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IS R B Z RIELTERE, b LRRIETTHA S5 /a— IR (21 o
HUE) iR L. BIRL thex, Bk, RBEWoEHEIERBIICRV RS Z& T (Fux
AV FXaTLEHRETHILT), FEICKRERBSE2ARSE, Bl Z2fR L=,

FHRELH-GZERRA

2006 AEIZENi S 117z OECD FHBEEFA (PISA) IZBWT, HADHMEHF R
EEOPFENENIZED S A CHEESEEN T O L_iZ, OECD FE 2Rk Rl 5
bDOTHoTz. £, 2011 AEDEBRECE - BRHEHMFHA (TIMSS) 225 %, FEEO
BHARONTNSZ 25, ACIEDFERIHANDEAZ, HAOHUE, FEBE
DYGEITHEATRTH D LEDOND, O, EEEMA N4 (PIAAC) T8V T,
HADANDGMRN T8 6 CITBHEENHHR Sy TRV THDZ BRI N—T
T, fHGEfEEAR (ICT) 23 L7z Mae NIZBI LTk, SEY-%2 K& < FEl
BLRMZHY, HiZ, ABREAFRETEE LEZHhE, b LRREHA ER->EZRED
HEPHETH I LIIRETZLHATERVWFEFRLLTEITOLNS,

TEAE —ERE R LPE R AR R T DB RICZB VTR, ~=a 7Rt
HANEP G, X VHRNTHEREAEPBRE LEEPHE L TnD Z &I, dd
L LTI > TS [Autor, et al., 2003], ICT % U7z ¥72 5 224 H 1 T O % 2=
HHTHERI L TO BT, PIAAC ORTRIEMRRENOEZZ 4B E HITHE -
TV D LHEMTE D, ANEICTTRESNDIAHRMATIE, A KE T X LE
YHOMAEDEIZE ST, B ofRoN52L 2 RINRRZY ZRD>Z L7 < Y

(i



#E - BELEXOEBERTIC

TNEA LCBETE D85 Z80E L, FRFIHOMEIC XL HMEAEL & bIT, g6k
7ut ZADEMERRBIT Lc. ke LTIE, thRWsOik & BN SURZ AT DB
AR ZEITITO T LT, BRI & o THRIRIVZR A0 B & BREE 2R 2 7.

RESNDFEREANIROIER 7 0 —p 50 D, Bk & O, EEDRE
PIHHCRREGZEHD ANDS T EHPEELW.

PP T 8 & MRD e
BURAERDNEIN 5 70—/ VeI B T 7o, 4R, BLARSRE A3 AT — b XA
v bR T D (K& & U TRRE).

P IT DB & it
BRI, B, A2 X —%y MEO AT 4 T RR L, B LR,
e, ZLTHLY O = 72K 5.

L ITT #EHELE & 72D
IN—=TNT, T4 Ay arz2il, #Er oA C58%, MEgttatlitta~bz
LEINDYE, TOMREZIML, LHETELDD,

[ IV Elp 7 —~DEEEFM (ST VF) DIFk
PEAICBE T SR T —~2#E L (b LR RESNDFRT —< TR ez Hiz),
TARA YT avzilC, MAINGRIIRFIRZHZET 5. (Plan)

WV EGRDENE & DL
FIHZIH > TEERZIT, ZI0ORONDT —EBRYNTHL I 2R LN, kR
DGR 2D TOITH &S 2 Mid. (Do - Check - Adjust)

21 HIZDRE — KELHLE (Big idea)

JefEE IR b & XV, MHFRIEOE LWHEEZ P TR —, LR
IZEE D DDH 5, 1970 FFARIT N TRIBREE 25k % il UT Ffoe 7] iE 72 B JE (Sustainable
Development) | ~OI Y flAZEF 28 X S bR, RA L BHIEO W Z 5 58 U 7= Rifi
AREPERERIZIE D <t D < D ORIV EE Nz, HARIZBWTIX, 2003 4E12 [BEED
REDT=HDEROWHER X BB E OHEMEIZB T 2k BRlEEh, T2 THD
T TR AT REZR % « RIBO 20D (ESD) | AL BIEhE Wi 5, Thblk,
PREBFICBO T, ESD 2HBlT 2701203 L7 5 KEERZ HiF L =8 0ilA
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PRINBUEIZWTE 5TV, Wi (BERD I2B8W TR, 3 3 ETHES,
HOG TRIAEAT & AN 2k B, “T= R AXF—EROFIHCRAE D F i & AR
i EDBED D IZOWTRHMBEZ D, ARBOMRAE LREAEI O DS ) HIZONT,
BIARIT B2 LRI 2B 228 57 2 LA HMLE iz BUBRFES, 2008,

KHFETIX, T ESD Z2&8HIT, Bili, =xL¥—, B, i, hafsivo
c DRk Z 3T, FEANOEEMNT L & b, RR3FEROORESDE
ZITV, PERBBIZ L IZHHE LT R o i E, Ly PU 7L UTHBEMN RS
ZXD. WITRINDBPIDK 51T, RELBEERE LTHRET 282 121 HdOHE |
L, ZNZNOEREFMICHAAALTND,

XMp45E)  Climate Change

Mty Food Provision

KEJR  Water Resource

FIED | BV Draught/ Irrigation

YAb¥EREY 7 Photochemical Smog

HARET R IVF—  Renewable Energy

&R Biological Conservation

ANOBE)  Population Migration

T HGBIERAT  Information and Communication Technology — 4

HATIE, ERTRAF—, BREEHESEZMY &5 Hoo TRAEG & AR &, b
PR ZAEROBEA Y X 2T AORMKEBERIZHE LD EAEMT b, #5%, R
By O TRIFRITH E S NDMIADH Y, ZILITIEDS ZONEP HEEHEERIZ-> &
DELBRNENS T ERH L, HAITL>THRWZSWHILTHS L ELLND, F,
RN, RBE WS MMOHFHZBWTH, TR X —, BilE, & HITIXEBENS,
FENBOE, REER, fidE, AT X —F0/ERTORBWIRIhTND I ER
bb, ERICL > TLHHNRBERNEZEI OO/ v ZAA)F 2T AZIDX 5B
BHAID XV 5RVGEHEIZ K > TRINDBRE QDL LR,

FREB BT DRENRFEEZ THiReFE, EREORBFIISCT, ERED
Pl Z To BT 20223, BRIEMVZRSAN, ERE D Bk, BIOLFITIED < AR FAIR IR
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2D LIZBERB 2T 2 &) DURREEE, 2008d12 HIWE LTWDS 2 &b, At
ZOMYMMARLRAT A TIVTFZV—HEDX ST, BREERRNOEREZEATDIHEL
THLTWD, BRI’ TDEIIENTEDT - LT, Sl T—EHOWGEZH
W E TREZ RITTREE R 2T 2 TFRZ2HRS | [TIEOPEE TS ETOR
WAEREPBPT DI ETHADRRIZED X SWPEBR/IEFI NPT IaL—Tay
25 INA TR ZELT 52 & ITLk > TEMBRMOMk AL, MEAOOENWE
WEAL Wi TEBAEPREEL TW SRR ZIHND ] FRETFOLND, BEHLZ
NE TREAIZHE, BlLRIBRPoTAERITLE > TS, Fua— gt 2HEO R
ZHNT T, BHEBRRICTRENIZMD LA TELEET—<ITiRD 55,

TN —FEB EEMIREE

RO K 57, BEORE], thakkys, PFEXEE O, HOWELEAIES V-
M ZB8 LB REE, 79 b —F 8 28 Uz RS CHHE 2 D3 TH M
BEEAR S Tz 2012 4R, BHAEUN T X 2 =7 — 3 a U HEMEFZE 281 5 Bl By
IRIULEERE (JST) OX|D L &, JARTTHNB L O Z ok o4st (ER 91 N) Zxt4:
(2Rl 5 IO FEFGHIEZ I Lz, 2013 4L, HARRNOEERIUCERZ LTS,
Lo /NI « pEERIIA MO 7Y 2 7 FEBEFHEOBRE LT, HHARSHOZE
B (#E~98 N) ZXRITaE 7 ROWHER 2 M Lz, BRHEET & W 5 S2RRE oKk
»H, FHERZBWTIE, BIRHTIRS T, £, ttR eV o hDHFRIOHUB LT
L, FRREHOAMEMRZITO T L & L.

an

COEMBRFLITB D DB 2 &, WL ZOERRIBIRHEDO X SITE L
bND.
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. HAEBESIVEIOZERMIKR

WeD A HEE

v 21 ORI RICB T oA /) RN—T 3 Y L TREBERZR T ZOOHF
DOEENZ BN L, BlENRAT 4T, TYZNVEMDOIEIT X > T« @idEo
FEERZHDD, TNZX-T, FEANY 75 2 —0l ke & BT, FEROIHEA:
FEVEDIH) EITH 59 BT DBRBEDREITORIT 5.

v EHRREANONE w21 IRCOBEZ R L O, A SR M A I B
BRE—AVET UV BNT LI LR TESFRRMZRMET D, ZDDHIT, #
B, R, EEERHODTIMRNBRRI Il a=r—Ya v /ur Y ¥a
T LM 2 BAE L E N REES D

H R E DRI

- ==
- ~
- ~

Creation S~

\

) PO ) LR

*
Added-Value DR I5 R
i I el
-~ Utilisation _’_,—f"
S RAEDINRD 1 H CIREZFEAN Wi
Z LB I DIEA DB T— A 247
DD EPEPEZ DS

w L, FriEO X 51, 4B AREMARAD HHRATBNTIE, HiR—A—A
WdHD—EKEDOHHZERTHI LT, kOB NZAKREHRT S, —,
JEE D N B E o IeAERITB VT, B ONTAEEOEH EALEZ#H VKL,
i 2 =AM L TN 2 & T, — AY72 0 OEFENZED, Rl oRT
DRBUEDBDD. TDH, AMMeENT 5 HREE DT LRI L T D,




#E - BELEXOEBERTIC

IRFEDWIZE

VH—F s Ty ay

PRI D Y~ Y

NEEA & U TR Ml
HRM S LN, Tu—NL
HREZ SR TE D XL 974
FEEHZEAT S T LiEhE
WmESPEHERT D,

K& (Bigldea) & L THAEY S 21 fitid D
ZVEL, FRMSRE BHASIRZ S S § 27 v 2
V& a7 hOwGt iy, ABERNERE (HE, ) md
23> T Y Uiz, BURO SR IS XU,
Bl COBAITIZWEEA M 5 B3, hBopt & Do FEitk:
ZRMTED LV I 2[RI LD b, WANRFY
SFORMIIER N OEH & L TOIMDRIAD D,

