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OHWHAETIREL, HEBRLET VO L= N7 v 7L, BEHFLRSTEMERFEANHROE L FIRNT 57200
BET->TWh, ZL—1F - 7)F U ROIETANT » FEETE (LIF, T4 F1) 2, EEFE) TiE, 20044E124
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R1. STEMHRBEOZHBLS (HE  ITEA, 2000) @

Technology ($4l7) (ITEA, 2000: p.242)

1. Human innovation in action that involves the generation of knowledge and processes to develop systems that solve problems and
extend capabilities. 2. The innovation, change, or modification of the natural environment to satisfy perceived human needs and
wants. (p.242).

1. RS AHOWREEZ IR T DV AT A2 BB SE LML Tu A0ER 2 &L, NHOWEEIZLAf / N=vary, 2. 38
SN AMO == XL R ZM7-3 7200, ARESEICHT L4 /7 R—=32 a3, 04, B,

Technological Literacy ($4ir') 75 > —) (ITEA, 2000: p.242)
The ability to use, manage, understand, and assess technology.

Poifr G, EH, PR, FEGS 2 R8T

Science (Ft2%) (ITEA, 2000: p.241)
The study of the natural world through observation, identification, description, experimental investigation, and theoretical
explanations.

B, MEOWIMEAL, Rk, FEBRICHED (P, BERESI 2 L7z BRA O,

Mathematics ($%) (ITEA, 2000: p.239)
The science of patterns and order and the study of measurement, properties, and the relationships of quantities; using numbers and

symbols.
Bt s ATy, T3y — v EBRIORE) & Taoile - - BRI OWTOWZE .

Engineer (> Y =7) (ITEA, 2000: p.238)
A person who is trained in and uses technological and scientific knowledge to solve practical problems.
EBOMEL RIS 572012, 77/ - YA I XOMEGEERL, BB E L THET 2 A (FRIIFEEFA)

Engineering (L. ¥ =71 > %) (ITEA, 2000: ITEA, 2000: p.238)
The profession of or work performed by an engineer. Engineering involves the knowledge of the mathematical and natural sciences
(biological and physical) gained with judgment and creativity to develop ways to utilize the materials and forces of nature for the
benefit of mankind.

ILVZT7HAREBTHAEMBE A EMEE (THIIERITFA)., =2 YV=71) v 7, NEOREO -0, BROEM &I EFIHT 572
DOFERBEET 57200 & AlEME TS BI, R ARERSE (AW, WEN) ORREEHT 5.

Engineering design (> =71 v 7 7% 4 ) (ITEA, 2000: p.238)
The systematic and creative application of scientific and mathematical principles to practical ends such as the design, manufacture, and
operation of efficient and economical structures, machines, processes, and systems.

A TREEN e, W, Tov R, YRATLAOTFTWA v, B BERED L) B, EBORMKHE (practical ends) D7z
D, BHFEL O IR ORI CRIER 722 15 o

Design (7% 4 ») (ITEA, 2000: p.237)
An iterative decision-making process that produces plans by which resources are converted into products or systems that meet human
needs and wants or solve problems.

ANH O ==X L 5okd 5 IZREBERT BgE L, BFEZEBR AT A2 2BOFMH 2 EANT 20O KENZEERE 7Ot
A o

Design process (74 »7u+t ) (ITEA, 2000: p.237)
A systematic problem-solving strategy, which criteria and constraints, used to develop many possible solutions to solve a problem or
satisfy human needs and wants and to winnow (narrow) down the possible solutions tone final choice

A D ==X EFCR O CHER RO 72012, FHIiEE (77470 7) LHlStr L L 2255, AL LS 2 SIR0 6 2 i
TATATREBHEAML, ZORPOEENLE—DDT A T4 T 2 BIRT L7200, KRR % BRI

_ Research (iiff72) Development (Ff%¢) Design (#%3t)  Production ($5%) Usage & Maintenance (HUR > & $5F5H)

