgendorfi
predictably produced bright light at 4'C, but they died, So thoy madeo a new hypathesis. [tis that
Wargulo hilgendorfi shine whea they are in danger [A] DiagiamB shows the d2ad Vargule

students researched about the ecalogy of the Vargela htgendorfii. They paid spacial attentian to
whan and why the Virgula hilgendorf© produce the light, During the research, the students
ressonses and attitudes toward sciencs were abserved. The activitics are designed within the
cigat practices of the scicnee and engineoning framowork by NGSS| 3]
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1) MEXT(Vinistry of Eduration Culture Sports Stience and Techrology), “Course of study”, O2020

(2] Yoshisuke kumana, Shizupka STEM junior project Annual report of the year of 2016, 2017, pp.1-103
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Ergineering Practices in the NG5S", March 2013

hilgensarfi. Students were shacked by thiz obse~vation and learned the impotance of th lives,

DiagramC shows one of the students’ comment. Their attitude toward science also have changed
(D&E). They won three pizes. BiagramF shows the awsaiding ceremony of the “Suzuki Umetara
shou”{prize).

Discussion

* The Vargula kilgendorii produced high intersity light when exposed to
low ermperalure, high lemperature, low salinity water and
electrostimulation. These cata support students” hypothesis,

*The illuminometer which students made is not sa sensitive, therefcre
improvementis needed.

A collaboration between anothzr schools is rare in Japan, but it is
encouraged because of the many advantages it offers.

*Some female students have difficulty in computer programming.

\-The prize was an incentive for the students to do more research. /

Conclusion

It is concluded that Vargula hilgendorfii could be a good choice “or students
to work with as a STEM experimental material when working with
L luminescent creatures.
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RKREBLT, TAVDOMRERHELEE
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2. mlfztyiarky

1)NSTA @ #H L\ Preservice Science Standards
NSTA(National Science Teachers Association)

13 1944 FFITRRSLE N R Tl REZRFHF

BOTDOFMRTHD. FE R EEHEICEE L

[FIC BARIC > THEEZR 5 B ALY,

N LR DBE BRRESNDT AV AT,
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(DStandard]1:

Content Knowledge(Gz AN D FHHR)

2012 FEERRIZ IV T concepts, ideas, and
applications &V ) EFEIMEIIL T2 E N,
2018 4EFERR ClZ, disciplinary core ideas,
crosscutting concepts, and science and engineering
practices V) HEEICEHINT-.

@Standard2:
Content Pedagogy(Fz 157 D k)
2012 4E FERROD SCERITINZ T, 2018 4R FERRIC I
THTITBINS NI SR,

Effective teachers also include appropriate
connections to science and engineering practices
and cross—cutting concepts. ThHA.

(@ Standard3:
Learning Environments(%#- 5B 1)

2012 4EFE R Tl Science VW) HAGED il o3 T
WNTZERA3IT, 2018 FEAEFERR Tl engineering &0
HHGENBINS L. £ LC, 2018 4REERRITIE,
BT IR OICE DSBS L.

Students are provided with the opportunity to
construct and evaluate their own explanations and
understanding of scientific phenomena.

@®Standard4:Safety(Z2 21%)
AL VD

(®Standardb:
Impact on Student Learning4EFEDZZER~D
)
2012 4B flCffi  &317= Science knowledge DAY
HVIZ 2018 44 FERR CI disciplinary core ideas
. F72, 2018 FE R ClE Engineering &
crosscutting concepts 3% A& 5.
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Professional Knowledge and Skills (BEPH#15% « £
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7eXFEELT,

Engage in critical reflection on their own
teaching practices to continually improve their
instructional effectiveness.23&%.
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FRECH 5 228 X B S S USRS VLB THLHE)
=R WERT D, FL LN T WNZEX
ORUNEDT VAL "Bz, FTl >
BIETD. 7272 1EDTE1T T, {EoT2b D& A
ICRHE LSO SV RS IRES N TV, K21T
B NFENTIET D7, 3T ESH
T2Ex BSOS THD.
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Practices in a Sample Lesson Plan” CiX, 9 [&]#;
FHEOFREF ML ELBIEL, HESLEE
DEACDORE T ZFH T, WX, xRt
HHTEE D science practices =0 crosscutting
concepts ZENICANDZENTELHIOIT8>
o2&, RO IR EIVLEBEI ORI
S TENBSND FERIZZED F NI A D BfR
ERDDHZEDERSNTZ.  Leigh K. Smith K
®” Elementary Teachers’ Experience, Subject
Matter Knowledge, and Knowledge of Student
Misconceptions” CIL, Z B ORBRELE/NFA
DIA= BT var EORREMR~TRER, £
DIFBMRL W ER G2~ T BB R
TN ELED, MiEST-HE EOEFBHLT T
LB NOIREEZ - IR Aa T YAy
IZEDRLT NI ThH o7,

@graduate students forum
FRIIBIML T FAED A LD RN
bolz. KSIXEDRRT-ThDH. LTI, BIFED
FAORE, BIELHENL, REEORKLE
RFZRDDJENTONIZ. FTo, HIRNFE
L, BIRERD TV D58 o7, FALE
NOFRIBNMUTEEIL, ZOIHRFHED %
LD BT ED B E AL T DEMIZSN
LIcZENRND TETHHMEE »72. FAER O
HTC, & 2 O EZTRDTZVIERR O A 70 L2 3k
ALV TELZLIFETHLHEER THS. HARE
NOHBEFRTBNTHZOII AR O
DBEGRDDLZLIFEELNEED.

126



127

X5 graduate students forum M5

3. BhYIc

LB DPEKIZFAZES THID TORERTH -
To. TAUITBEMBCE, BB, BEUIEL
ERE A IR RUZBW T, STEM HE T E AT
HTEERFE T, EEIFLEODRNBONELD
NORFORELFIN TR 75281210
ENRNTWAHEIKU 7. Practices, Crosscutting
Concepts (CC), Disciplinary Core Ideas (DCI)&W
I3ODBLRITIHICEHEHINL TV, Zhb
DB, 5B ARKDHE BV THHEEIIR
HEED . FRBLG TE O TWDE, BP0k
(BRI I Z B T D R L DAL BET D52 H
%, TAUHTHLZO STEM #HHB BT B LI

DWTIMFTE D F R > TWDIEL o7z,

PEDOBEAZ B Z Tt bR TR %
BZDZELRIZHOMETHS. NSTA DOFL
Preservice Science Standards {Z-DVNTD &y =
VO, N EIC R BEE R T T AV AL
B0, 1 >OFEFHEEEOLL, 2ERYICIH
WLTZHBEHEDD AR, ZOEPRATEEE
S, BARIZESTIVIWHZHAEFEEZ S %L A
EINZETAZEICRBR I LT e o7z,

[sTik]
[1] NSTA, “2012 NSTA Standards for Science
Teacher Preparation”, 2012,

http://www.nsta.org/preservice/docs/2012NSTA
PreserviceScienceStandards.pdf

[2] National Research Council, “A Framework for
K-12 Science Education”, 2012,
http://www.nap.edu/catalog/13165/a—framework
—for—k—12-science—education—practices—crosscut

ting—concepts

[FEE]
A ET, RREFEN B ORI E (B) O
TEASZITEL. ZDICESEE L T ET.

127



128

STEM EDUCATION IN MIDDLE SCHOOL
(Study about STEM Education at Middle School Level in America)
Lely Mutakinati and Kumano Yoshisuke

Graduate School Science and Technology of Shizuoka University

A. BACKGROUND

America is one of country who develop STEM education successfully, because all of
stakeholders participate actively to implement STEM education in schools. STEM education
is one project that funded with big budget by American government. STEM education is one
implementation model learning of Next Generation Science Standard (NGSS) that involve
science and engineering practices. Minnesota city has STEM education center that supported
by University of Minnesota established 2009. Therefore, researchers, teachers, and students in
Minnesota city familiar and expert in implementation of STEM education. In ASTE
conference, many educational and psychology researchers from all states of America have
presentations in STEM education.

This educational observation has goals for improving knowledge about implementation
STEM education and improving ideas to develop STEM education model. There are some
curiosities about STEM education in America: How implementation of STEM education in
each state of America especially for middle school level; Whether implementation of STEM
education adopt all of ideas of NGSS; How far content knowledge that taught to students;
Whether the content knowledge must have follow the NGSS or not. What kind of Project-
Based Learning (PBL) implemented in STEM education; What kind of problems showed to
students; What kind of kits are used in STEM education for middle school level.