DIt & AR E Vo
T2 AT B 1 3 2 Mg S D Ry
foe T et 2 bl U7z, Jnaka
AL 2 PE 5 BlE B O
AT AR &5 DERT 5.

bl

FRHAETHO L, tH2NEHEDORZRN EIFSH
D77V T—2ayeTATTOHRLER, B
BRICAHCHED a2 2D Ahk, T2 T, HEfEH
BRDHRDZRE TIZR <, REMREESR & L Tok
HZEzRETREZRELEZLICKY, JV—THTER
ERLIAMEDHERA T E, MEDRIEIDBRPB >z
%o

PISA ZIZU®» &3 58451
V77 —dHlidHHET, &0
DIF HARDAERED LSV HME
LEhs, THCOME&] < Tk
il LT, ZhzEm ks
DT LR TEIREENED T
CIEFTRED & 5 PR T D,

RESNTEBRIZ, 2B 5RO RE 23850
TE3EHDFLyTT = TORERZEATVNS, Thid,
PHEARIRICER 5700y, SRRk 2R DA 2R T &
I B7DITHENTHDI LN, 77— MER»H LW
L THY, R, [RERHACEDIEREZITOION] &
W) B OFIEAHTIT O 5 2 & A LTz,
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PeFEDWIIE RS

VH—F I Ty ay

RERCRILD Y~ Y

R BRI BT B
HK & T Z LY L OIEN
X, BUROEIZE 5T, Bl
FREAT 5 L TORE LY —
e UTHIET 50 8 5 Rl
BT 5.

FHBGEEDBOBIRIZ LU, BIghrbiohndT—4
ZHEIZ T Z 76T 5 Z &R0, R % R &ME T
MUBELUERETS EWolz, HHMRE VY Z2RIAY
5 Z L ORI RIE, EBRTFIHZUEE LR S REDH Rz
57 utR% 2RI, FHTELDOSIMED RIZBNT
ZDOWHHALIZH 535 Z LA MR I N, 2L, witlih
LB 22 S BRI T ORI, LB OB 7 Z
VIR AT HI L6, EEDORNZZEL, WE
DNF L RAEEDHTLEHREEND,

AR LT ENE Y&
VN TE M D AR~ DA T B
U, FJHHE 20 Mo D B
BIRWIPES e b ULIEET D
L, Eoks itk TE
OMES BT D,

FHRRGEIZ TR D NS g ORI XU, BIBREIC
BWTIE, PROMESLHUPHIHIS TH R, BV X
27 AOEKEET OB E IR I V., ZOHHBDS
UF, FPRNNDIEHR R DR HIABRRZ DRI AL L <
HIRINTWDIREEIZH Y, TDX 5 RHFIRBEH ST
WRIRWIRD I, BARHEERNWENWS T ETHoT. 4
#, ETREMEENT, HIROKRE L DEEZH OTENZ
JEF T BERDH S,

TR T & B R D 58
A EFHTH S5, MAMESH
FERARITIY ANTSED
FNRHI % ED & 5 R TFIRIC X
> T P EBET 5.

=7V Z N, avETyy—iHioTkE%
ZL, WL DL OWEHHIZZ DA HYEDOTEREVESE 2 Sl L
o LDLERDBS, PABOINL—TTHoTh, LfE—
A= ANDwNI L, ZOMY 77 —2HHTHERT DT
LRWEETH - Tz. X7 4 T2l CleAt 2y, BHARSTIR,
RO OGO H OEEEAT Lo Tz, FiiTBl
N5 LDRVHEMREROFNIZENT DX, &
LAHCRE EBENT 70 —F Rl TETNS 2 &%
773V T —=EZDONERITX > THERL TORRITNITRD
BNWEEZD,
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BELRREICETIETFHEERE

HH TEE) & JEHE (OISR b L < IZHHER)
20124E 3 A | © BHEABMNIREER AR~ SE (BHAEiaI 2=/ —2 3 VikH) = [4E 4 AR
47 | BARTRZPZEE PRI A
5~6 4 | <« BARTTH B X ONERET b Z2RERT, BRI a I 2=/ —3 a3 VISEIOREN
7H | * 3rd Pacific-Rim Conference on Education i1 (AILHEEZE KS:)
9/ | O BIEHEMiaI o= — a VikE) G 1R M - G (RBARTRS:)
108 |« /NI FEHE « ERBRIUHA 7Y = 7 FREADREE = 24E 3 ARIR
npg | O B iaIa=r—a Uifg) G5 2m) A - G (RIARTRS)
* 1st Int’l Conference on Innovation in Education (ICIE) &1 (JA Bangkok)
s HAHBKRFH MBI A~DIREE = B4E 3 AR
120 | *FDU—2 T ay 7 TRENAE (T 57477 —=V7) OHEEIZHIT T 200 (RBARTRE)
O Bl aI o=l —3 a VilE) (3 3 m) A - 36 (ASARTRE)
201341 H | O BH#ETaI o= — a UiGH) G5 4 ) A - 56 (RBARTRS)
28 | O BIEHEMiaI o= — a ViGE) (G55 ) M - G (RBARTRS:)
o BART KB L3R rh £
3A | «BEEIN T I 2= —3 3 Uikl BRSO &
5~6H | < BARTTTIS X Ok 2@k, e =7 bR (LR, IHER) OEN
7A4 | O INFHih#EERZEETIER B L OHIEERZE IR ITIHES A - G5 R\ FTH)
+ 6th Int’l Conference on Educational Research (ICER) i sCiE & ¥eka
sH | O BARTH T AREBEMR S (HRREAB L OB MITIHES M - 350 (RASARTTH)
s HAHERIEE RS2 KRE (363 H]) WHesREFR (RILHRE R 22w A E HEERERS)
94 | < 6th Int]l Conference on Educational Research (ICER) %2382 (A Khon Kaen Univ.)
« APEC-Khon Kaen International Symposium 2/l (& Khon Kaen Univ.)
108 | » BARAYKFABEEE [HHOBFEHELIZMITT 7y a v 7702535 G5 M) ]
1A | - BABSPREE R ERE - FIbHges oreER (RETKY)
s RO KFZNBEIE THIMED~—T7T 4 v T2 - B (GH6 )]
128 | O JbHHsirh#REENIgES (FIERHRS) mIFIHES A - G5 R FAITETT)
2014461 A | HAREERABRER THIZER RSO | OB L 2H
s e/ « PESRIRBLAN Y P 7 b ZiE &S0 2
* BARTRE21E i oCE
2 | BARTR G L3Ok e &
3A | O EAMh2EEETES (FRRES) miFHEsS A - G (R & &)

O +ThHMI AREEM KM BHES Al - 356 (AR
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LG 3L

1. AR IEH, SH B, B 2R, 2013, 21 dDFEEH O ERIFET I 220 —2 3 > DHE
L HERBDIITE - HIFOIEH-ZIZBI BEHEDREDH L5 60 B ABPEE 28
63 [al & FH K&, p9o

2. Homma, M., Shimada, T., Chounan, Y., 2013., The Role of Education in Societies Seeking
Knowledge Creation - Development of Pedagogy for Secondary School Science Enhanced
by 21st Century Challenges, In Proc.: The 6th International Conference on Educational
Research, Khon Kaen University, Thailand, p958-969.

3. Kbl IEH, MW &, K 8L, 2013., 21 Ml DHEZ /O TEMERE 2 5 H CARER
HOHA: HAREAEE AR 1 MbinE « st i se 2 seam 4. p3-8

4. Bm %, KW & BH &8, AR E#, 2014., 21 M OZT2IRK D A LE 2 seEE 1
1 STM BFGL DB AAZERF MW, Cetivi)

FEAI, Eex - PR, X —EEZMOZL
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Vavaw =
1

CE

i
2
3
¥
=
=
o)
L4
=N

A b B2 =[F
HEES=DRE
- DA Tk -
1B - AL BB S

28 - EX EFRREDEBLLE
3 - EEFHHEDSDH R

[ Tl - b J [‘n’—l‘«')‘ﬁ&%)ﬂﬂ@*%ﬁﬁﬁ%%ﬁ} [ﬂ%mﬂ%SHﬁ%ﬁ&ﬂ% } [Eﬁﬁf*?ﬁﬁsx—(clﬂﬁ% J

AETIE, BHEEEROERERLIOIC, MBREEBRT HLOADT7IE—I2D
TOREZETI TICFEMAFBERIYOMMEBEEE (FGBEEND), FBHOAQ, HE~
DAHBELVSERERZLELGHS, B OHEEFEAN, £ChLHASNDANEREE
L, £EMREADROLGYBLIEDERHTTERS, L FRfitDRETERICESTE
AAODFED, BEILICLDFBEEDBDEVSRRIZENT, HEANDREIFAMZEL
TRYHEMITHIEERITERTSNIRETHHEVNIEZZICENE, BICEBROFBEEKRS
OECD HEELLBUIBEKETHAHEMND, TNEREDRITHODHEFEEHARIEIROHTN
BTEITED FRDFTBHE REDERE) DA/ A—2a R I -ODMBRIELCEETOER

DHICEEEND, EXBECERBZOSHKRAEICOVWTERERDD, T, ERNGEAN
RELHBFOELVSERLRLEAL, BAOAROHE D BCHER, MEEHR, fFk~ Dkt
Lotz RFERGEEATIFICDEMNDERICOVT, ZORE~AORYBADLEREZRIET
o
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1 smesssss smr

21 RE, B LWAER, 15, B, #H20d 605 TomR O E LT
REENYICZ OEEME 2 TRERMRE R TR 225, LT u—r iz,
A28 < B EBEB A L, ¥R 5 304k, X & DIArLEE ) O LB LIRS
5Lnbhd CREFAA, 2008al, T X 5 RAGIBHERITBNWT, HHE LI, FET
POBR L2 th 22 g 501z, —EHA S ZH O b T bV RN R BB LT
HY, ZNIHROWBEN ZHEHS, FTHROMROEGAMEZ N LD Z LITORH
B. Fiz, HHERZX > THERE EREZRATTRIE, ZOEOANEA (Human Capital)
LY, KR EDI LD [United Nations, 2012,

BiE, Hick->T, £Mr AL > TEEBARR Y, ZORESZLH>TZED
FERH RO THD® (True Wealth) | 25D RIS EIETERVLOD, FAM#ERLEINH
EAMSINEMZERILT DA D2 DEBEKBIC L > TRI W TNS, Kffil,
—H (b L IZ—Hik) OHEEFITL > Tili kOIS, HREA®RDN, LA S D1l
Lo TEDOHES N LR EEPHEFRFEND Z LIZOWVT, EHEWRKRE &bz, HAR
HARROHRMRITH > TR,