>

Definition in Japan (BANES)
F4:% (Scientists) T4/ $iii % (Engineers) HEE® - 72 =3 % >~ (Technicians)

w Engineering (T5*) Technology (#%1ff) /* Technique (727 = )

V.
Definition in Europe/USA (FRAKDTEZ) :
Scientists
Engineering Scientists DTS a Engineers Technicians

Technological Science Engineering Technology
Engineering Science

1. RRKEBAD 112X, T77/A0—, T222Z27) 27, OBREROLHRR
[ o REFESHES, 2006 1 p.5 ZEEIMER, () OFMERIZEESTA]
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pp.58-59) ", KAE (2006) ", L5 (2016) WAFER L2 L1, FFEITWAZR W, Ty P=71) 7 i3,

FKLIRT LI, NEORZDOZDIZ, HROZM L T1EFIHT 57200 % 3T 5 720 O & AliEk %15
LRI, Bt BRERE CERN, WEN) OMBEAER T2, Ty =70 » 70 0&, TH#EE, TAEREA) oA
o9, UNF LT =Y, ANWHERE, B BRI U, BEEWREOSE - M H ORI, JRHEEHIC R
LTwa, ™Ay, Truy—,, T2y o=79 07 OBBREICET LR E AARDZEREIZONT
b, EATHRZEW WO ENT WS (K1), K TIlE, MResearch —Development — Design — Production —
Usage & Maintenance) O F Tk, ™A Lo A -F27 /0 ——-2 07 )07 =52 =y 27 THEDITS
NTCVLEEN SV, kT, B, i, =Y =7) v 7oiR%E, DT L) IHERT L8560% v, AH
&, BHFEIFZE B A L, B (V=7 ) ) AR T LI VT, HEMSRAFERT
ANZCHHENLEE, VAT 4, EREL T 2 GG 8 - WL E5G) LT, A IFIEHEINT, %
B VAT LENRA YT TV ASND, TV ZTIE, 72 /0Y—0NER, ) AT OREL D, Haiaic
W AEBELZHY, SWHHBIZ D 280 ESEE L) . —7, EPETIE, YA RETFT7 /Y —tD
HICMEST 200, Ty P27 0T Thb, Ty 7)) 7%, Bk BB (W, WHESS) oMk
TS THHMER) THDHEVHIERD L, ARTIE, TEE2SICHA~, TS EERN) L AENTS
R, ™ALy A WALV TH AN -0V =T )07 (ZyP=27)-727/70Y— (HRTIE 772
JBIA N OEBE, BEACHWONRRWY) Ty s (HEEE, T2V v Y) ) LWL, F 77,

FAE® WOIRIGIHEE L7z, FATE O TT5 ) 1, engineeringlZ b 5 FBERIIXTINT 5 LR ENL 2 &H
%\, LT, BOK®D engineeringld, T> Y =7 ERT HHMIE CROSN MM EE - &L, FHMBEED
&), HFEZF0L0EBILEN% V. engineering® LFEFR L7201, FEOBIRTIE % L, 18734EIZAIV. L
IHEZILD, FLELTARAIY NI Y RPLOI Y V=T V7w BB AT A5, TOSEE O - BRI
BERLE L OURAEHICH D720 THD, ZDOZ LIZONTIE, KIEDSDOEITHRD S 5 D5, KFE L TR 04
WLATFECTHDL, L2 >TC, WKOSTEMSPSTEAMMEIZD\WT, TAECTHALER T 282, +59%%
BPLETH 5,

3 STEMHEBICH I 2EZFFEF 7O XOXREEM

TEA T A v Tae xR, TRET O A, T R Rk T O A OB EEEE, K210RT, £
21RT LS, HMoFFA v Tut 2o THEEORE), TREROZR), THEOT 471 708k, TRk
TA T4 TOPSES TIE, ETHN, WIEEHHAESELEZEL, BROTA T4 TRERT . RIZ, 7474
T %, fMEHET O 720 O S , BEN, REWSEME S O EHIHEICES X, R (FL—F47)
L, IRT 2 BBT A T4 T o ET o BT A T4 7L, W Cld7 <, SRS & MEHIHIC o &
LMY EEZ SN TH D LA 5T, WIS % 0 il 79 4~ 7 av R L, B
ME— 1R R A O IRGMGEE - BGE% KD 5 B - HlF - KBL7 O R 2 L DR, WS2TH b,