Middle school is a particularly important time in general, with many students beginning to
consider possible career options. The opinions they have about STEM subjects at this age will
be taken through to further years, with previous experiences or perceptions dramatically
impacting their future choices. Despite being such a key time, middle school teachers often
have limited resources, with school protocol invariably dictating that other subjects take
precedence over STEM (Bamberger, 2103).

These results of observations will contribute for researching and development STEM
education learning in Japanese and Indonesian middle school level. Standard contents
knowledge of Japan, Indonesia and America are different, therefore, it could be a challenge to
educational researchers, teachers, and students. Perhaps, students will achieve new experience
learning that have benefit to their future when students conduct STEM education learning.

B. REPORT OF ASTE CONFERENCE IN BALTIMORE

Workshop

1. Exploring Invention Kits

(David A Slykhuis, James Madison University, James Rutter, University of Virginia)

We learnt about how to incorporate engineering principles into science methods courses by
completing the construction invention kits. Electric motors were invented in the first half of
the nineteenth century. However, batteries — the only power source available at the time —
were not powerful enough to allow electric motors to realize their full potential. This required
invention of the electrical power grid at the end of the nineteenth century. By the early
twentieth century, the combination of these two inventions transformed manufacturing. Along
with other inventions of that era, this transformed the United States from an agricultural
nation to the world’s leading producer of manufactured goods.

Bar Magnet + Magnetic Motor
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The bar magnet on the left attracts the magnet on the right when opposite poles of the two
magnets are facing one another.

| N -

Rotate the bar magnet by moving the mouse across the screen from left to right. As the
poles of the bar magnet alternate, the magnet in the motor on the right moves back and forth
as it is alternately attracted and repelled by the changing polarity of the bar magnet.

Magnetic Alternator & Magnetic Motor

The mechanism on the left is a magnetic alternator. The crank rotates the magnet causing

the poles of the magnet to alternate.

8 . a RE
Picture 1. Magnetic alternator and magnetic motor
Turn the crank by moving the mouse across the screen from left to right. As the poles of
the rotating magnet alternate, the magnet in the motor on the right moves back and forth as it
is alternately attracted and repelled by the changing polarity of the rotating magnet.
Electromagnetic Motor
The battery on the left sends a current through the electromagnet on the right. The magnetic
field in the electromagnetic moves the magnet.

Picture 2. Electromagnetic motor

Turn the crank by moving the mouse across the screen from left to right. As the battery
rotates, the electrical current is reversed, reversing the polarity of the electromagnet. The
changing polarity of the electromagnetic causes the magnet in the motor to move back and
forth.
Electronic Alternator

Invention of the vacuum tube made electronic alternators possible. The electronic
alternator controls the rate at which the current changes from positive to negative polarity and
back again. Connect the audio output of the computer to an amplifier. Connect the output of
the amplifier to a linear motor. Adjust the rate of alternation to 5 times per second. And then
click the “On/Off” button to turn on the electronic alternator. The linear motor should move
back and forth 5 times per second.
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Picture 3. Electronic alternator
2. Exploring the Use of Simulated Classroom Environments to Develop Elementary
Science Teachers, Ability to Facilitate High Quality Discussions Focused Argumentation
(Jamie N Mikeska, ETS, Adam Devitt, NYU)

This workshop observed an example of a teacher’s performance in the simulated classroom,
and discuss how these types of tasks can be used within elementary and middle science
method courses and professional development settings.

Designed soda can crushers proved to be a useful engineering design challenged to
introduced engineering design processes at the elementary level. Using relevant children's
book aligned with the phase of the engineering design process made soda crushers design
challenged more appealing to elementary students. All of students experienced the
engineering design process as if they are real engineers. Engaging elementary students in soda
can crushers design challenge helped them develop more informed ideas about what
engineering is and what engineers do.

Picture 4. Crusher can
Introducing engineering design in early at the elementary and middle level and connecting
it with relevant reading and writing activities can inspire students to select STEM careers in
the future.

Poster Sessions

1. A Comparison of STEM vs non-STEM majors as career changers in the middle
school classroom

(Michelle Fowler, Clemson University, Lienne Medford, Converse College)

This project responds to a gap in the research that examines the differences in success
between STEM and non-STEM middle level math and science teachers. It looks at how
background and preparation affect teacher and K-12 student success. This project benefits
NSF as it provides information about what types of teacher preparation programs and
candidates may experience the most success in the public schools.
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This NSF-funded longitudinal study looks at the self-efficacy and effectiveness of STEM
vs. non-STEM majors as career changer teachers in the middle school math and science
classroom. Survey, interviews, and K-12 student scores are used to support conclusions.

Data collected in a longitudinal student comparing STEM and non-STEM career changers
based on interviews and then based on interviewees’ K-12 student scores. Data shows that
program graduates in longitudinal study are doing for better than the state average in both
math and science standardized K-12 test scores.

2. Investigating Student Attitudes and Achievements in K-12 STEM Classrooms: A
Preliminary Meta-Analysis
(Ibrahim H Yeter, Purdue University, Cristina Diordieva, Texas Tech University)

This study provides preliminary results on the relationship between student’s attitude and
achievement in K-12 STEM classrooms. The study uses meta-analysis technique to examine
10 qualified recent studies consist of 18 effect sizes. There is a total number of 25,113 K-12
students participated in and out of the U.S with various effect sizes among the grade levels.

3. Merging classroom and field-based investigation to support students’
understanding of water quality: The impact of a science field camp experience

(Cathy Wissehr, University of Arkansas, Lisa Wood, University of Arkansas, Madison Brown,
University of Arkansas)

Students studied macro invertebrates as water quality indicators through a variety of
hands-on activities during a residential field-based environmental education experience with
student drawing used to analyze the impact of concepts learned. Results demonstrated a
decrease in understanding environmental issues in general, but an increase related to macro
invertebrates as indicators of water quality.

Traditional Paper Set
1. Supporting K-12 Teachers’ Instruction about Water using Scientific Modeling
(Tina Vo, University of Nebraska-Lincoln, Cory T Forbes, University of Nebraska-Lincoln)

Elementary teachers play a crucial role in supporting and scaffolding students’ model-
based reasoning about natural phenomena, particularly complex systems such as the water
cycle. However, little research exists to inform efforts in supporting elementary teachers’
learning to foster model-centered, science learning environments. To address this need, they
conducted an exploratory multiple-case study using qualitative research methods to
investigate six 3rd-grade teachers’ pedagogical reasoning and classroom instruction around
modeling practices (construct, use, evaluate, and revise) and epistemic considerations of
scientific modeling (generality/abstraction, evidence, mechanism, and audience). Study
findings show that all teachers emphasized a subset of modeling practices—construction and
use—and the epistemic consideration of generality/abstraction.

There was observable consistency between teachers’ articulated conceptions of scientific
modeling and their classroom practices. Results also show a subset of the teachers more
strongly emphasized additional epistemic considerations and, as a result, better supported
students to use models as sense-making tools as well as representations. These findings
provide important evidence for developing elementary teacher supports to scaffold students’
engagement in scientific modeling.

2. Strengthening High School Science Teachers’ Inquiry Instruction through an
Authentic Green Chemistry Research Experience
(Suzanne Nesmith, Baylor University)

This study explored the impact of an authentic, scientist-teacher partnership research
experience on high school teachers’ understanding and utilization of classroom-based inquiry
instruction in general and green chemistry specifically.
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Findings provide implications for professional development experiences and attainment of
classroom-based inquiry instruction goals.

3. Informal STEM Afterschool Program: Preservice STEM Education Majors,
Engineering Majors and Diverse Middle School Students
(Anne P Gatling, Merrimack College, Cynthia Carlson, Merrimack College)

This study explained newly redesigned afterschool STEM program and its impacts on
diverse middle school students as well as the STEM Education preservice teachers and
Engineering students involved in the Community Partnership Afterschool Programming. Prior
survey results had indicated a decrease in girls’ science enjoyment and perseverance
4. Guiding Students Toward STEM Career Pathways
(Shana Lee, Mississippi State University, Ryan Walker, Mississippi State University)

As the demand for STEM careers increases, undergraduate STEM enrollment is
progressing at a slower rate. Student’s social views and misconceptions about STEM career
pathways influence career choice. Providing teachers with tools to embed aspects of career
explorations into the STEM classroom, help increase the retention rates in STEM degree
programs.