1.1 HEANDODLAHREBEELREFE

H D —EDOWIRNITENTHEA S NI EORE, DV EHOR )2 RN
WRTIREEE UC, %, EN#ERE (Gross Domestic Product) BAHWVWHNS, EHR
@EpE (Gross National Product) 1, s CTOApEES) 28 U THEA S LMt
lE&EATND D, AROEDEESE X ) EMITRTHO L LT, BIETIE GDP A
AL LTUAK VLN TWS, ZLT, 5 A HOBULEE THE S WA wkER L,
fthod B DA & 4Rt Ui 3 20812, Bl RO LR KHED FLE M 2 8/ £ 72
VI RFE LW izdiz, B JEl (Purchasing Power Parity) 12X » T Ih3
Xoitkotz, Bz, A HOMRLY—EC X2l 1 B THALEZEL, ZhEFHE%
DbLD% BETREL S & LEBRICHE LS B EHOE AL D LA Z OHE ) V-l
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ZHE0, —IT, KR (BT, Fu) ST GEER] L LTHwSRTWS [World
Bank, 2008], A& TibN D GDP X, XTI OBEE 1 VAl DM ER B Z T 724,
FHH GDPerp 2R LTS,

i
2
3
=ﬁ‘=
=
=
0
L4
=N

TD X572 GDPIF, &< FTHEIT X » T S NIl 2 Btk L2 b DT
HHZ L6, w7 ayRRERBEOHERNIZIZE L TS 00, [HIT LD, thaish,
PEZENEE, LR, BHBENERL V- REERZ, TI2HEBADZ LERV. Thbd
TARTOEKZLEDD, @& L LTO TR (Citizen) | DEERH Y, thRBHFEZ R
e, MAESEDLODFEHE LTZOREIZRIET, LIEEK->T, ThiZBbHDd AN
BAGLKRUWESL LTOHRD [Z38] Z2, R ERWNHIT 5T LIETER.
TZT, ZEHDOANNEARLRFOMD Y Z3 i d 572D S N, FERRRSE~ & 4558
FTOEAD/NT =< R K HEHHGE KAM (Knowledge Assessment Method-
ology) ZHXH) AfLlz\,

KAM 1%, 148 DRMER (T A —&) IZX > THRE N, Bz —EHO R 7 +—
RUVRERT T EDM, W OPRDIEED/NRT A —ZZEINT ST LT, HEDOEZRM
DNRT =<V AW THEDDRATH—REATV5, TON, kbIEANLR
12 D/8F X — & 570 5 AR 68 KET (Knowledge Economy Index) &, # 1-1
ZREND 4 DORICE > TR S h, R—Yy 7 2a7h—RemEns [World
Bank, 2007] &[HD KEI 8 X OZ N2l T 2N DRT7 + —< v 2% K 1218 T,

[ TNl 5 J [‘#"c‘%%%e)*%ﬁ%ﬁ%ﬁ} [%ﬁﬁmﬁﬂi}s%_&ﬁﬁﬁﬂ& J [Eﬂiﬁﬁﬁ?ﬁ“ﬁsx—(cmﬁ& J

x® 1-1: R—=IwHRaA7h—K

1. BFA VT4 T EHIERR 3. HHF LAk
BEBL/IERIBLRERE, 2009 o AT, 2010
* B, 2007 o REHEHEREE, 2007
s kR, 2007 * EEHBEMEE, 2006
2. 4/ R—=T 3 v EHEMEEA 4. W5HuRfEEMA 7
AA— ARGy DuaAfxY T 1L, 2007 * ANBTAYZY OEEEHM, 2007
A 100 )5 N4 72 ) oHi GRSk, 2005 « ANATAYEVDaLE2—FFIH, 2007
AF 100 5 AN47=0 OFFHREE, 2008-2007 c NATARGE=DDA X —% v MFIH, 2007

[World Bank, 2012]
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= 1-2 MEBRFIEH KEl D E LR

MIRKEVRIRRG | BAA e ) s | i
No. W, sk (KED = ] TATLEE |y o | FOEI) T S5
4 HEHY B
GRMAIZ AT DI KB &R~ T)
1 Sweden 9.43 9.58 9.74 8.92 9.49
2 Finland 9.33 9.656 9.66 8.77 9.22
3 Denmark 9.16 9.63 9.49 8.63 8.88
4 Netherlands 9.11 8.79 9.46 8.75 9.45
5 Norway 9.11 9.47 9.01 9.43 8.53
6 New Zealand 8.97 9.09 8.66 9.81 8.30
7 Canada 8.92 9.52 9.32 8.61 8.23
8 Germany 8.90 9.10 9.11 8.20 9.17
9 Australia 8.88 8.56 8.92 9.71 8.32
10 | Switzerland 8.87 9.54 9.86 6.90 9.20
11 Ireland 8.86 9.26 9.11 8.87 8.21
12 | United States 8.77 8.41 9.46 8.7 8.51
13 | Taiwan, China 8.77 7.77 9.38 8.87 9.06
14 | United Kingdom 8.76 9.20 9.12 7.27 9.45
15 | Belgium 8.71 8.79 9.06 8.57 8.42
16 | Iceland 8.62 8.86 8.00 8.91 8.72
17 | Austria 8.61 9.26 8.87 7.33 8.97
18 | Hong Kong, China 8.52 9.57 9.10 6.38 9.04
19 | Estonia 8.40 8.81 7.75 8.60 8.44
20 | Luxembourg 8.37 9.45 8.94 5.61 9.47
21 Spain 8.35 8.63 8.23 8.82 7.73
22 HA 8.28 7.55 9.08 8.43 8.07
46 wiFTAE, T 8.67 8.39 9.16 8.46 8.37

[World Bank, 2012]

HARZ, BYERAE, Hoh T, HEE KED Bzl l, 3Tox
T =< VRAZBNT, FEEZTH > TWHIRETH D, #ixA w74 7 Lk
RIZOWTIE, MEA OB V-HIE R FEEE I C (TPP) WY 7 Mk tL iRk HY
##E (RCEP) &\ o L HEIH M A e OHEED BT, FEEDHFERR E LTI D
BMEREMS N, 77 RAENPELDEEZOND. AHROBLIZ, T4/ RX—T =
v (AT | TR IERANE) | & o 7o, RO, Hrgom b & fedticdEs L,
thRRFE ORISR RIRD IO DIM L R DHHTH 5.

TDXOBBRFLEHBERERTHI20D KAM RTRXA—K%, HBARXRLRAT H—
K& UTHES Uz (3% 1-3) JHBIZEEPEIZ DWW T, BRIz LA, — A% 0 o GDP
LB L o THINENB ARG A=K L LT, BEREATHS &HWEi LA — Riz
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WAL (K KAM IZIZRENTHARN),

= 1-3: ARAZALROAT7H—FK

(k5 /87 + —< v R] (BENRT =< R)

« GDP % o HEMIT A
FER— A% o GDP o PEEEOERERE (8th Grade, TIMSS)
AL BRI 7= ) © GDP (378 7E ) © BeE - BREEOH
v pIPNE| « 15 EEORIENY 77— (PISA)
NIHIBRSE SR B

[World Bank, 2012] ¥ : 5H@’EpErEIC OV TiX [OECD, 2013al & 2442 Tiltad

WRPSHEEBE~NDEEORRLE LT, ENPREZLTRE, HEEORREITHL LT
WBDD, LWl DOEREPEETHD &V S BMMIFAELRE L L, BEEEIC
FHAL LB T Jeb N7 hiliL, F RO fATE LRV, IRIELRE, JHEEEN: & 20F
DM, 57BN NADHD E NS TEHLEIZOWTIY RIFRAES, 2 i X b iy
BEELEME WS MIIZORIT S, HHOERE, FEEEOH, BN T3 —
EWVD TR TRA=RIZONTIE, 3 FHiOEE:HFADH D SN T T <,

1.2 FHEEERLHBERE

BiR DB ), GDP IXEAAEKTEH L TH S %2 &R D THY, 20
iz AOTTERT A1l — A% 72V @ GDP (GDP per capita) & L TRIFIE b, T,
NABZNWDBRWIZE ST, — A= AR ENL T O Il 2L L TWD D2z R
TEEBIT, TOEDMEERLTHKIEDR S ZHAND T LITHLDIRPBD, EEL, &
NADBRHPDIH N ANADLRIENC L > THRRDZ &, FHNFBR I EIGEIS R D
T LEQHMP G, Eid— AN%72 D O GDP &5 BN ChR U =978 2L (LR, 2B
) 2T, BRI 72 D O IME A 2 ik 3 5 A Hv 6 b,

PR, B BiE TRALA DS 2B ondili ] ERT 5T ERTE,
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FEEMIZBIT D, WhWD T3] ITHYTIRAEETH D8, T TR, [HAL I @I
WD/ bndE] & LToE# [Greenhalgh & Rogers, 20101 2FH$5Z & & ¢
%, OECD &, $~NTOMEHED®ES, Bibi, th&f0#titZ Global Competitiveness
Report & L THAERABILTHEY, ZIhoEEIEICHOAT -4 2l T5Z LR TE
5. HADRFHEIX, 2012 4154, GDP IZTHRL 3 i, 7V 7 TRV T
595 2 b (FEEMETH) 520 kM) DORBETH D b DD, Al &5 ek IV Tk
%L, ZOIENIE OECD & E Y 21 i E THIBT 5., TSRO B TR LN
KHEITHET B Z L &R LTS [OECD, 2013al,

HEREYE, DF D IHBE NN ) OEAHTEMEOHRIZBNT, BIEOEBN
BB N BT B2 EBTETVBERITIE, —HEE ML OMEAKDS
SR—HHE BT OEHFRIORESBHL LD LHENTE S, SV d L, HAR
HBEDFEFEUERZDE ZH W LRV TEBIL, POTRTONRAREZG DM AZ
RO TH Y BRDBD, ZTOX I BRYPERZIIE-D, ErEANRTIZOOMITHEE
SO LT, BODONIZ X > TZEDEENZ T FITED DT LR TE TRV —f
ZRTELVZRD, TOZ LR, BB DHEHHANODORWITHET DHRITBNT,
CDEFEVEDN) EARBOTETH Y, BEDRENTHNE LRP OB T DLERD D,