R2. BIFZEF/MORBBHRRTOEIDEN  (HE : Layton (1993) p.46MDTable 5.1 & K2, EHEIFBER)

— ) 7 P AR 7 1 2 A BEr ot A £33 a2l GV = e a7

R o HLfig HARBIL D BR B DOPTE

RIRE D Fk RRE D FLR MM FR

R D FRRZE D BB IO OFRSE BEDOT AT 4 T DERK
FRIRZR D B AR ARG O e A TR EA&T AT 4 T OWRIE

R R iR 81 0 S i ES BUE - HIE - Bk

MRt SR O R FEBRAE TN X 2 ARG ORGIE & 7= (X AGIE RE (HIME - BRD ShOFEHT

KE TR ORISR & 4 — 8 (Next Generation Science Standards) ;" Cld, $ERDEHEET OH ik
Bruatv Z08E L 72 > T\ zInquiry?* 5, Science & Engineering? 2445 L 7251 8 ®Practices (p.48) » 71+ 2
WEFEE L THWHNTWD (B3), 12, Practices?# 1 71+t X Tlx, Nasking questions for Science (Ft&
2H0) vk, Tdefining problems for engineering (.o Y =71 76 o) MEDEFE,, PracticesD
2070t ATI, Tconstructing explanations for science (Bt255 @) FHIHDOHER ), Mdesigning solutions for
engineering (LY V=7 ) Y 7 60) RISEORNIE, &, RIFHRBELE Y V=27 Y FHE DK 4 OEBEA M - X
WRE % BIFEICIRE L T\ D,
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% 3. The Next Generation Science StandardsDFFEE T > =Z71) > 7 D 8 DDpractices ("EEXAES), &BR) @

1. Asking questions (for science) and defining problems (for engineering) (F#25®) Motk s, (=71
YT H D) MEOESR

. Developing and using models &7 I)VOIE & 4

. Planning and carrying out investigations FH & A4 D AT

. Analyzing and interpreting data 7 — % O34T & B

. Using mathematics and computational thinking #&& 3> Yo —FiEHICL 57 4 71 7RBEEZ O

. Constructing explanations (for science) and designing solutions (for engineering)  (Bt#H»50) O &, (=
YT T 0) FIREORE

7. Engaging in argument from evidence LY 7 ¥ A (R#) 12FHOSL 7 —F 22 b (TGm#HW - BN 2dwmE & &
F) DL

8. Obtaining, evaluating, and communicating information EHOERS, HC - HE (W& - EVEY) F#fll, 23 2=
F—arv

S O > W N

4 MERNRKROAFE

FhiFAA T, 20084ERUNERFEETGEEHICHE D &, A EEREFRHA &2 EHFECRITL T b B piEE
DEREL R E Lz, TRAEIC X 2HH )71, Wiggins and MacTighe (2005) YD #H 1) F 25 4 - FH 4 Vi
AEHL, 77/0Y -V =7 ) YT AERGBIALEE 7O AIZEREN D 5 \VIZHIEENICEES S
R EHIWT SN 2, RREOMGE Lz TERZBIE L, 77 /0 -0 P=27) Y JOREY, TR
By & TRRELR ) THEZETABlaTh D, THMELZ 7oA, &, WHN (o) v r) 2E%E - H
Wr - £HE L, BHEOInquiry 7E R AR, HifffE Ty V=T ) YO THA T a e A% L o 2 K HEHE A
oy THROBE 7oA (FiEz 7o)y LHENICHERTL2FE 70 AThH b, gidkoT 7 /1
V=l =T) Y TICET A TREN R & TR O A \ZEEND L CIEHEICEET S L E 2
TR EENBEMAER L7 77 /0T =20y =7) 7T 5 TERRBEAE) OFEEIL, HAEER
MrgES2 (2012) MU OFEMEE (G0 THEBE 1  HBEEAF O RNE ) (to7ze 727 /1
VOB S DB T O AL, TREBE2  EWNEEEAOFDE - Ta A (FERERERT)) ) 2 5E
L7,