5. STEM Readiness: Connecting Science, Engineering and Business
Entrepreneurship with Middle School Teachers and Students

(Amy Cox-Petersen, Cal State Fullerton, Jidong Huang, Cal State Fullerton, Pradeep Nair,
Cal State Fullerton, Kim Case, Cal State Fullerton, John Jackson, Cal State Fullerton, Len
Annetta, East Carolina University)

This paper outlines findings related to STEM-Inc, an afterschool program in four southern
California middle schools that combines team-based, real-world engineering and computer
science projects with business entrepreneurship concepts.

6. Chemistry students’ understanding of dissolving and associated phenomena: The
case of sodium chloride
(James M Nyachwaya, North Dakota State University, Katherine Carman, Drake University)

This study explored general chemistry students’ understanding of the process of dissolving
sodium chloride in water, and the nature and chemistry of the resulting solution. The study
also sheds light on students’ use of relevant academic language and the nature of conceptual
understanding this revealed.

7. A Qualitative Content Analysis of Scientists using the DAST-C in Middle Grade
Science Textbooks
(Rebecca Hite, Texas Tech University, Carolanne Grogan, Texas Tech University)

Students’ perceptions of scientists continue to captivate educators and researchers. This
study examines images of scientists using Draw a Scientist Test (DAST) framework from the
3 major (American) middle grade science textbooks. Results suggest that science textbooks
may reinforce stereotypical views of scientists and scientific endeavor.

8. Teaching Old-dogs New Tricks: Creating Space for Project-based Learning in a
Vocabulary-focused Classroom through a Year-long Professional Development

(Rory J Glass, State University of New York at Albany, Alandeom Oliveira, State University
of New York at Albany)

This study explained the results of a year-long professional development project working with
high school teaching teams to improve the learning outcomes of ELLs in content area classes.
The results that suggest explicit instruction may be less effective than simply working with,
an around, language artifacts; as long as the context is familiar.

C. REPORT OF STEM EDUCATION IN MINNESOTA
1. Minnesota Department of Education

Minnesota is a lead state in the development of the Next Generation of Science Standards.
This is a cooperative effort of several states to provide standards that could be adopted by all
states. The standards are based on 4 Framework for K-12 Science Education developed by the
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National Research Council. The framework sets the vision for science education and
identifies science and engineering practices, core disciplinary ideas, and cross-cutting
concepts.

The Frameworks for Minnesota Mathematics and Science Standards is an online resource
for use by educators for planning instruction, professional development, curriculum design
and assessment. It provides instructional resources directly connected to each standard. It also
has sections focused on best practices and standards implementation. The Minnesota STEM
Network is a project to improve STEM education in Minnesota by addressing critical issues
and forming collaborations across the state. The project is sponsored by SciMathMN
a. STEM Education in Middle School Level

STEM (Science, Technology, Engineering, Math) education is critical to Minnesota's
prosperity, developing workers with the skills to meet 21* century employment needs.
Explore data, research, and resources to support people in STEM can be seen in picture 5.

EARLY CHILDHOOD MIDDLE SCHOOL HIGH SCHOOL EARLY-MID CAREER
POST-SECONDARY

Out-of-school Certificates/
activities degrees

Employment

prsﬂ

Occupational

Early childhood Interest
needs

sCreening

Teacher supply Interest/
ability

Math

proficiency

Classroom

time

3 S LN &ii &

Support Inspire Make conflections  xcite, challenge, Work, advance,
early learnin, i i
¥ g interest build foundations and prepare and innovate

Disparities: Gender, Income status, Race/Ethnicity " mn

Systems and supports: Home, School, Community nBc m

(Sources: Minnesota Compass Minnesota Department of Education, Minnesota Comprehensive Assessment, 2018)

During middle school, students should have meaningful experiences that inspire, build
connections, and help them see themselves in STEM. Students also need to build a solid
academic foundation to succeed in high school math and science coursework, as well as the
ability to apply STEM knowledge and skills to solving real-world problems.

Shoring up teachers' skills is a high leverage point for increasing the number of students
who attain STEM degrees. Classes taught by teachers licensed for the assignment provides a
measure of the supply of qualified STEM teachers. As discussed on the "Best practices" tab,
research literature also indicates substantial changes are  needed in teacher preparation and
professional development.

Out-of-school-time experiences provide important opportunities for engagement in STEM.
The percentage of 8th-grade students who participate in science activities not for schoolwork

provides a measure of informal education.

Percent of 8th graders doing science activities
not for school by gender

Minnesota, 2009-2015
50%

40%

W% Female

1 Male
20% 3 Minnesota (all]

10%

0%
2009 201 2015

(Sources: Minnesota Compass Minnesota Department of Education, Minnesota Comprehensive Assessment, 2018)
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Eighth-graders were asked how much they disagree or agree that they do science-related
activities that are not for schoolwork: strongly disagree, disagree, agree, or strongly agree.
Combines response categories of “agree” and “strongly agree.”

Proficiency in 8th-grade math provides a measure of whether students are on track to

pursue more challenging math coursework in high school.
8th grade students achieving math standards

Minnesota, 2006-2017
100%

80%

60%

x MCA-II

MCA-III
40%

20%

0%
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

(Sources: Minnesota Compass Minnesota Department of Education, Minnesota Comprehensive Assessment, 2018)

Until 2010, 8th grade students took the mathematics MCA-II (an assessment aligned with
the 2003 Minnesota Academic standards). Since 2011, 8th grade students have taken the
mathematics MCA-III (an assessment aligned with the 2007 Minnesota Academic standards).
Because mathematics MCA-II and MCA-III test specifications are different, users are
strongly cautioned against comparing data or drawing conclusions about mathematics
achievement between the two tests

b. Family, School and Community Engagement

The development of strong collaborations between schools, families, and communities is
an essential component for student academic success. The resources on this site are intended
to assist parents, schools, and districts in strengthening partnerships between schools, families,
and their communities to increase student achievement. Each module contains:
e A needs assessment to assist schools/districts in identifying strengths and areas needing
improvement.
e Research, best practices, and resources related to the topic.
e A toolkit, which includes handouts, presentations, action plans, examples, SMART goal
templates, and more to help school teams develop strategies and plans for that topic.
e Policy and procedure samples and ideas.

2. Bakken Museum

The Bakken Museum acquired its name from Earl Bakken. Bakken was born in 1924 and
grew up in Minneapolis and received his training in electrical engineering at the University of
Minnesota. The Bakken, previously known as The Bakken: A Library and Museum of
Electricity in Life and known in the past as the Medtronic Museum of Electricity in Life,
located on the shores of Lake Calhoun in Minneapolis, Minnesota in the United States, is the
world's only library and museum devoted to medical electricity.

Many programs conducted in Bakken Museum for students, there are Camp, Classes,
Fieldtrip, and Outreach. One of activities in Classes program is Electricity. Students was
provided some experiment about electricity. They have interested classes using material from
daily life and muppet show to explained the history of electricity.
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(a) (b)
Picture 5. Materials for Classes Activities in Bakken Museum

Besides that, The Bakken Museum using 4 steps for student activities in classes program

and made students enjoyed in their activities.

Picture 6. Students activities in Classes Program

3. Farmworth Aerospace Magnet Middle School

Farmwort Aerospace Magnet Middle School dedicated staff encourages experimentation
and engages imagination. Students work on teams to solve complex problems, and each
success builds confidence for the next challenge. Every student in grades 5 - 8 participates in
aerospace and engineering classes and has the opportunity to fly in the flight simulator lab.
Farnsworth students learn from experts and speakers and have many opportunities for field
trips that expand learning outside the school walls.

Families are encouraged to learn together through aerospace and engineering family
nights and events. Students thrive there through inspiration, imagination and commitment to
become a future leader.

Farmwort Aerospace Magnet Middle School has a vision that imagine a 5 to 8 school
where all staff are involved in ensuring multiple opportunities for each student to experience
academic growth in Reading and STEAM (Science, Technology, Engineering, Aerospace and
Mathematics).

Aerospace Technology Department implements a strong standards based curriculum
including:

o  Flight Simulators

o Engineering Classes (Project Lead the Way)
e  Flight Site

e eCar

e LEGO Robotics

e Aecrospace Field Trips

e Guest Speakers
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Picture 7. LEGO robotics

The Farnsworth
Engineering Process

Idantify the Problem

Share Solution

Picture 8. Engineering Processes in Farmwort Aerospace Magnet Middle School

D. SUMMARY

American government provides students excellent education framework in science,
technology, engineering, and mathematics (STEM) to prepare them to success in the global
economy and workplace force. Implementation of STEM education in America especially for
middle school level has already developed in many subjects (chemistry, biology, and physic).
The teaching materials of STEM education well improve and connect to daily life.