5L, OECD BAXKL TS, SEHOPEZEFNIFALEE (LI, HERE)
DT =Kz, LM & HERE OB Z W A% Lz (M 1-1) [Homma,
etal, 2013, ZHUT XD &, HALFEEDMERK 9,000 RV ADEELRZRENTND
EiXx, 4>, 74T K, AFK, @EEHEWVOREARZH DM, ENZnDLENL
WCIIRELRHEBRDHDZEBTRD. TNHNWLKOPDOEIE, HHIT, KVEERL],
BERBICE>THHINBEERZRDOD TS LD LHENITE S, £, HAOHE
B%1%, OECD EHILFRETH S DD, EHEMIZN > TIE, 10 %PBHEVRE RS H
T35 Z & bmARNnD,
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90 -
R%=0.635
¢ Norway
80 -
28
Luxembourg
= 70 -
I~ ¢ Ireland
Iy Belgium
# 60 - * nited States
X
5 Germany ¢
~‘ ) * Switzerland
¢ Austria
3 50 ~
4
=
R 401
+ Slo 4 New Zealand
30 - ¢ Czech + Korea
20 T T T 1
4,000 8,000 12,000 16,000 20,000
PEHHE MAERA RS CEE—AN%ED) (R) , 2009
1-1: FEREEEIHERE (PEHE)
[Homma, et al., 2013] [OECD, 2013al [OECD, 2012]
= 1-4 REECHEREZITOCVLWIEDAEMLR
No I SpEEpEt (K | % OECD rhEEE I AR A
) ), 2011 R En CERE—AN%720) (), 2009
1 Germany 55.8 +18.5% 9,285
2 Finland 48.1 +54% 8,947
3 Canada 46.3 +1.7% 8,997
4 Italy 45.6 +0.2% 9,112
5 HA 41.6 9.4 % 9,256
6 Korea, Rep. 29.7 -53.2% 9,399
OECD ¥ 45.5 — 9,312

[OECD, 2013a] [OECD, 2012]
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1.3 FEAOAODRED, BER - £EMER EDORE

HAIZBWTIZ, 2009 ELBENOOARBOSHE D, 156~65 iOBMES B 2R
FHE N ANIZ W= 5 T, 1997 45D 6,552 J7 N ¥— 7 1T & il F, 2012 451213 6,255
IRNEZRoT (EHiT 12 Aff), F72, 52 ERN—RATEHNEESEOR 25 %% DD
BIERITBWTIE, MAEEEIZ, 1992 4£DF) 1,500 J7 N2 ¥ — 7 (T QU7 AME I &
D, 20124 12 AMIZIE 1,000 5 A& FRISHERE o [EA TR, 2013al.

1-21&, &FEEHFROIHHAONOBWAEIGZRY . 2EIITIE, 2000 4HTH
2%DWHTH DT, BRIZFELEL 9 %I DHWMOBRONIEZ LIThD. DTk
L LBBAL B EICER Y, FHHH NODRUNBEET S higuvvh, BUYEDREF ) 2 MErr
THIHITIE, A DIHEIZEED D MDA B & AR DR R A i b R Z R HET

HDHENVZD
—— &[] —m— i
' |
2000 2 2004 2006 2008 2010 2012

Y —

_6 S
_8 =SS

o~

FHE N O D #EIE 20004 AR
%

-10

1-2: £ELEHFOFBHAAODRFLEE
[FapsEitnl)a, 2013a]

HEPEPE R EANDRAIE, WA ZER LRTNER S RVERREZIIZBNT, £
DOBE, BrAtLEUHE, HhELBIHE, ZoMERKEESZE CEHBINTNS,
L LA, BUE, JEEREN (2K, IkE, 73— M) OBEEREHE~ LAL,
BETIX D 35.2 %% i, BLHITIE, B 19.7 %, &t 54.5 % &7R>Tn3 [k
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BAalR, 2013ble ZIUTEEMBEERDETIZLDBPB DT Eh b, FHBEDEE
Mz LSS ODOWHEFEICLRBREMN 2P TG 2T LTh, ZOR) ZE
DT NMPRZENITAGE L THED EILT D2 LA TEIPBARENRIRNTH D L Vi
B, TOTLprh, RZCBWTR, FEELOERRDRZ=— A2k L 7= AMEK
IR D MTeB A3 H D CHEIEA, 2012100, T3, #E¥EE V- ERSEIRR DAL
DHFELBEFRITBNTIE, TOX5BR=—R—HTIWMY AR+ TITRINTY
B LTV a7,

Z#%ETIZ, #B (Underpopulation) X, 3Bl R HERBIREEIRIC X - T,
[NADF LW - THSHE R 1T BT DI HBME T L, ApERERER X OV BEE
DEENE DMt D Hiukl 1z Pl UTIRAZIZ D D Ml ] & LTE#RS LD, 20124E 4 A 1 HIF
ICOLEOBBRATHTN OBUX 775 T H D, T 4E 1,719 tilrH oIk <,
Z OBBHHIEDO ANNZAFEDANAD 8.1 % (1033 T A) &> TS, HHERITBN
TIE, etk oBUL, 40 Hilrk D 70 %izdH =5 28 hliTHTH v, ek it
AR, BAHD 21 %282 T3 [FHARE, 2013],

WBRIRRBIZH D Z & TRAET DT, I, i, A, $HEL
HlZHzy, Zhrdskiz i S EEHRICR VLTV, K 1-5 13, sl TRA
THMEE B DRSO THD FEERIET 40 %L E2Rd)  [Fagdy Huslal
WIN—T, 2011, TZHh 6, NARME, TEHEOOMITHES AOFHA 3%
KEh552L, £, TNPMOREITIRELTND L bHAND Z LA TE D,
b LKL, BERNDORAL NS XX, ©LULAXYEWAIMERE (&) Z4ELH R,
BERE WV EEREREDEHE N Z KD, NABKETEANLBETIOMREETIEIR
WIED S hro ERDHNE 2> DD D K 5 IBEAL~DFR E LT, BAE» DIE D 2Rk,
MT, WaEE ok DR T ot A EMAAL T LITX B REDORKIL ONRIESE
b)) 2R D Z &A%, MBI TRImIICHEE S L Tn D,
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& 1-5: BERMIB TOME, REDRLEIRSR

No. B TR L S B R JEAEE (%), 2010
1 8= oW 74.5
2 PHEBCE L DHEIK 72.1
3 22 ZE DM 67.5
4 BRE, HHROFRELE 62.3
5 Rk, RA—/3—3EDPHS 56.5
6 HRDTEPE 52.9
7 DI EDFHEMAL T 49.3
8 EEDI 44.6
9 (BRI RO R 44.3

[psd Mg 7 v —7, 2011]

DL Eeis & EBERE, LM B AN WS WA 2T, RELIKE, B AW
BAZ T D18 244 5 KEED, BUEEE T 2 3EIOVWT, i e LTo
PEABLEAP DERRT DT L& LI,



2ffi EX ERMEOEBLHE

2 Ex BERATEOEREAT

20 fifl D TR R ITB I DHEOREHIE L TIE, HD5 kDG, Bz
Fio Tt MMZRRBFER T2 TH oL ar s, Thid, Wbws [N Farvxy
FHRIITEDAMORBEEEL GRZ DI LA TE, TOLDITIF, kD LNIFELLE,
MR, RERIEL Sy, AR OMNERM A TZR/RHEIT Y F 27 A (LFNT Tu—F) &
L CO¥PIRREEHDIAER R PR P o Tc. THUE, Rk, HREOEZEOLTENTE
D, ZTOMFPLE LT, SERFREMORER (FIXN—FRYyzTHESE) O=—XTEX
LNDLDTHoTZEEbND.

KYER, TOWHORREHSNDEE (DF VAZEE) Ol iz NI
ligddZENRTERN (LLIFK, ZOMNLELRY), WD/ <=7y FEYXRR
D 12TH [Greenhalgh & Rogers, 2010l, L LA, ZOHDF x Y 7 Tk
FITifEZ 726 LT 2 2 LB TESZR LW BEL L, Hffi04EEE VI PSE D
2T, HHELFOMBEZRHE L, 22T, 21 Lo 215 AHEE
S DD DEEDKZ WED DO, MERIEE A/ RX—= 3 v, EEORERMSE
ZOWTHit, BREGD,

21 EFELHBEDA/R—13Y

A I R=Taven) SHEIX, BT THEMEE] SRS, FiT, HiH»>o
LR BANBHTE, FEHEZIED LD EMMNINT VD, EBEZORZFIZZHRTHY,
Bl 20 E, HRAE T D20, RENWEEZERT SO, KE2RBOMMZ A
U352 &R, tLR0EAN=—ZX 2w L, B —E XDl Z R 5120
I, BEFOHEMNZHWT TdE] 21752 & THd L bEhD [World Bank, 2007],
¥, AT AT LAPRER EOECHIBRIZE N TIE, Z2iIERTRIZE >THLY
BftrCHEROAE, Z L TZOMBARDBA /) R—=2a v LTH# A bS5 [Aubert,
2005],
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—HTHERLCBIFDEA /) R=va v &id, HLWTATTOEMITE > T, BHER,
ZOBHBINE, BETov R, WRIEHHITBWT, HiC [HMifE (added-value)
BELZ LB TEDIREZE RS [Greenhalgh & Rogers, 20101, £72, £D X 5% A /
R—Ta v ek, EECEDZMER, ZRAHITE > THIMiEE k> 728 LTk
RS, Y—EROEE TS Tu bR TH->T, ilith, H, HRAOHTHLLHALES
PIEFEDENE NI EZLH B [Mytelka, 20001, DF D, fFIZE >THRLVLEWVS X
Db, CLAZFTIRATHHFIZLESTHLLARE S LW oTz, HAFERICHRERD
FfTTDLVIMASTTHS. S0z D L, BT LLBFORMNT, BN, DR
MELZMAH LWL DZAIY LT EDHBA ) R—2 a v OREITIERL, &L
AZDE5RVOEAY LIFRED0OH LT RREMEMETII LM, TOKX
OB E s, Thboid, WHOETHRL, DI Y L LTOREEIZBNTOA
WHEhD LT, Bk, &%, 8, /hie, s, @5, y—vx, &
Wo Tl 2 AT 2 L 2 HNE Lo H 5 250 ORIz bEH S 5.