FHREORR, 77 /0y —, oIV =7) Y IETAMES e A LHE L TSI TWwAT 7=y 7
EAFNVHPEFENLFBEER R D 5 LW L7z, ERE, %, HE O 3HFoHEMEY, KflEoxdie L. &
B, BT, F6FE THHOB TR TALY (pp.188) )T, MEFIZIZZ 28t  FEHHA I, &
O WY ANRTZaMEEZEDOTWET) ORI H 72, HEOBHOIIRE, Bl21E [@® N700AHHE
H220kmTHEL ETHE, 0RDMEDENTELZENTELEEZONT Thoy OERMADH - 720 THidlr, OH
FEIIHWONTWZY, HEOERSEOFHMIIFRRE N TV Loz S OEMIZ, BEMEHO D (4) EFo
RV EFELELTEMNL YL LMWLz, LAL, S4%OFEAEICBIT HSTEM, STEAMEE 2 F % RE %
BT L2HM EEZ T D, SHROMEREE Liov, 72, K- d - SFEOXME TSRS T, BEEHZ BEZ
PWREICHE LB THY, 770y —, 20T 7 )y AL a0 ACHET AEMIIR S N b o 72,
RIFAETIX, EREIZOWTIE, 19984 UNAR B IREEFICED {, SRR ERE B HEAE 2 AR ITmA
720 AFETIE, FHELZHERETVEIIRONTVLERLEY, ZOFTINEELIITLE T+ ¥ FAVNE HIFREE
2572012, &THEIRNO L ) PR R L2, AT, AR LERBEEAEORLIE, &THEETH 720,
ARETIIMEECTEL L, &1, flzi Tarya—%, / Tarva—%— E2 300, TR, #
R S HEEDO TS 720

5 WERRUER

5.1 EEHHZE

511 EA4RE T bALABOEFEORY MIDWTEALD OFy MRAEE - IWMESAICEHL b
Lo TwoHooRy by (pp.101-112) ;@

REME, PRI T4 VI Ea—GRFETHore WM, TRy b a2V 25213
OTERWZ ke, HEIIHLITRY ML, BL@HE LA TH L5, TADRIZEOEI, THhbH I LB 5N
Tw7z (p.103)s ZOTIRIE, TRy M EIIIZOWTO TEALBIA (Wiggins and MacTighe, 2005) V) 1Z1&
PRI 5 SCIR &I L 720 RIS, /AMRIRIE, Ao & 2 FEF L, AMPFIST TS, TEs0Ry



208 w5 &-K &F FE E-# & ik =

by REAIIZE R ED TV L Z LIRS T (p.103) CCHK(19) O E HAZ 1 T58 - Mg s 1 ) N—
varvy. TOFEEL LT, IR, PLTLELDADBRIEOWWMEED 72w E B THZE LR TH - 2
e E N TV (p.103), ORI, XKD OHEFHEZE2 0 TAEOER,, EHRT 5, THs0Ry
Moid, BT 2720012, AMEDHBHIIZE AR LED, SANOHRIZEDLEREL, BEPRELTH
L2l (A9 OHBEHIE 1 THERELFEMINFT Y A, Z072012, MEICHEL T v EHiLuwdo
FEEFNL W EPBREN T2 (pp.104-105) (CEK(19) DHEEEME 1 T3 - MM EL 1/ X—=2 3 ¥ ),
B, REMTI, Hiff, =V 7) vy, UV TOHEEIR SN o7,