STEM education at all schools can help achieve the goals of 4 Framework for K-12
Science Education: Practices, Crosscutting Concepts, and Core Ideas and the Next Generation
Science Standards (NGSS), the new science education standards that many states in the U.S.
have adopted or are in the process of adopting. Schools often approach STEM education in
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their own ways due to their own unique populations, challenges, and needs. For example, in
Minnesota integrated STEM education intentionally links the Minnesota K-12 Academic
Standards in Science (2009) and the Minnesota K-12 Academic Standards in Mathematics
(2007) as well as standards for Literacy in Science and Technical subjects included in the
Minnesota K-12 Academic Standards in English Language Arts (2010). The informal
education sector, including museums and science centers, is a critical component in the
overall ecosystem of STEM education. One key area informal institutions contribute to the
ecosystem is through teacher professional development.

So many middle school students fail to understand how it fits in with their own goals or
world; at this age, they are often unable to see the connection between what they are learning
and their own life. Foster a link between STEM and their own experiences, such as explaining
how technology enhances their life, and how STEM is literally all around them but often gets
taken for granted, such as electricity and crusher can. Regularly talk about science news, and
the amazing discoveries and strides that are being made. Another way to implementation
STEM in middle school is using Project Based Learning. Through an integrated approach to
STEM education focused on real-world, authentic problems, students learn to reflect on the
problem-solving process. Research tells us that students learn best when encouraged to
construct their own knowledge of the world around them.

Success in STEM requires both technical and non-technical skills. Curiosity, the ability to
think logically and creatively in problem-solving, communication skills and the ability to
work in teams are all required to succeed in STEM careers. Mathematics and science
knowledge are an important base for all STEM workers. Students need to be inspired in
STEM subjects beginning in the middle school grades with coursework and extracurricular
activities focusing on honing problem-solving skills in the high school grades. After high
school, STEM career requirements are more specific to the specific occupations.
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ASSESSEMENT OF STEM CONCEPTUALIZATION IN PRE-SERVICE
STEM TEACHERS (BELIEF, CONTENT KNOWLEDGE AND PCK)

Pramudya Dwi Aristya Putra

Graduate School of Science and Technology, Educational Division, Shizuoka University

Abstract

This study explained an observation that conducted in Baltimore and Minneapolis,
USA, January 4th — 10th, 2018. The methodology was used in this study only observation and
discussion about preparedness pre-service STEM teachers of STEM conceptualization. The
first explanation in this paper described activities, which the author followed in ASTE annual
conference. The second explanation described activities which author followed in
Minneapolis. The last part of this work explained resume and authors point of view from all
of the activities had been conducted. The most important in this study is developing the PCK
model and implementing in the classroom. Evaluation of PCK in STEM education is stressed
because this part still develops and argues between researchers. Author believes that a merger
of content knowledge and pedagogical knowledge is needed in STEM education.

Keyword: PCK, STEM Education, pre-service STEM teachers.

INTRODUCTION

Science, Technology, Engineering, and Mathematics (STEM) education is included in
an integration model. The concept of integration is putting different subject areas together. An
emergence of STEM integration is based on real-world problems that have not been solved in
one separate subject but use general points (Wang, Moore, Roehrig, & Park, 2011). To create
integration, making connections becomes important to generating harmonies between subject
areas. It seems STEM could be effective in teaching some concepts one way. On the other
hand, if the connection between STEM subjects is not apparent, the desired integrated STEM
will be lost (English, 2016).

To use STEM in a classroom, educators need to be well prepared. They need both
STEM content knowledge (STEM CK) and STEM pedagogical knowledge (STEM PK)
(Rogers, Winship, & Sun, 2015). These are fundamental elements of teaching that Shulman
(1986) has formulated as Pedagogical Content Knowledge (PCK). Without STEM CK,
educators would not seem confident to show their knowledge, and without STEM PK, they
would have difficulty transferring their knowledge to students. PCK represents a more
complex set of skills that require educators to merge their mastery of content with their PK
(Marshall, Smart, & Alston, 2016). Educators who have high PCK are able to implement the
most effective practice for teaching subject-specific concepts as they support meaningful
student learning (Shulman, 1986).

A problem with PCK arises when the STEM integration is widely applied to the
classroom. According to Shulman (1986), PCK has a specific subject or topic. It is a
challenge to assess PCK in pre-service STEM teachers (Berry, Friedrichsen, & Loughran,
2015) because STEM integration is not a subject-specific area. Based on the STEM
characteristics, educators who implement STEM integration might master not only in one
subject but a cross-subject area in which the integration is needed. (Moore et al., 2014) have
given an example that engineering could be a way to integrate science and mathematics, so
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the STEM component will be interconnected. In her conclusion, a framework of engineering
education could be used to guide the development of curricula and engineering in integrated
STEM education settings. Additionally, (Bybee, 2013) has given nine models with which to
integrate STEM, but they have still left a chance for educators to develop the integration of
STEM based on their understanding. Although many of the researchers have developed
STEM integration training for educators, to the best of our knowledge, this study focuses on
an exploration of PCK in STEM education.

This study explores preparation pre-service science teachers in STEM education. The
exploration based on the ASTE 2018 conference in Baltimore and field trip in Minnesota,
USA. The question research that guide this study are as follows:

1. What are the ways to prepare pre-service science teachers of STEM conceptualization?
2. What are models for improving STEM conceptualization in USA?
3. How to assess the teachers STEM conceptualization in the professional Development?

RESULT ACTIVITIES
Exploring Invention Kits,
By David A Slykhuis, James Madison University
This section engages all participants to design engineering activity by invention kits.
These kits consist of a linear motor invention that divided to be seven sections and each group
practiced by following a tutor instruction. Those parts are:
Bar Magnet and Magnetic motor
Magnetic alternator and magnetic motor
Electromagnet and magnetic motor
Electromagnetic motor
Tone generator
Solenoid Motor
The simple design was presented in this workshop and the kit made of simple things. I
described an example in figure bellow.

SNk =

Figure 1. An example of result from the invention kits section

An application in the real world explained briefly in using a sound system. Tutor
showed how the sound system (speaker) would work by only paper, wire coil, and amplifier.
Interestingly in story sections is that using of technology was dominant because smartphone
was also used as one of the experimental equipment.

Integrating Engineering Design with Science and Language Arts within Context of the

Next Generation Science Standards
By Hasan Deniz, University of Nevada Las Vegas
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Background:

I joined in this section because the material is needed to design of engineering concept
in my research. Before the tutor started, the tutor explored a problem in the integrated state
environment. The presenting problems were:

* American recycle 1 billion aluminum soda cans each year

* Recycle aluminum saves more than 90percent of the energy required vs. producing
the new material.

* Aluminum cans can be recycled and back on the shelf.

After the presenting problem in front of a class, the participants asked for analysis
needed to solve those problems. The analysis needed to be conducted whether we need soda
crusher, how much money they are willing to spend on a soda can crusher, and what qualities
they are looking for in a soda can crusher at the beginning program. As a starting point in
engineering process that imagination is needed to make a simple idea. The simple design was
chosen to be more efficient than seemingly elaborate designs idea. After the participants
sketched on a paper, we arranged to be a paper prototype of a can crush by equipment
provided. Those equipment were pegboard, L Shape corner brace joint right angle bracket,
Socket Head Cap Screw, Hex Nuts, Flat Washer, Standard adjustable wrench, Hex key Set.
While the participants constructed the can crusher, the tutors continuously watch each group
that consists of three persons and offered help as needed. After finish for constructing the
soda can crusher, we tested to match and evaluation our result.

I bolded keys word of engineering process in the paragraph. A designing soda can
crusher was to be useful engineering design challenge because it can introduce engineering
process design at an elementary level. At the end of this class, tutor explained Nature of
engineering aspect that I described those aspects below.

1. Empirical

Engineering optimizes their design solutions and compares alternative solution based on
evidence obtained from test data.

2. Demarcation

Engineering is systematical engaging in the practice of design to achieve a solution for
specific problems. Engineering applies their understanding of the natural world (scientific
knowledge) to design solution for real-world problems. These endeavors result in new
technologies.

3. Tentative

A phase of engineering design process does not always follow in order, any more than do
the “steps” of scientific inquiry. At any phase, a problem solver can redefine the problem
or generate new solutions to replace an idea that is just not working out.