R, HEEOHEPD, TOXSRA /) R—=TavEaRRIZT S THEE] &iX, B
AR N EEZ Y, ILVWEBOREL 7o XDMEDZDIT [
(Utilisation) | TE5bDTHBHEIND. iz [Hilr] &iF, TDX 5 Rthaskic
B SNRGRZ BB ICmE L, BES NN ZHBULL, EEL, thaaeikich
#3270 MM (Application) | THB L Eh5 [Greenhalgh & Rogers, 20101,
LEBST, 4/ X=Ya Vi, ABOTEHEIEHZH>TIETEPNDEDOTHY,
BUZBEE DRz 7 2088 T & 1F, REFRERE L TBHEDHR2 D RIZB VT,
MEBRFLEEESVWSREY. LA, HEZENRT SLHIT, LERFG, B2
AL, iHEHZED, ZhZiEE STV BRT, BIZMEOfIHsZ2IhsdZ L
REE LV,

HHEIZBOT, TOXIRA I/ R—2 3 VRMEDAIHNOM S EEAT S Z Likal
BETHA 5. T, LHEOEPRREY (ZDLRBFTAMTX>THHiE D)
DBRP S, FERICBIFDEET v RITfioeF bRz HE L, EElicE > ToA
I R= a VERTEDOYUEEEERT S, $THREE, BIREEE, Ei/k R
AEHD) ORENBHFICRIT D TALEEZ# S Y] & LTI Z, BEOYE, EiciEo<
WEETOESZ LD, XDIRBRBEWRTERDA ) R—=T a3 V&L, FEROBAN



2ffi EX ERMEOEBLHE

B & UTHEEDEERN LIZH G TR LI onnbLE25, HA, E0DITY
B 7 N DA HE < MG HE T OALERISCIRZ ZB LB T, 8HE, FICH¥*EEDH
BIZBITFBA ) R—T a v BROEHITERLEZ,

HREITE > TDA J R=T a3 v &, BOH, PHAL ORISR & OB %
RO U, #ER23EmS 2Bk 57200, B L AENRFEZzala=7
—arvEZ@UTHLREL, ERIZIY AN, Zhzedft LU ATt
ThD, ZOXS5 L TRONEA, /R—T avid, ZHREAMTHATEIILT, Kk
Mkt DRI, NRPBI &Y, Kbl ae7Rba%E « ERITHE T 5.

ZOBRTHEEREH LR SEDIZ, OECD R&FEMEETIF—a v ETF LY —%
hn& Lk, Balia=r—aryoREITHY, TIE-RDRENZR T 2T
L, £/ R=2 3 unEORITF5IEITHEREITEHD> T 5, AWFZEITTRY H 5 Bl
AIa=—3a 2O TL, 4fiICTZOFEMZIRRS, LT, EDX50EH, ik
NPEERD=—RXL LTHDION%E, ¥, EHABEBOELILERLEN,

2.2 EEXRBEDHE

HEAE DS ARSI < PERRWFITO VT, &0 B it TEx 52 L
i, ZEOHMMEZ LT EDOROLERD 55, T TR, W O2r D&%
T, MR B TRE R B, ER MR S W o eI Y B, &k
tzX5,

RFEE YR [BEMR, 2012b]22 5, —f#lE LT H23 EEDORIEEDED |
iz RLEN TSRS 5 &, BRI, AR 1.41 KT, AETIE 41 467, St 6
TiE 5 MDOAHETH D, HHRROMME LTIX, FHHHAL (8706 FAN) Tk LT,
BLERICHRET 2B HEOHIAE 1 BIBET, IIBREERBROBIEDBE L Z P4k
LD, LrLRRs, BUERITHMET D0WE — NUT) D05 bezid &, B
RO Lm & FREOKEZMER L, M UILRILOKHE, SFRoZh%z E
615, (2% @ ERZARSHERASEE LAV SO0, HRMCBNTIR, KB EOHAIE, ik

DAEHREE 23 %2 H5DTVS [HADZ R L F—, 2013|Z L &2EETHE, ThEELIWEHRDO— N4
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DDGEY LT 162 HH SR, KHLEFEAEEERD,)

& 2-1: BRI 6 ROBEXRFT LS, FBOAQ, AEXEHRSF

g% b S A ”ﬁéﬁ%ﬁdﬁ %ﬁ%ﬁ% ﬁdﬁ%ﬁg)\%
23 (= Hrg) (FJ0). 2012 BB (T | BB/ 9B | B os bR
(JKF), 2011 A), 2012 AH (BHHD)

AR 1.41 706 72 0.102 19.6
FRHH I 1.13 535 72 0.132 15.7
AT 1.69 673 93 0.138 18.2
A 2.42 602 117 0.194 20.7
IR 2.67 1,148 139 0.121 19.2
i b UL 4.22 998 197 0.197 21.4

(KB & et IR, 2012b]

HARORE MR Z, SEVEEHIRT DL, ZOEMIMITKRERENED
T¢I r%. VAZEHROBRPD, HEEO—EPIERE LIRS, ZhZho
RERITBT D HIRUL, & UABMBNRIGHENIICZHD EVED. LrLRBL, IRk
O fiEE, AR D - BRI E EIFohTnbdZ & iZkhd ke,
ZNzhr< R L TS DR ERHHTE D 58583 (26D 206 %) THDH E WA D,

AJEEkE s R =87 MG = BREA 4 EBSUERRR v TR e BB - SR iR HERRR Ak - Zofh

-'

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

. wgn |77 BB | o ere | OB | R e
JESEE | Rk 4 k7S] [P iRy [ [P pl= ZDAth
HHE (%), 2009 | 22.7 20.6 7.7 7.2 7 6.6 5.5 2.8 2.3 17.5
2 (%), 2009 3.1 8.3 2.5 6.3 2.4 5.7 3.3 18.8 9.1 40.5

2-1: REXOFRENHAEE S

AL, 2010

HRARBROEPEIEX, HADRERFRELD HIFEILWESE T, ~B L TLEY
BIOBBELZ 60 %AicTHRB L TEE, LALARYEL, M2-2itrEdnbX5i, H19
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ELREZH D —ED ERAMIIZH D, H22 4EITIZHHT 75 %E TEL, IR, & i
70}
TR BLAEMEOEMTHOD oD LSS [HAR, 2010 |, M TE g
[}
PEMEDEFE AR A2 B &, EMBIOBERIIVILHATH Y, EHRBIICBOTIE, L7 - #K, e
S m B 2E R 2 K& ERIS—5T, ZOMOEZE (kS EBHER, 162, M
B
B, HHEBEESE) TIX, RESFHBHRER>TVS (K2-3), SV 5L, J
|
LRRIRPER B BETIIZEL Y 3 5 Ak D h T, 4% 0OE (BMomfnEit & 245k ?,2
Pl 1) % HikD 3 RISV L2k D, ¢
A
100 - —
24
- i
90 -+ E
5 : o
2 g | 2
p : 5
¢ 70 { ’)’ g
BN AN —
ﬁ 60 + A %
S L0 i
50 E
& T 5
[ =
40 i
- 7
- i
0 —
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 =
£
2-2. BEHRROHEAEEN (LELL) F
AR, 2010 ]
180
— E * "071/7”*&
§ 160 . *
< 140 AR
% 120
& :
100 +
| » B .
. % ; & £ 3 ﬁlﬁmmw e
f‘j o & B LSS
g o P
20 ey
0 u
0 2,000 4,000 6,000 8,000 10,000

iR (1) 5 2011
2-3: AR FH B4 ETE (ot HH T ER)

[REHESE, 2012]
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HEH T, HERROEMIMGRETO Y LT, EEMEW - 28R Tidik L7223,
TITiR, Fkoy@he LTHEET DHEEROMEOBIEP B, W OhiuriZzrRl
e, X 2-4 BEBRROEENOFELEBENIEZRT. RORSVERDT, HHARESE
E &bz, BEWEEOHTEE, NEETHD, & HITK 16 %ITDIED, RV TEEEE
DLVEFE, HHRROLA, Bk (12.7 %), 2ETIEEEE (161 %) L&V,
T CHIRBICS —RIEE & B _IRER L T T 5,

LY A (ES R =BG = i, BRI
+EIGERE, e n B, PR BN, REV—ER%E YHE, ¥R
& R, Rk = Z O —E R = KF ~Z DAt

me R

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

bk i Ak, ek, s | 20 | g, | ZOM
2 |y vt =il JUAS S ’ R s —FE | »
g | AR BUER | g e | mm | —ex | U e | T | BB | ROR
%
HHEE (%), 2010 12.7 | 9.7 | 103 | 49 | 163 | 22 5.2 42 | 11.7 | 122 | 55 5.1

2F (%), 2010 4.0 7.5 16.1 5.4 16.4 2.5 5.7 4.4 10.3 | 13.2 3.4 10.9

2-4: EXFORFERES

(KB & #ient iR, 2012al

BT, NEPARRICHEEBHEPTITEIroBZ2REEZRL, B
W, B—RERCI > TEESNIEMBZ T L Tiile s 2 LA 2R
T RT 47T =7 DFEMIZ LN, Hibkths, RFOFRRITHEST, EREIT L DM
NEDHRE, B—REEP DU RIEREN, S OB ZREFENET T FLTNL
LEND (75—, 1945]. FEEPRIALT D TLIT, XL < O IUREHHLAA £
NHZ LT dizd, HEHEDOHFLHARL TN Z &ickhd. 4BV T, 1
Wi, Y7 bvxT, RMiE, HEEEE Vo, KREOWEHINTZ DRV,
FHOFERZ IR Y H 5 T & TP 2R LT S SEIRFERD AR L TE T
5 (HAEEEEPBICB TR, BURERIERRIMERFEINTEL T, B=R
PEFEE LTI b Twd [Bsaiat, 20071,



2ffi EX ERMEOEBLHE

T THRTAREIZ, BRROH—RA HHPIRIERZ HOH AR T hZ e L
THET D E VI EIND, 1 DDOHERD, B L LR TRTOEEBEEHRALT
FRE 2TV, ZhE, ilifE, Rl Rt Dmam, BWRESE (B 2E, SN RESE)
DEZITTY 7 FLTWSRTH D, AROMEY, #@EALIZ X 557800 N O OFH T Em
LTWAHIRIZBWT, EHAIHRT R TOMEEDFEE R DH —~REE (R,
WEE) OWHEVWS WP DL, S OROHEMESE NMEABBLEITR >TSS, Th
&, HARICRGT, BRMEEDY = A FBRRE WA TR TH D, ¥
It % wieb, AEREEER LIZOR T 2 AR FBRTH S L bh b,

i

EARER, ThE TOWM—¥MIC L BEEDER TR L, MW, %S, #HiE,
8%, kel \Wol, —HOETRXRABEREZT —F 7 7 Fx DX 5 ITHA EIF TV LR
NBIM (EF) TROOND, TRDE, SHEFHPEWT, LEMNEEAZROTZ S
B, HEEZRINTES A RTFBRLERVGD. £z, TOX 5 BRRARIZEMIZB VT,
iR, Fhatish, MBS 2 oML 2T, PETHcThen, »o
R THLZ LB TPHITEDS, TOZTLEPDHL, FHEMEADINEEEILX, avE
Ty L LT NERR AN OIR Y FAAICII L 72D TH Y, B REREMITFDOAN
MEBERZERIv T a v e LEINETOZEFRB LIRSS BRI MEELADH D LWV
ZBo