512 HO6FE TN\ FROBXREZHIIOWTEZLD TO7zxvdaFriist REBA BEF (KIZT
5) REE (LAS) OHE]®

REMIE, INHE TR OFEGOCEEM O RFERL &) =7 -4 = —FEBRHEBEOBY 25 VI VEHONDL
HWLOEMT 7 =9 7 2G4 58N, ERKRIBROEEOWNEZEN L Tz, HERETIE, ENEIL2 570
Ty yaFrnid, TG TODLALZERNIL, ST hv, bE2ANEHITTCIZMATT, tALLERTESZH
TR, HEE)DIZATOHERIZHTLTTT. BMADBERECHRLOTTS, bEIE, APTIELTIHL TN
T3, bIREYLL W, THEoTwET, (p.198)s LML Tz, BRI, BUTHREZHET LR T, ES
0.8mmDHBY 27 )V I Y ZWMEITIRICT 2T H W LEEE2 AR Lz ERKOW ) Fifri, Hk - Hs - #0e
Vol TF 7=y 2BRT D, 7729 725D AFUA—BEHAINTVL, WHOWLEMEAF TH L, %
M. EZEET LERAEOEAL, 77 /0T —OHRRAR LIS, 772y 7 DOBHIC L D BEHAI N TV AF )V
DY 72O THAML - P AT AOARMOBETH b KEMTHASIN TS TEHTL OBERIZOW ORI
Mol ZZTC, WEN, Fr/ul—, 7=y 7, AFNVOBBRETHEM TR LIERLOTRPLELBb S,
REM T, ZoI=T7) 0y, TV TORBIRON 72,

EHIC, FERETE, "7 72y a b Ve LTHEITFONIALEDEE IS, BOORREROERAEXHIZ
DWTEZL)o (p.203) T, WEIZ THEORMEEHT S, 24T, LBOEDL) LENPLEIEZ 2O
EWOHEHEHDET, HODEZZAERL/ — MIF EOLEEBEEIL Tz (p.203), PISAFHHE I
TEHA~OT 72 A - W) WLy, THA - L, T8E - G/l N2 BERTA2EELRIM L2 5,

513 FE6FF THEOBE RXRICEHLPTEHROIXILX— HI R X (pp.236-241)%
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The Interpretation of Elementary School Textbooks as
Authorized Teaching Matters from the Viewpoint of
STEM/STEAM Education

Sadato YAMAZAKI* - Yasumasa OOMORI* - Masataka ISOBE™

ABSTRACT

This study argues that innovative learning competency at each school stage and regarding each subject should nurture
core competency in STEM/STEAM education. The purpose of this study is to interpret elementary school textbooks as
teaching matters in Japanese language, social studies, and school science, as referred to in the current national curriculum
standards, from the viewpoint of making pupils develop innovative learning competency in STEM/STEAM education. The
research quotes the curriculum design rationale suggested by Wiggins and MacTighe (2005), and focuses on big ideas and
design thinking processes in technology, including information technology and engineering. In addition, this study interprets
teaching matters in school textbooks as authorized by the Ministry of Education, Cultures, Sports, Science and Technology
in Japanese language, social studies, and school science. These textbooks are published by the same publishing company,
and are referred to in the national curriculum standards in the 1998 and the 2008 revisions, respectively. As this study
shows, some teaching matters are related to vocabularies in the series on technology, techniques, skills, robotics, IT
programming, and technological design processes to develop possible interpretations of Japanese-language subject matters
for 4" and 6"-grade pupils. Some teaching materials were related to technology in the teaching matters units of “production
in agriculture,” “industry,” and “IT, especially in terms of the development of information-orientedness and its influence on
the living standards of nations.” Some teaching matters were related to experimental tools and toys to make pupils
understand the scientific principles and rules in each grade. However, there was little scope for teaching applications about
the concepts and design processes of technology. In the “human and their environments” learning unit, the school science
school textbook for 6th-grade pupils features a description of the astronaut Mr.Mori Mamoru, who points out that it has
been possible to make life more convenient through the development of science and technology. Above all, in order to make
pupils develop concepts and design thought processes related to technology and engineering as core learning competency in
STEM/STEAM education, this study suggests detailed strategies to improve curricular structures to enrich the relation
between each subject and education activity.
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