4. Creative

Creative and imagination of engineers play a major role during the engineering design
process. The role of creativity and imaginations is not limited to any specific phase of the
engineering design process.

5. Engineering design process

Defining and delimiting engineering problems involves starting the problem to be solved
design solution to engineering problem begin with generating some possible solution.
Optimizing the design solution involves a process in which solution is systematically
tested and refined, and the final design is improved.

6. Subjective
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There is no unique solution to an engineering design problem. While there can be many
solutions to the same problem, some of these solutions may be more suited to meet the
criteria and constraints of the problem.

7. Sociocultural Embeddedness

Engineering is human activity. There is a continuous interaction between engineering and
society. Sociocultural factors influence the engineering design process, and in turn,
engineering influences the society. These social and cultural factors include social
composition, religious, worldwide, political, and economic factors.

8. Social

Engineering is not a solitary pursuit. Engineering design solution is constructed through
social negotiation. Despite their differences, members of an engineering community share
a common understanding, traditions, and value. This social dimension enhances the
quality of engineering design solution.

(January 5, 2018)

Using Biography to Support pre-service science and engineering teachers learning about
engineering practices and Habits of Mind

Pamela S. Lottero-Perdue, Towson University

In this section, presenter began briefly reviewing the NGSS Scientific and Engineering
Practices, and then described eight engineering habits of mind

a. The NGSS Scientific and Engineering Practices
Scientific Practices Engineering Practices
Asking Questions Defining Problem

Developing and Using Models

Planning and Carrying and Investigation
Analyzing and Interpreting data
Using mathematics and Computational Thinking
Constructing Explanation | Designing Solution
Engaging in argument from evidence
Obtaining, evaluation and communication information

0NN N | |W(N|— T

There are two practices for which a distinction is made in the practices title between
what engineering and scientist do.
b. Eight engineering habits of mind

A list of engineering habits of mind by the NAE&NRC (2009) include:
e Considering technologies as parts of larger systems (Systems Thinking)
Being creative (Creativity)
Being Optimistic (Optimism)
Valuing collaboration (collaboration)
Communicating in multiple ways (Communication
Attending to ethical consideration (Ethics)
Being driven to solve problems (Design to solve problems)
Being persistent and responding productively when design fail (Persistence
and productive responses to failure).
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The programs for teaching engineering in middle school science course major activities
are depicted in figure below.

Beginning of semester 22> End of
Semester

Major in Class | Intro | Science-Integrated | Science-Integrated Teach
Activities Engineering Engineering Design | Challenge 1 to
Design (Challenge | (Challenge 2) | students at a
1) connected to | local middle

biography content school
Course readings Engineering Biography N/A (Students
Methods Chapter are writing
lesson  plans
and reflection)

The biography : The Boy Who Harnessed the Wind (Kamkwamba&Mealer, 2009,
2015). Why this book had been chosen because this biography provided multiple examples of
its main character including NGSS Practices. Other hand, the book provide multiple examples
of William Kamkwamba engaging in engineering habits of mid, including the aforementioned
collaboration and failure habits.

The biography project has been a meaningful addition to this course. Avoiding the
myth of the hero, but it emphasize the way in which a non-engineer with a passionate desire
to solve problems in his village engages in practices and habit of mind. Students enjoy this
reading and seem inspired by that book.

(January 6, 2018)
Elementary Teacher Conception and Integrations Methods of iSTEM Education: An
Exploratory Cross-Sectional Survey Study
By Kathryn “Annie” Arnone, NASA Endeavor

A purpose in this section was to examine and describe a ways in which elementary
teachers conceptualize iISTEM education and the integrative approaches they use when
teaching STEM content, with the intent to inform the development of elementary specific
1STEM education professional development.
Methodology used, it was chosen five teachers to be interviewed. These teachers become
participants because they usually used a different integrative approach in their iSTEM
education lesson plan. Overview of purposeful sample is in table bellow.

Teacher | Grade | Rural/Urban Years of | STEM Ed. | Hours of
teaching continuum STEM  PD
Experience Attended

1 K Rural 12 Beginner 0

2 2 Rural 3 Beginner 10

3 3 Rural 12 Beginner 0

4 4 Rural 6 Beginner 5

5 5 Urban 15 Somewhat 10

Experienced
Result:

1. Teachers in this study were generally unprepared to implement iSTEM education,
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2. Teacher this study applied the iSTEM: Thematic integration (1), No Integration (2),
content specific integration (3), Methodological Integration (4), and Process specific
integration (5).

3. Based on the teacher misconception about iISTEM in point 1 and 2, a professional
development is needed. It will provide a clear understanding of iSTEM in elementary
teachers.

Differences in Teachers’ Practices and Ways in Which Their Conceptual Models of
STEM are Enacted Implementation of an Integrated STEM Curriculum Unit
By Elizabeth A. Ring , University of Minnesota

This research explained a professional development that conducted only in three
weeks. This is effectively short time to improve STEM conception for in-service teachers.
Figure bellow gives information the professional development.

Introductuon to unige
engeneerinfg STEM integration coaching data analysis Sesiun

Process conversation Curriculum wrltlng
content Breakout sessio curriculum writing

Throughout the 3 weeks of professional development, teachers worked together in
teams of two or three to develop a new STEM integration module assisted by STEM
education graduate students who served as a curriculum development partnered and
instructional coach.

It is imperative for facilitator of professional development related to integrated STEM
to recognize that these various models exist and to understand the importance of allowing
teachers time to reflect on their own conception of integrated STEM education both
individually and with others. There is no one-size-fits-all for K-12 educators when it comes to
an integrated STEM model, and this presenter only suggest that opportunities that encourage
deep reflection on one’s conceptual models and communication with others are important for
developing these conceptions from simple models to more complex model.

Minnesota Department of Education
There are five are committees to delve in specific topic:
a. Accountability
b. Assessment
c. English learners
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d. School improvement
e. Educator quality
The motto of the Minnesota Department of Education “Leading for education
excellence and equity. Every day for every one.” Education Equity is defined the condition of
justice, fairness and inclusion in our systems of education so that all students have access to
the opportunity to learn and develop to their fullest potential.

I joined in the Standards and Assessment meeting there. This standard provided a
quality assessment system that assures students receive a fair, equitable and high-quality
education. Based on that reason, the Minnesota Department of Education held a
comprehensive Assessment (MCAs) and Minnesota Test of Academic Skills (MTAS).

Aerospace And Engineering School (Grade 5 —8)

Model of school is aerospace system. This school has an integration model by own self.
STEAM stand of Science, Technology, Engineering, Aerospace and Mathematics. Students
demographic was described below

Characteristics Percentage
Students 620 students
e American Indian 0%
e Asian 63 %
e Black 19 %
e Hispanic 10 %
e  White 8%
English Language Learners 37 %
Special Education Students 13 %
Free and Reduced Price Lunch 80 %

The facilitate in this school include:

e STEAM programing, on-site flight simulator and provides the opportunity for students
to attend three national aerospace field trips each year.

e A team of ten Farnsworth students won first place

e Five Farnsworth students were awarded scholarship from the National Flight
Academy to attend the National Flight Academy in Pensacola, Florida.

e Farnsworth was recognized as a sustained exemplar positive behavioral interventions
and supports (PBIS) school by the Minnesota Department of Education.

e As a restorative practice (RP) programing site, Farnsworth serves as a model for the
district on how to implement its practice.

e Farnsworth is a recipient of three-year university of Minnesota Equitable Science
through parental involving science teacher, parents and researcher at the U of M

e AVID programming is implemented school wide to academically prepare our students
for collage readiness and success.

STEM center at Minnesota University

STEM center in Minnesota provide office of professional development that relationship
with teacher, researcher, and outside. I discussed about the Professional Development, what it
is conducted in Minnesota University. In my big question, how did invite the teachers to join
in Professional development. They explained that the STEM center in University of
Minnesota provided learning material before teacher were s invited. It is relation with my
work for dissertation, so I am still communicating with one of researcher in University of
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Minnesota. 1 talked about “Reforming Teaching Observation Protocol (RTOP)” that a
questionnaire set is to observe teachers teaching in classroom. A table bellow is a sample item
to observe teachers teaching in classroom based on RTOP.

Reformed Teaching Observation Protocol

I. Background Information

Name of teacher Purpose of
observation
(curriculum
implementation/
coaching/ other)

School Grade level

Subject observed Number of students

Observer Date of observation

Start time End time

II. Contextual Background and Activities

In the space provided below please give a brief description of the lesson observed, the
classroom setting in which the lesson took place (space, seating arrangements, etc.), and any
relevant details about the students (number, gender, ethnicity) and teacher that you think are
important. Use diagrams if they seem appropriate.