DloZz@gra X5, BHE, BAIRBIBZEMON 7 # %585 fh
PABMYMEREZ & & LTHEFTWDHREE, THRHEEOM I L, [BifrE
OAIMEAL L, &SI THHEORERM] LW 5 AR RS TV (2010 4E3#4) [
IMEZET, 2011], DED, TOXSBRREHOLE, HHHITRODOND LT, =
— X () Z#ORIL, KBRS zRbZhZRIAL, BT ok 20h
THIMEEZED TH LN THD L BbNhD, 20 X 5 2MIE, BiEEoRRHT,
JHBLEZ BT HHKICH OGNS,
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i ' ' |

S 1‘\111111‘\11‘\'&111‘\‘{‘

BEAE e 0 e il AL

S e
PR

REEOmIRI L

RHIAA2E & DIRBIHEK oo

RANNARE & Dl

R & ity LRI

BRI & OB edve T

RIS R D b DB EFE [

T, SR

i

WRIeETE, HefiETe ﬁ\\\\\ﬁ\\\\\\\\\\\\&\\\ﬁ

ittt

2k AN DR o
Zof 2% a8 JE L 3
' |
0 10 20 30 40 50 60 70
(%)
X 2-5 FIINBENEZDISERYBOAREILE
[rh/h2ERe, 2011]

2.4 HRBEBEOBBER SXIYF

B LEEOM AR Z S 25 1T, Bl ESR OERITBT Stz M
W5 Z LB TE D AEDEKREPEERITT < ITEikZ 3 2551, BIAEAZEED 20 %
i E WO MRS REH D, LALRHEDH, TORAIFIREL, LDV, i,
N, EEOREITTEZERLS &, FRIRT 10 %R, ZRLLVIRIE, HFFRT31 %
ZBRZ TS (2013 4F 3 Hl) . ZHU, 201245 I2BWVT, HHARNEEROL
HEEDS DB, 3,000 NEL DRI HERZ RN LEZ LiZkd.



2ffi EX ERMEOEBLHE

R 2-2 SEFREXRICUBZL-AEFOBS (L 10R, TR 108)

1 HAR 31.9 % 38 AL 15.1 %
2 PR 31.0 % 39 J s 13.8 %
3 HER 29.9 % 40 By R 13.2 %
4 S 29.7 % 41 Fefilt 13.2 %
5 R IR 29.6 % 42 TR 12.5 %
6 FRH IR 29.5 % 43 KERF 11.2 %
7 e 28.5 % 44 HRIR 10.9 %
8 IR 28.2 % 45 SEERIE 8.4 %
9 iTfsj’=h 27.8 % 46 A3 IR 7.7 %
10 JEE UL s VR 26.5 % 47 BORHR 5.9 %

[ B4, 2013al

£ 23 TREND LT, HHREOLE, Bk SAEEDON, AT 544
DOHEIEZ 40 %2l 2, 2EED 18 %2 KREL EHSHRLELR> TS, £z, B
BIE O T, duifiE b U <IEHALH TORIRIE 13 %fEEICE EF 0, #PREDFRE
#8, 30 %5553 RLER 2 Bk < BISH T ~ Dtk & 78 > TV (2013 4 3 AR . T,
Bz At & BBEDER L 72> TV A ET TIER K, HARNIIBIT2H8ERE
CEOTERRGEONDZTTOENANER (FHETHVEEETLHD) OREZER
KL, ZOZehbd, HEBREPDELEZTY N7y N TR T 572D DI

DHLAPBE LIRS,

& 2-3: BOVIARE SIS CRAR ST

HARR 4
WAL RIS 1A, 2013 41.1 % 18.0 %
H. EN N . Lk yEbL
;ﬁg%ﬁé 100 & L=tk AR 2
Aeifid - Bk 13.6 % 3.8%
B (GRERR<) 27.9 % 18.3 %
R 49.5 % 29.9 %
M 2.7 % 11.6 %
KER 1.5 % 10.6 %
Z DAt IR 4.5 % 25.5 %

iR, 2013al
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PEREDRD D N LIPS LORIC I A=y FAELTWS Z LId%
THRM S N, 3Hi 4 TR THBEOE ] & 5 EHERIEED & L Z I S22 > T
W5, $9, TORUIEHEBEOE S & LTHEENTEY, H&RTIE, m%ek,
RS, RPFARERD, BT HE5P2EE LA, AMOEBILPRINT
W, FEHZ 1AEHOBIRIX, 2RI T20 %% A, E6II224H, 3EHIR
T, 3 NIZ 1 ADOBEIATHIRL TWB Z LIz b, Z2EMNIZA TS Z ORI R
MIZHY, BHEIZE>TE, EHTDETORARLCENEZEDOHNIHESE LB ORE %
THZILIZEDHWEZLD, XDEMEORVWENENDH S A RRBRECIREANR)
DEHITHNATND &b |AOND., Tbb, FRFKRAEEFICE > TREMN LOE
BERBECTHBY, EERO=—RIZM LI A E2EBRHENL, IXAS Yy FEMHL
TWLK FBE L TOHERLFREHARD O N TN S,

R 2-4 FHEFIREEEOBMBE(N EH~34EH)

— 2009 4F 3 A% 2010 4F 3 A% 2011 4 3 H%
(34EH) (24EH) (14EH)
AR 37.3 % 37.6 % 28.2 %
42 35.7% 31.8% 20.8 %
B 2009 4E 3 A% 2010 4¢ 3 A% 2011 4E 3 HZR
IR
(34:H) (2 4EH) (14H)
AR 43.3 % 30.3 % 25.5 %
42 39.3 % 30.3 % 19.7 %
oot 2009 4E 3 HZR 2010 4¢3 A% 2011 4E 3 A%
(34:H) (2 4:H) (14H)
B 31.6 % 27.8 % 21.7%
42 28.8 % 23.3% 14.3 %

[##UL, 2013]
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3 EFRFHRENDER

T IBHFEERE (OECD) A% 2006 4EIZ 920 L 7= 45 BE R4 (PISA) & [HEE
HEPIRELIE T2 (TEA) 25 2011 4RI2 50 U 2 ERRE: - BERIZE B A (TIMSS)
ZEE, HADAEMEL, 2NICREZ2SEFe A, FEkoliZE & o HEE~D
WP, £, B ESRZ LA, ARRENDBED Y FLIMNWKETH L Z
EHBYISNTAR > TS [OECD, 2007] [TEA, 2012], ATk, Hriziet PRz d
B0 mEEED B DIT, EHXEITHMICIET S HADEM-ER, Pk
DR Z RIS T A2 2B TETHRVLE VS BERIZOWVT, #Hatz vy
rzfr 5. £z, ICT Z WiV ae H OBLE A B, B NRIIFIZIEN S 117z PIAAC (JH
BERE N A4 IZBAL T, dikd 5,

3.1 =ZFEIEEFE(PISA)

PISA ITBIF BRIV 772 —IF, RITREIND 5 DOHAZHIZ, REBEABBT
BREDERE (1558 DR TV B RGERSCHRE R, FEAETE DR < 3510 Tl 3 2 38T
BOWTEDOREBHNTES» 2 MT5E L LI, BET v RDOEA, MEOBRIC
DT b [FABRIZHFHE L T3 [OECD, 2007],

B2 L, B LWk SN L, PEARBIR 2RI 8

FHED BT 2RI DOWT, FEILZ DWW ei a5 & 3 = O O RER A
wakih, TheHidsle

Pl DR RN 2, ANRORGRE BRRO—pE L L TET 5 L

Bl L HAl 03 B < OB, FIY, SUERIBREE 2 W AITIBM > TV D & ik
5T¢

BUERN—HRE LT, PIARE 228D, PEAMBME T SHMEIZA biEA
THbHDZ &
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L EZETRPENEE N OB, RO 3FEICELDHHND,

< PEARURED (B 1 80D :
© BlRORED (3 2 WD ¢
© BlEERORED (3 3 D ¢

BlFiy ke #8835 2 &
B4 2 PEAIcHNT 52 &
BRI Z WD Z &

2006 4ED PISA IZBWT, TO X5 WRHENY 77 3 — 23l T 5 12D DRE TR
BRONET v — MR ES Nz, kil 3 SIIZB W TERD PR AP R L&
POl 7 4 VTV FTHY, HAORHANRENORRIEZENEN 8L, T, 2
BLEWIHRRTH > 7ehs, BB EOTTOME EOfRAEZRVWE SIS [[FHT]
FOEBORWIET, 2006], BARIZ, &R T (&) L& big, HEROREEIEES DR
aAT7ERT. 0B, FHl&ILOECHEEZ, OECD ¥ L TninwS— =5t
WO ALEATF TR D,

% 3-1. FPMREAOIHEES TOEA (L 10 HE- i)
1 Finland 563 | Finland 555 Finland 566 Finland 567
2 (Hong Kong) 542 | New Zealand 536 (Hong Kong) 549 | HAE 544
3 Canada 534 | Australia 535 (Chinese Taipei) 545 (Hong Kong) 542
4 (Chinese Taipei) 532 | Netherlands 533 (Estonia) 541 Canada 542
5 (Estonia) 531 | Canada 532 | Canada 531 | Korea 538
6 HA 531 (Hong Kong) 528 | Czech Republic 527 | New Zealand 537
7 New Zealand 530 (Liechtenstein) 522 HA 527 (Liechtenstein) 535
8 Australia 527 HA 522 (Slovenia) 523 (Chinese Taipei) 532
9 Netherlands 525 | Korea 519 New Zealand 522 Australia 531
10 (Liechtenstein) 522 (Slovenia) 517 | Netherlands 522 (Estonia) 531

OECD i3 500 £ /() #idid OECD JEhmiii « Hugk

[OECD, 2007]

T, 2006 4ED PISA KSR, ZORATHKI D v L AE/LEDHEE )
BT Enwolz, 8 ERRANDOREZR LD L THERNRARERZICEHL, A
WIETRE SN D FHEEBHOME~DBE L LT,