III. Field Notes

In the space provided below please provide a detailed description of observed classroom
events

IV. Lesson Design and Implementation
Never Very
Occurred Descriptive

1) | The instructional strategies and activities respected students’ prior 01112 |3 |4
knowledge and the preconceptions inherent therein.

2) | The lesson was designed to engage students as members of a 0|1 1(2]3 |4
learning community.

3) | In this lesson, students engaged in a meaningful engineering design [0 (1 |2 |3 |4
project/challenge.

4) | This lesson encouraged students to seek and value alternative 0|1 1(2]3 |4
modes of investigation and/or problem solving.

5) | The focus and direction of the lesson was often determined by ideas [0 (1 |2 |3 |4
originating with students.

V. Content
Propositional knowledge (knowledge of “what”) (items 6-10 refer specifically to
the targeted science and/or mathematics content of the observed lesson)

6) | The lesson involved fundamental concepts and/or big ideas ofthe |0 |1 |2 |3 |4
subject.
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7) | The lesson promoted strongly coherent conceptual understanding. | 0 4
8) | The teacher demonstrated strong pedagogical content knowledge 0 4
and student thinking about subject matter.
9) | Elements of abstraction (i.e. generalizing ideas beyond the specific | 0 4
context or situation) were encouraged when it was important to do
SO.
10) | Connections with other STEM disciplines and 0 4
engaging/meaningful context(s) were explored and valued.
STEM Reasoning
11) | Teachers and/or students used a variety of representations of a 0 4
phenomena, system or design (models, drawings, graphs, concrete
materials, manipulatives, etc.)
12) | Students made predictions, conjectures, prototypes, designs, 0 4
estimations, and/or hypotheses and devised means for testing
and/or determining what would count as evidence.
13) | Students were actively engaged in thought-provoking activity that | 0 4
often involved reflection and action on the critical assessment of
procedures and/or designs.
14) | Students were reflective about their thinking, learning, and /or 0 4
understanding.
15) | Students were encouraged to generate explanations, alternative 0 4
solution strategies, and/or ways of interpreting
evidence/data/results.
VI. Classroom Culture
This section addresses a separate aspect of a lesson, and completing these items should be
done independently of any judgments on preceding sections. Specifically the design of the
lesson or the quality of the content should not influence ratings in this section.
Communicative Interactions
16) | Students were involved in the communication of their ideas to 0 4
others.
17) | The teacher’s questions triggered divergent modes of thinking. 0 4
18) | There was a high proportion of student talk that advanced 0 4
understanding, and a significant amount of it occurred between
and among students.
19) | Student questions and comments often determined the focus and 0 4
direction of classroom discourse.
20) | There was a climate of respect for what others had to say. 0 4
Student/Teacher Relationships
21) | Active participation of students was encouraged and valued. 0 4
22) | Intellectual rigor, constructive criticism, and the challenging of 0 4

ideas were valued.
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23) | In general the feacher was patient with students. 0|1 ]2]3 |4

24) | The teacher acted as a resource person, working fo support and 0|1 ]2 ]3 |4
enhance student learning.

25) | The metaphor “feacher as listener” was very characteristic of this |0 |1 [2 |3 |4
classroom.

DISCUSSION

All of the result was indicated the preparedness of pre-service teachers to build of
STEM conceptualization.

Invention KIT related to the engineering process that they provided all of the
instruments for the participants arrange and discuss the electromagnetic topic. This session
described part of the STEM, which the technology could be trained to pre-service teachers.
This program has supported The National Technology Plan, US to help and guide pre-service
teachers in understanding what knowledge, skill, attitude are needed to integrate technology
to STEM field area (Slykhuis, Lisa, Thomas, & Barbato, 2015). The technology using in this
session showed clearly how STEM discipline interconnects and realize the integration of
STEM subject in society.

Technology process is needed to the engineering process. To consider how STEM
component is interconnected, engineering requires for application of the STEM education
(Moore et al., 2014). Engineering could be a bridge between science, mathematics, and
technology. The engineering process thinking gives many challenges because the term of
“engineering” is still new form to pre-service science teachers. For example in this ASTE
2018 meeting, Deniz (2018) demonstrated activities to improve engineering process thinking
among the conference participants. He asked the participants to present problem, analysis,
imagine, created a prototype, construct, test and improves. The engineering process permits to
back a starting point to create a contraction complete without giving up. Discussion between a
group or other groups is first designed to rise engineering thinking. This section described
what is and what engineers do. What Denis has done could be an example to conduct STEM
pre-service teachers training. He could integrated between science (pressure/force) and
engineering (design and create a prototype). This engineering thinking should introduce a
teachers candidate early mainly in science education with connecting content knowledge.

Another case, Lottero-Perdue, De Luigi, & Goetzinger (2015) used an approach to
compare the scientific practice and engineering practice. She has concerned to solve the
failure mind habit for engineering thinking. Persistence should appear when the STEM
activities run in the classroom. This funding describes that the “failure” is a deferent context
in engineering practice. This context is not final assessment when the engineering use failure
word. Failure needs evaluation, so it is not fixed of aims project. This concept produces a new
model in STEM education. She has compared and mixed engineering practices and
elementary education. The new model call engineering elementary education (P. Lottero-
Perdue & Parry, 2017)

Interestingly topic for prepare pre-service teacher education is how STEM
conceptualization has been evaluated in recent year. The integration of STEM education is not
only how the cross disciplines between STEM merge but associate with the content
knowledge and beliefs (Ring et al., 2017). If the teachers lack knowledge and belief to
understanding to integrate the STEM education, they probably can use specifically STEM
integration. Kathryn, (2018) ; Ring et al. (2017) explained that their researchers have been to
improve the understanding of STEM content knowledge teachers and how to implement an
integrated STEM curriculum, so they are available to use STEM integrate into the classroom.
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Professional development, particular in STEM education, need to help improve the STEM
integration, not in only one side subject, but it should balance between subjects. Although
many of the researchers conducted professional development in STEM education, we believe
that Ring et al. (2017) had used the shortest time in teachers professional development for
integrating STEM education. She’s finding that the science teachers who participated in the
professional development entered with conceptions of integrated STEM education that still
were ambiguous and relatively undeveloped. This finding suggested that preparing of pre-
service teachers in STEM education is needed before they will professionally teach in the real
classroom.

In the last of professional development, the program needs an evaluation to know how
the teachers who participated in professional development implement STEM education in the
classroom. Assessment in STEM integration was conducted in Minnesota of University.
There was developed STEM reformed teaching observation protocol (see table of RTOP) that
could be used to evaluate not only pedagogical knowledge but also knowledge of STEM too
(including PCK). The evaluation appears in RTOP have already fulfilled a PCK facets that
could use to assess PCK. The facets of PCK based on the Smith & Banilower (2015) are
knowledge of the students understanding about the content and knowledge of content-specific
strategies that can build students’ conceptual understanding. Obviously, the synchronization
between cross subject STEM, it is a teachers pedagogical knowledge to arrange a instructional
learning based on the what the content knowledge will communicate to the students (Radloff
& Guzey, 2016).

In this explanation of study, I only used a limited paper for build my research plan in
the ASTE annual conference (2018). This limitation was because some of the related topic
presented in same times with different places. I supported by investigate many of the articles
with, which I used to developed my research in PCK in STEM cross subject. My big question
to develop my future research is how to assess pre-service science teacher for implementation
STEM education in the classroom. In case of my research, I will developed of specifically
professional development in STEM education with emphasize the STEM content knowledge.
As already stated in introduction that is to make specific topic the content knowledge only in

energy.
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DEVELOPMENT AND EVALUATION OF SCIENCE
CLASSES USING A PLANT FACTORY AND LEVERAGING
THE STEM MODEL

(ESERA 2017 conference: Dublin 21-25 August 2017 T2 Proceedings)

Shuichi Yamashita and Masato MIYASHIMA
Chiba University, Chiba, Japan

The purpose of this research was to develop a learning program contextualized around
the plant factory and making use of the STEM model, and to evaluate the science lessons. The
plant factory was installed in a public junior high school because Urayasu City lacks
agricultural land, such as fields for rice or other crops. As the plant factory allows the
manipulation of plant growing environments, it was decided to have the students compare
growth states in both light and dark environments using bean sprouts. 51 junior high school
students received 100 minutes of instruction by using the observation set with the reading
material, and their understanding of photosynthesis was evaluated by a pre-test and post-test.

The research yielded the following three results:
1. The students recognized how plant factories work and solve issues such as food problems.

2. The students came to understand the fact that photosynthesis occurs in green arts with
chloroplasts.

3. The students became capable of correlating photosynthesis with the structure and function
of each organ.

Keywords: STEM, Plant factory, Photosynthesis

INTRODUCTION

In recent years, countries all over the world have begun focusing on education in the
fields of science and technology, and in the U.S., STEM education is emphasized as a priority
in science and technology related policies. STEM education collectively refers to education
in science, technology, engineering and mathematics, and in the U. S., it has become a
strategy for developing personnel in the field of technology. In 2012, A Framework for K-12
Science Education was published as a model for STEM education in the U. S., and the
publication discussed three aspects: Practices, Crosscutting Concepts and Disciplinary Core
Ideas. Next Generation Science Standards (NGSS), published in 2013, emphasize the
connection between science and engineering. The standards point out that a coupling between
practice and contents gives context to learning, and that students will become capable of
applying what they learn by integrating practice and contents, as a focus on practice results in
too many activities and a focus on content results in memorization.

In Japan, the definition of STEM education remains vague, and Kumano (2016) points
out that most of what is called STEM education frequently lacks the concepts that form the
core of scientific basics and all of their foundations. Shiota et al. (2016) point out the
difficulty of ranking STEM education as a specific subject for the purpose of introducing it
into Japan. In particular, engineering doesn’t exist as a subject in primary and secondary
education, and the concepts are not even taught. In addition, most STEM learning programs
on physics are focused on manufacturing, such as robot creation, etc., and there are a limited
number of learning programs on biology.

On the other hand, Japan introduced its first plant factory in 2016 using an empty public
junior high school classroom in Urayasu City, Chiba Prefecture. The actual plant factory
consists of the small-sized (6.0mx2.5mx2.1m) plant factory shown in on the left in Figure 1,
and six mobile, van-mounted plant factories as shown on the right in Figure 1. The plant
factory was installed in a public junior high school because Urayasu City lacks agricultural
land, such as fields for rice or other crops, as the majority of the city is built on reclaimed
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land, and this location would allow the students to experience seeding, transplanting and
harvesting vegetables, etc.

Figure 1. Small-sized plant factory and mobile plant factory

Currently, two students are selected from each class as Environment Officials who
conduct seeding, transplanting and harvesting. Class activities have included students
designing the exterior of the small-sized plant factory in art classes, and cooking the
harvested lettuce in home economics classes. There have been discussions about bringing the
topic up in science classes during the unit on photosynthesis and energy, but this has not been
realized.

Therefore, the purpose of this research is to develop a learning program contextualized
around the plant factory and making use of the STEM model, to enact this program in science
classes conducted at an actual junior high school, and to verify the results.

METHOD
Development of a learning program contextualized around the plant factory
1) The STEM model and plant factory activities

The plant factory is capable of controlling the plants’ growing environment, such as
lighting, air conditioning, nourishing solution, etc., and capable of growing plants inside the
classroom regardless of season or weather conditions. Applying the activities conducted in
the plant factory to the STEM model, it is possible to include each STEM element, as shown
in Table 1.

Table 1. Activities at the plant factory as applied to the STEM model

S: * Observation of germination and growth
Science * Observation of the structure and functions of plant bodies

* Observation of the interaction between living organisms and the environment

T: * Plant growing technologies
Technology

* Construction of plant growing environments

* Plant harvesting technologies

E: * Plant growth control

Engineerin . .
giheering * Improvement of plant growing environments

* Plant harvesting

M: * Measurement of plant bodies (length and mass)

Mathemati . . )
c cs + Calculation of water solution concentration
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2) Placement of the program within the science class

Fifth graders in primary school conduct observations on plant growth within the context
of studying “plant germination, growth and fruition” while regulating environmental
conditions, and they investigate and compare plant growth based on both factors. Sixth
graders conduct control experiments on photosynthesis using leaves within the context of
studying “plant nourishment routes,” and confirm using an iodine-starch reaction the
existence of starch within leaves that have been exposed to sunlight. The textbooks from the
main five textbook writing companies summarize the process as, “Starch forms in leaves
when they are subjected to sunlight,” but this description fails to mention the existence of
chloroplasts. However, the following description was found at the end of the unit in the
textbook from one company: “Photosynthesis uses sunlight to turn water and carbon dioxide
into oxygen and nourishment, such as starch, inside leaves.”

First graders in junior high school deal with photosynthesis within the context of
studying the “structure and functions of plant bodies” in “Plant Life and Species.” The
purpose is to learn the basic structural characteristics of the leaves, stems and roots of seed
plants, and to achieve understanding by relating these to photosynthesis, respiration and
transpiration through plant observation. In regard to colors and chloroplasts in plants, only
one of the five main textbook companies included the following description: “Chloroplasts
are found in all geen parts of a plant, not only the leaves.”

Kudo (2001) points out that, when studying photosynthesis in primary school science
classes, etc., students focus only on experiments that confirm the occurrence of
photosynthesis in leaves, but this leads to the belief that photosynthesis does not occur in the
stem and other parts even though they also contain chloroplasts. Based on the results of a
survey of university students, Uno (2005) also points out that students lack the basic
understanding of photosynthesis that “photosynthesis occurs in all parts containing green
chloroplasts,” and he points out the existence of the mistaken notion that “photosynthesis
only happens in leaves.”

Due to these findings, it was decided to show students in the class on the “structure and
functions of plant bodies” conducted in the first year of junior high school that photosynthesis
occurs in all green parts containing chloroplasts, within the context of the plant factory, and
to provoke thought by relating photosynthesis to the structures and functions of each organ.

3) Learning programs contextualized around a plant factory and that make use of the
STEM model

As the plant factory allows the manipulation of plant growing environments, it was
decided to have the students compare growth states in both light and dark environments using
bean sprouts, which junior high school students are also familiar with. When kidney beans
are germinated in dark environments, the hypocotyl grows abnormally long, the cotyledon
become small and yellow, and they become the white sprouts that the students typically eat.
However, when germinated in light conditions, green cotyledon form, and the plant becomes
green as it performs photosynthesis. It was decided to develop a learning program that could
dispel mistaken notions regarding photosynthesis and in which students could achieve
understanding by correlating the functions of each organ as they observe these results.

a) Development of an observation set

For the sprouts, it was decided to use green bean sprouts germinated from Phaseolus
aureus seeds (Figure 2).

First, Phaseolus aureus seeds were placed one by one into moist hydroponic sponges.
Two days after planting, after the Phaseolus aureus seeds germinated, they were transplanted
into van-mounted plant factories with either a light or a dark environment. The light
environment was set up to be illuminated by LED lights for the ten hours from 8:00 to 18:00 .
The dark environment was not illuminated by LED lights, and the plants were shielded by
covering the windows of the van in black paper, etc. Firm, robust, green leaves and stems
appeared in the light environment thirteen days after planting (Figure 3). Whereas, the dark
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environment showed more extensive growth as the stems grew to several times the length of
the stems in the light environment.

Figure 2. Phaseolus aureus seeds Figure 3. Thirteen days after planting

An observation set was developed so the students could observe growth states as the
learning program took place over a two class periods. A, B and C in Figure 4 show the
growth states four days, eight days and twelve days after planting, respectively. The red
portion on the left side shows those grown in the light environment, and the black portion on
the right side shows those grown in the dark environment. Using the observation set made it
possible to observe growth states in both light and dark environments within a short period of
time.

Figure 4. Observation set

b) Development of written educational materials

In order for the learning program to be able to take place within two class periods, in
addition to the observation set, written educational materials (Why are sprouts white? ~The
Relationship between Greening and Photosynthesis in Plants~) were as developed to achieve
understanding by correlating photosynthesis with the functions of the entire plant body using
the observed findings.

First, students reviewed what they had previously learned about photosynthesis, and a
focus was placed on the green coloring in plants. Next, “sprouts” were brought up as a non-
green vegetable, and the students were asked to predict what would happen if sprouts were
grown in light and dark environments in the plant factory. Using the observation set, students
observed the state of “sprouts” grown in light and dark environments in the plant factory.
Examinations were conducted individually and in groups. In addition, the program was
structured so that students could deepen their understanding of photosynthesis while reading
sections titled “Experiment and Observation Summary,” “The Green Color in Plants and
Photosynthesis” and “Various Vegetables and Chloroplasts.”
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Design and Participants

The science class was given to 51 first-grade students in two classes at a public junior high
school in Urayasa City. The class was conducted over the course of two class periods (one
period: 50 min) as a supplementary learning program within the unit on “The Structure and
Functions of Plant Bodies.” First, the students were given a ten-minute long preliminary
survey on the day before the class.