3f ERFEAFAENMOER

SRR E LT, £HRTHEHBSNTVS@EY, HAOEEDREEN b
DO, —J5T, FHEOMME, HOBER, FRME, B & v o705 T OECD & &
T DL RERMEBDH DT LB D. TNHIE, EEPHHARAEEELE LT,
e, FEEOPTEEREICBEDSBRIC, AFPEATELI L2 NIRRT 5T
BREEXNTEDICEERELETHS. ZOLIRERDPD, UELEEEDERLES
X VB HERT S0, £, BmIREOKBIN TOERLEF L D I X~y F O
DIDHITDH, BUROHRBRESLAEED JAFIT S DY DI OHER & Z DL R
HHoNTNEZ LRIARABICHRNTE S,

KIZ, W DL OB 1) T, #al 2 AW airoitz2x Lz v, ( [OECD,
20071 % 312 F 1T THIAK)
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FPITH 5 — iRl EER

HARZ RS D720, EHKEOUGEITORPB DD, EVokRFE%ERT L
DA ONT, HEMIZHE Z B EM4EDHIEX, OECD VXY b 10 %FEKW L D
D, ZEIITIERZRARBA SRV BFOUERLHRFIAE & Vo T2l 2D
TH, BPEOAMMEE LTIE, BhREENIEZON TS,

580

560

540

520

PISAXa7

500

480

460

# TFinland
. ¢ Hong Kong-China
New Zgatand ’Canada
A J=EN 6 |=Australia | * Estonia ¢ Chinese Taipei
*
®
¢ Liechtenstein Netherlands ¢ Kdrea
4 Slovenia
¢ Germany & United Kingdom
* - ¢ Czech Republic
¢ Austrjia # | Belgiun
Switzerland 4| Ireland
¥ Sweden [ ¢ Hungary
4 Tt ¢ Poland
Frange ¢ Denmark OECDY-#) olan
Spain
*
14 >4
Icefand] e ‘Norway United States | Slovak Republic
Luxembourg
* ;reecg ltaly ¢ Portugal
80 85 90 95 100

Rz B B — il (A~EHEOV5)

(%) — WHHIOECD¥-HZ2mnd

B (< RIS U< ERE) A4S0 HA& Oif;

A) BRI, BAPHRAZHRT 2DITHAHATH 5. 81 % 93 %
B) BEEEMOREREIZ, FxDEFAKEDLRLEITORIES, 87 % 92 %
C) B, #&iz e > TIMERD 5. 81 % 87 %
D) BlEEEMiOFRIEZ, RFOUFHIZORP 5, 81 % 80 %
E) BIEE oI, @i, 20kt ks, 76 % 75 %
A~E THDV¥H 81 % 85 %

3-1: BRICH 5 — RV HIEER
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B2 2HB 1T 58 AT EER
BIEEREHTHEIZE o TENETOMEZE O E WS TOMEBTIX, HBEBOK
NIZ7 5 Th S OREOA FTERLMEBIZ OV T, OECD SERNT A 10~ 20 %ELEL

i
8
=ﬁb
2
)
EJ%]
S

TR ERHOTND, HODOEGERFRITEI: 2 BN 1 TW DR 2k D PR I (s |
B
NE->TWBZ &izh S, 9
X
()
%
A
&
&
A
580 T N/
! %
I 7
] i
¥ Fifilan
i e
560 A pepeprtee ety b o R I I I I 2
& e
k 5
I i3
[ B
| 4 Hong Kong-China —
L I e R A S R L S R L O S O FTTTTrrrrtrttrTrTrrTrrTTrTTr T st
Narw Zealand ® Canada ! .. L
& 0k e T Ebtoni ¢ Chinese Taipei %
$ Australia [t
I Liechtenstédin # Netherlands 4 &
3l * ¢ Korea %
X 520 T T T LT NS SR s Sovensa | T T T TTTTTTTTTTTT =
é NEEE ,G:rmany . o 'epui . United Kingdom %%
A e S itzerlancr Belgl‘imrh‘elc nd At
4 Swé:'d&l Hungary S
500 Dtk T DRCD v * Poland ' H
® % TFrance | [ i
T S]I.ovak Republic %
Fepn Y. & Spain 4 United States EE
i Norwaly =
480 - Luxembourg £ | L L L
* Gree[:e | Ttaly 4| Portugal
460 :
45 50 55 60 65 70 75 80 85 90
BHAZBIT B0 AR AES (A~EBHO¥H) (%) — BHHIOECD -4 %2R T
- . e v A (o OECD
HEM GR<HZED LIRFER) RAEHOHIE (%) HA o
A B3, AR OB EHRT 5 DICTHEHTH S, 67 % 75 %
B) AN 25, BlERRARTETHHTSE55. 44 % 64 %
O BEEOWL D OE&IE, M ANZED X S IZBBEL TWahE nHT 54% 61%
EDIANTH S, ’ ’
D) ABHELED, ¥Rl BRI SAHD LR, 48 % 59 %
E) B3, FIZBELTVWB LB S, 61 % 57 %
A~EHHDWH 55 % 63 %

3-2: BRICH T HEAMGMIEE
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MZICBEITHEEHME

HEDRARLFERIZOWTH S ZOMMTIE, /HHEIZT, OECD V2 K& T
FSFEREROTVD, TOMOEMIE, BB ENLETHEZ L > TS 12 iR
BT EIZHORAL ki, EEOWEK (ACHEEPBNPE I D) T2 TRELE
fidhdeEroNn5, AT IH LW AT TR M E Y 7 Z2BRT 52 LI2on
THRHTKIEDME S, HREMZRBEIBERRIZ 10 %R & WS T LT, ZETNTOEESR

DOFEEFTHELY (L LIFAGIRY) LTS,

580
4| Finland
560
540 ¢ Hong Kong-China .
. . New Zealand ¢ Canada
& Bk @ Chinese Taipei . *Estonia
& Australia
ra * Kore ¢ Netherlands e Liechtenstein
e 520 . . ¢ Slovenia
" United Kingdom
= Cre¢h Repulic b
E * Belgiur-n [ Switzerland
eland = Austria
¢ Hungary 34 | Sweden
500 OECD 14
4 Poland
‘¢ @& Denmark
France Spain ItelandSlovak Republic
M # United States
® Norway ¢
N Luxembourg
480
- @ Ttaly
4. Greece Por‘: gal
460
20 30 40 50 60 70
FHEZBIT 5 HOMES (A~FEHEHOWA) (%) — MHHIOECD ¥ 2R
" . - e LA (0 OECD
HER GRSFEES LIRFER) REEOHIE (%) HA T
A) ZERORACEET 57 X P TR, BRREVLTORVLEEZTHI LA TES, 29 % 65 %
B) R TEHDL > TS Z &13, T TLRHEFTE S, 38 % 59 %
0O i, HHROBAITHET D P EY 72T CIZFESET LB TES, 25 % 56 %
D) F#ROBETIE, REBERDICHLWTA T T2 LB TE S, 18 % 55 %
E) 2L > T IHNARBZD M EY 7225 Z LIIBEATHS. 11 % 47 %
F) fAice > T, BNBREDO M EY 7225 LIRS THS. 13 % 47 %
A~F BHHDWH 22 % 55 %

3-3 BFIIETHEHEHE
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MPZER2SIEITHT HEEAT (T
PEEZE ST EI2OWT, ANROM ARG AEE & BB TEH D8, EEFEDL S
k2 BLE A T BT T 2 S > TV D D5 %2 ZOHITHAL TVWD. Fx U TR

i
8
i
2
)
EJ%]
S

LWV T, FERIZIE S B2 A M L W o 25T, OECD V22 5 10~20 %i% EK <, (g |
"
PPEDEE 2T BT LT, £ OEEPITRANDEEZ LN IETH RN L3525, J
X
()
&
A
&
&
A
580 ()
: %
7
. 1%
: -
# TFinlan %
560 o
)
B
B
. # [Hong|Kong:Chin S
540 omEame i
. HEstonia ¢ Canada 3‘;
- . . B
L LIS T o New Zedland #| Chinese Taipei =
- 6 Auktralia %
iechtenstein— | Netherlands
N 520 OL e # |Korea . =
X Czdch Republid ¢ Germany | - id Sloven‘l 1 %
C<IC) b M ¢ United Kingdom £
E ? AUStriaSwitzg:land ®| Belgium : o Treland ~—
- H_ungary :
500 Sweden ™ | OBCDI &
4 | Poland gl
&  France [* Denmark =
Slovak Republic + Spain %E
- » @ United States =
4 P -
Norway - Iceland
480 Luxembourg
o & Ita
= ¢ | Greece ’ Portug;l
460
40 45 50 55 60 65 70 75 80
Bzt 52 LTk 2EN T (A~EBHEOEE) (%) — B#HUIOECDEH 2 =g
b —1 —1 P 491 (0 OECD
HEM GRSFED LIEFR) RE-RORIE (%) H%& T
A Fhid, BEEBIMZE > THMITH D LHI-> TV D2 DR TES, 42 % 67 %
B) BHEQREE B NTH I LIF, TR 20T L OIFITR D2 HAlifERH D, 39 % 63 %
O MEeET5Z L3, ROSGHEDF XY TZRVODIZT B7DIZlifid H 5. 41 % 61 %
D) “ERDOBIADEETIE, RAIERESTI DI DT L 2% 5, 47 % 56 %
E) BAER TR 2 RS T L1, IBROYRITBHETHE PO RYTHS. 42 % 56 %
A~EIHHODY) 42 % 60 %

3-4: MBEEREIRTEITHT HEIRESTIF(1/2)
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[/ C < EFEMNITIZBID D Z & T, FERDFRELITROMEFITONT, FEEOHH

PR 2R TTICW B E-IZS V. L LA D,

O, FEICELEL TV RETHD LHET DI LN TED,

OECD ¥ b MERIZIRNZ & 5

580 I
+ Finland ;
560 :
[ Hong Kong-China
540 : M
:L . . 4 Canada
¢ ok ¢ Esfonia  Australia & I\ew‘ Zeghéggse Taipel
Netherlands * f
N * ;
@ | Kor ’
rr<1 520 Tiechtenstein sl Germany ¢ Slovénia
% Czech Republic ¢ hited Kingdon)
=~ " Austria @ Switgerland e &
A Belgium o :-Irel nd
¢ |Sweden 4 Huhgany
500 L OECD¥# & Poland
¢ Denmark : % TFrance
Sloval;Republic ‘ Iceland' i ¢ United States
+ Norway L® Luxembourg
480
E OQGE gg ¢ Portugal
460 :
15 20 25 30 35 40
RE2R ST LT DIEROEEEMN T (A~DIHH D) (%)
e S S s A (o OECD
HEN (BFEED LIERR) REEDOHIE (%) HA T
A) FZ, FERBIEACBIR T BT E W, 23 % 37 %
B) FAlZ, mEFERAER LR R U, 20 % 31 %
0 Bid, KANZZR->THHREEDO T Yz 7 MDY 721, 17 % 27 %
D) #Aid, ThhoEE, IWHNARRIHOFEIZBED > THELN. 23 % 21 %
A~D BHDVH 21 % 29 %