In the first class period, the students made groups of four to five people, and decided on a
leader. The written educational materials were then passed out, and the history behind the
establishment of the plant factory as well as how it works was explained. Efficiency and
safety regarding plant factories as well as the fact that plant factories are expected to become
a new industry were also explained.

Following this, the class proceeded in accordance with the written educational materials,
and the students reviewed that photosynthesis requires carbon dioxide, water and light energy
and that oxygen is formed as nutrients are synthesized through photosynthesis. In addition,
the explanation touched on the fact that chloroplasts are green because they contain a green
pigment called chlorophyll. Each group was asked to think about non-green vegetables, and
about whether or not non-green plants contain chloroplasts and conduct photosynthesis.
Sprouts were brought up as an example of a non-green vegetable, and the students were asked
to predict what would happen if sprouts were grown in a light or a dark environment in the
plant factory. For this, the students used the observation set, and observed the growth state of
sprouts in light and dark environments in the plant factory. Students identified that 1) plants
in the light environment became green, and those without light became white, 2) the stems of
the plants in the dark environment grew long, and 3) the roots of the plants in the light
environment grew well. The students recorded their examinations individually.

In the second class period, students reviewed the previous class, and talked in groups about
the differences in sprout growth between light and dark environments. The groups came to
consensus and reported their opinion.

Following this, the lesson was summarized in accordance with the written educational
materials, and a summary was made of “The Green Color in Plants and Photosynthesis™ and
“Various Vegetables and Chloroplasts.” Finally, a partially green taro potato was given to
each group, and the students were asked to think about whether it is a stem or a root. The
learning contents were organized using the “Class Summary” page, the class ended, and the
students were given a follow-up survey.

Figure 5. Science class

Data Analysis

In Question 1, students were asked to select one of four stages “4: Very applicable,” “3:
Applicable,” “2: Not very applicable” and “1: Not applicable” in regard to the following
items 1) ~ 7) both before and after the class, and the results were scored from 4 to 1.

1) I can explain what plant factories are.
2) I want to take a class and conduct activities using the plant factory.

3) I think the plant factory can solve issues in modern agriculture.
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4) I am interested in new technology.

5) I am interested in science-related occupations.

6) I think studying science is important.

7) I enjoy discussing and solving problems using scientific knowledge.

Question 2 focused on the color of plant bodies, and students were asked to select in part
(1) whether or not it is possible to determine that photosynthesis will occur if the green parts
contain chloroplasts, and to write the reason in part (2).

The correct answer for part (1) was that photosynthesis “will occur” in “1) green leaves on
a bell pepper plant,” “2) a green stem on a bell pepper plant” and “3) green peppers on a bell
pepper plant,” and that photosynthesis “will not occur” in “4) white roots on a bell pepper
plant” and “5) white flowers on a bell pepper plant.” Each question was worth two points, so
the section was worth a total of ten points.

Part (2) focused on chloroplasts, and students received two points if they were able to write
that photosynthesis will occur because green organs contain chloroplasts. One point was
subtracted for incorrect answers. Question 2 was worth a total of twelve points, combining
parts (1) and (2).

In Question 3, students were asked to explain the reasons for the colors and growth states
of the leaves, stems and roots of green plants in the experiment using light and dark
environments in the plant factory.

In regard to “color differences,” the correct answer for the color of leaves “that grew while
exposed to light” was “green,” for stems it was also “green,” and for roots it was “white.”

The correct answer for the color of leaves “that grew without exposure to light” was “yellow,”
for stems it was “white,” and for roots it was “white.” Each question was worth one point, so
the “color differences” section was worth a total of six points.

In regard to “growth style differences,” students received one point each if they were able
to write about differences in shape in plants that grew while exposed to light and plants that
grew without exposure to light, so the “growth style differences” section was worth a total of
six points.

In regard to “reasons,” students received one point each if they were able to write about
shapes and colors. Since there is no difference in the color of roots, students received two
points if they were able to write about two or more of the three aspects relating to differences
in shape: length, thickness and number. The “reasons” section was also worth a total of six
points.

Therefore, Question 3 was worth a total of eighteen points as “color differences,
style differences” and “reasons” were worth six points each.

99 ¢¢

growth

RESULTS

The results of examining the preliminary and follow-up surveys using the Wilcoxon
signed-rank test to determine the existence of any significant change between before and after
in regard to items 1) ~ 7) in Question 1 are shown in Table 2.

Table 2. Results of Q1 at pre-test and post-test(N=51)

pre-test post-test Z - value
I) explain 2.14(0.98) 2.92(0.87) -4.704%%
2) conduct 3.45(0.73) 3.63(0.56) -1.638
3) solve 3.04(0.82) 3.33(0.74) -2.599%**
4) interest 3.06(0.95) 3.25(0.85) -1.684
5) occupation 2.45(0.97) 2.61(1.02) -1.706
6) important 3.25(0.74) 3.33(0.77) -0.853
7) enjoy 2.71(0.81) 3.02(0.84) -3.266**

Wilcoxon signed-rank test **p<.01
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In addition, the results of the preliminary and follow-up surveys regarding Questions 2
through 3 are shown in Table 3, similar to Question 1. In regard to Question 3, the results are
also shown separately for leaves, stems and roots.

Table 3. Results of Q1 at pre-test and post-test(N=51)

pre-test post-test Z - value

Question 2(max12) 6.14 (2.03) 939 (2.71)  -5.154%**
Question 3(max 18) 439 (2.52) 8.53(2.86) -5.736**
leaves(max 6) 1.94 (1.29)  3.06 (1.35)  -3.475%*
stems(max 6) 1.12(1.07)  3.02(1.23)  -5.660**
roots(max 6) 1.33(0.82) 2.45(0.74)  -4.231%**

Wilcoxon signed-rank test **p<.01

DISCUSSION AND CONCLUSIONS

In regard to items 1), 3) and 7) in Question 1, a significant difference, with a standard of
1%, was found between the results of the preliminary and follow-up surveys. From these
findings, it could be said that, through the class, students came to understand how plant
factories work and came to recognize that plant factories are a means to solve issues such as
food problems, and that students learned that it is enjoyable to discuss and solve issues using
scientific knowledge. In regard to items 2) and 6), no significant difference was found
between the results of the preliminary and follow-up surveys. The school where the survey
was implemented is a pilot school for science, and the items already had the high average
score of 3.25 at the time of the preliminary survey, so the lack of a significant difference was
because the two-period long class was unable to evoke new interest in classes using the plant
factory or fresh importance for studying science. In regard to items 4) and 5), no significant
difference was found between the results of the preliminary and follow-up surveys. The class
failed to generate interest in technology and scientific careers.

In regard to Question 2, a significant difference, with a standard of 1%, was found between
the results of the preliminary and follow-up surveys, as the question focused on plant body
colors, it was possible to deepen understanding of the fact that photosynthesis occurs in green
arts with chloroplasts.

In regard to Question 3, a significant difference, with a standard of 1%, was found between
the results of the preliminary and follow-up surveys in all questions relating to each organ
type: “leaves,” “stems” and “roots.” In regard to differences in color and growth states for
each organ in a green plant due to the existence/non-existence of light, students became
capable of correlating photosynthesis with the structure and function of each organ.

Due to these findings, it can be said that students were able to deepen understanding of the
fact that photosynthesis in plants is conducted by green chloroplasts and that photosynthesis
in plants is a function of the entire plant body that is mutually related to the functions of each
organ, and it could be said that it the effectiveness of the developed science class was verified.

This research was conducted as a supplementary learning program in the form of a two
class period long learning program contextualized around a plant factory within the unit on
the “Structure and Functions of Plant Bodies™ in the first grade of junior high school. As
mentioned above, it was possible to achieve good results, but it was not possible to generate
interest in technology and scientific careers that emphasize STEM education within the two
period long learning program. It would likely require continued interaction with STEM
education to change the perception of junior high school students on these matters. In
addition, many of the answers to Question 3 were only half completed as it was not possible
to secure sufficient time to conduct the follow-up survey due to the fact that there is little
leeway in the junior high school curriculum. There is likely room for improvement in regard
to this as well.
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