3-5: BIEEZEZ S LTI HEMEAT T (2/2)



3f ERFEAFAENMOER

IRIEICEES S8R

PISA T, BRERIEIZ O W TOAEMED B RBINE SR EH & LTH D 4 fii T
D LT3 21 HHIOBEITBEET D, FRAOER, BN, WBRRT R, TXVF—FRE,
KEPEE WS LRI ZHBIZET TS, BiCEMIMREN DD, HEk
LW S TIX OECD ¥ &M UKL, £ DERMRE, ThbZ2fRITHE S kR
M E LTHATNS,

= 3-2: IRIBICRH9 AEHMMIER

Bl L)L
BREICHTIHEPATASRITTRIZE > TRALRMETH S &
55 R OME (%) A | OECDA
A) R&GH 95 % 92 %
B) BRI DK 92 % 84 %
O HHDBAFED =D D AR 92 % 83 %
D) ZXILF—RiE 92 % 82 %
E) MW 88 % 78 %
F) K&EA R 86 % 76 %
A~F BHD¥H 91 % 83 %
g Hih
BHRICET 2HENSH% 20 FRRED S BIZUET HEAH LS
OB (%) A | OECDA
A) R&GH 20 % 16 %
B) BRI DK 16 % 14 %
O HHDBAFED =D D AR 16 % 13 %
D) TRALF—KE 22 % 21%
E) MW 17 % 15 %
F) K&EAR 20 % 18 %
A~F BHD¥H 18 % 16 %
[OECD, 2007]

3.2 [EE#HFE-EBEHEFEBMHAE(TIMSS)

IEA 2FEHEL TS TIMSS O FERHIE, #IEHEHERICEITS, Eiko
BeEB X ORPROZE N E (Educational Achievement) % EER172 R EIC L o THlE
L, AVXaT A, EELE BEBOEE, FHREAMIEOHENE OBRE, SN
[, Hhisia] TR I LA 5 2 & 12 dH B it SIE 2 DOREMAH D, 1 DI,
FERDPREE D 4 BT H T B FARITERE L TV DR (HARD/NER 4 484 4,
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e 51E TIEROFREEED 8 HIZH T BHEITEFE L TV B4 (HAD ks 2 48
H)] EENTWS [IEA, 2012],

TIMSS OfFm A, 4 DOKMEIZ X > THRE SN, THENOKIEITER LIZE
HOHEZmAMDZ LB TED, £, B, L%, AW, L v RS0
DEEE L BIT, Mk, WH, HEhE Vo RRMNERIZBI 2 REL NS,
D 4 DOKMEL, RO X S IZREHTHNS,

625 i (XD EvokE) LGB AR, WBMLY:, HIERRIAIZ DWW T ORME TG
RZSBERIZOWT OB Z{RET D5 2 A TE D,

550 st (RIVKUE) D EFEIZRIENZRY A Z b, VAT AB X OEBICBE § S HERIT
DWTOHRZILIZHRET 5 2 B TE S,

475 ri (CPRBREEDKHE) @ EGEIREE 2 8 SUIRICB W T, SRR B AREIERIC DUV TR
kL, WHT DI ENTED,

400 s (RVKAE) ©ZEGEIZ A ArRl R K W BIL A2 B3 5 & S UL D SERER 7 92
ZRHTHIENTED,

DLURIZ RIS & I D P S R 2 md . HADARERK, 3 XTOM
BT, mWKHETH D 550 MHATHEZERSLTWAS,

x 3-3 AEMEEAFHE TSR (LA 10 HWELR) —PFR2F

No. s i e o e o e i
1 Singapore 602 Singapore 590 Singapore 594 Finland 574
2 Korea 577 Taiwan 585 Korea 561 Taiwan 568
3 HA 558 HA 560 HA 561 | Singapore 566
4 Taiwan 552 Slovenia 558 Taiwan 557 Slovenia 560
5 Russia 547 Finland 554 Finland 548 Korea 548
6 Finland 540 | Russia 554 | Russia 537 EFN 548
7 Hong Kong 539 Korea 551 Hong Kong 535 Hong Kong 539
8 England 533 Hungary 534 England 533 England 536
9 Slovenia 532 England 529 Slovenia 532 Russia 535
10 Hungary 525 Hong Kong 526 United States 530 United States 533

[IEA, 2012]
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& 3-4 FRHAIMEGAIFHE FHER (LA 10 HELLER) —FFEKR 2 &F
A V. V.

No. i o I i Hei i
1 Singapore 588 Singapore 589 Singapore 592
2 Taiwan 569 | Taiwan 570 HA 568
Finland 564 Korea 561 Korea 564

4 Russia 557 HA 561 | Taiwan 551
5 Korea 554 Finland 549 Finland 547
6 Slovenia 551 Slovenia 542 Hong Kong 538
7 Hong Kong 544 Russia 539 England 537
8 HA 541 Hungary 532 Slovenia 536
9 England 533 England 531 Russia 533
10 United States 527 Hong Kong 529 Australia 526

[IEA, 2012]
2011 4EFHAICBWVT, BHROFRBIRRYBITRT AT OB AR S, K

Y FOHEBIZOWT EEMIZH

HRWFIE

i, 2011l Z DA,

BELIERDBIER PR oTcbdnDd [FEVEEK

Al D PISA THMi S NIZAHlF R & —BT DNETH D

TeEnD b, MEKERETOREOFAEITHNT S W FEEIIIINICEN, A0

KADDIRMBY Bk LHENBIRZ R LTV,

PEEDRIRDIFE 9 &5 Ip

KEDOREEDRZER I D RT WV E S »
PEEREST L

CHEBRDIMES P

B PR 2012, PEATRVINIZ & D BERH DI E S5 »

SERBIE 21 5

3.3

PIAAC i, 0ECD I 4 % 22 I & ZDfh 2 HEHZHDHE

EIE A HEHE (PIAAC)

TEPEENDIWETRE WP LS H

it 24 HEIZBWNT,

16~65 EDHI 166,000 N2 x40 U THEME S = [EHERRE A A TH 5 (F2ht 2011
8 H~20124 2 H). TOHETIE, HHRULEaL BT —8 L THAPHSEGTH
wefR )y, BEE D, IT Z2iGH U REmRee haflle Sz hd, Z

MERs, &

DESIRRENTINZ, wHefEe

FHLZBE L H 2 O, a7 RL—2 3 VEIZEbS
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e, £, HHORILEKRLE, EOREMLFITEPEINTVEIIHFELFHEAESIND
[OECD, 2013cl,

K 3BIREND KoL, FEfSi7s o CITEEEIZOVWT, HAIK OECD £
DLV EHHEL, & HITHBREEBID TV, HTHIZDOVTIEDR 70 %, %
2OV TIZAROR 60 %L~ 3~4 ZRRFL TS, Thighz, L1 ki~
LAV 1 IZES T HEEPBDTHRNIEH, 2EORaT &L EIF T3 EF L
o Tnd, ZEL, LNV 5 OFHZENZRaT BER LERHIRE, 7407V FO
HEDOPEIREICBS £S5, OECD MEEOH TS, HARBRBRP DR (NEAIZIZE
Hi—), RYFOXKEELPEHNO LNV TRENTVD CEFROER) &V opids, &
KEEIZDRBH>TND EBbhD,

—}T, IT Zi5H U =RERREEIZOWT, HAIX, OECD £HE T 5 &%
DRIEDES BEL S TVD, L)L 3 OEIGIREKEDME & FIED 8 %RiK, L~
)V 2 55 OECD ¥ LKEETH 2 DD, 1T OFIARGRZ L, WlBrEnE, A
WS LR OB EERD 35 %IZDIFED, TDOZ L, 2EOKEERESFTFTNS
FEHH Lo TN5,



3f ERFEAFAENMOER

# 3-5 HMRN, WUBED, T EEALLERRES (Lh 10 HELED)
I. %efEh BURIRE LS OB KB RT)
L\)1 . . . . . .
No. ] N25] it LN 1 LL 2 LV 3 L4 | LX)L5 | Missing
1 | BA 296.2 0.6 4.3 22.8 48.6 21.4 1.2 1.2
2 | Finland 287.5 2.7 8.0 26.5 40.7 20.0 2.2 0.0
3 | Netherlands 284.0 2.6 9.1 26.4 41.5 16.8 1.3 2.3
4 | Australia 280.4 3.1 9.4 29.2 39.4 15.7 1.3 1.9
5 | Sweden 279.2 3.7 9.6 29.1 41.6 14.9 1.2 0.0
6 | Norway 278.4 3.0 9.3 30.2 41.6 13.1 0.6 2.2
7 | Estonia 275.9 2.0 11.0 34.3 40.6 11.0 0.8 0.4
8 | Belgium 275.5 2.7 11.3 29.6 38.8 11.9 0.4 5.2
9 | Czech 274.0 1.5 10.3 37.5 41.4 8.3 0.4 0.6
10 | Slovakia 273.8 1.9 9.7 36.2 44.4 7.3 0.2 0.3
OECD W) 272.7 3.3 12.2 33.3 38.2 11.1 0.7 1.2
II. BrBEh
No. E5| &%) I/;;% ! LT | L2 | L3 | L4 | L5 | Missing
1 | BA 288.2 1.2 7.0 28.1 43.7 17.3 1.5 1.2
2 | Finland 282.2 3.1 9.7 29.3 38.4 17.2 22 0.0
3 | Belgium 280.4 3.0 10.4 27.7 36.8 15.4 1.6 5.2
4 | Netherlands 280.3 3.5 9.7 28.2 39.4 15.6 1.3 2.3
5 | Sweden 279.1 44 10.3 28.7 38.0 16.7 1.9 0.0
6 | Norway 278.3 4.3 10.2 28.4 37.4 15.7 1.7 2.2
7 | Denmark 278.3 3.4 10.8 30.7 38.0 14.9 1.7 0.4
8 | Slovakia 275.8 3.5 10.3 32.2 41.1 11.8 0.8 0.3
9 | Czech 275.7 1.7 11.1 34.7 40.4 10.6 0.9 0.6
10 | Austria 275.0 3.4 10.9 33.1 37.2 12.5 1.1 1.8
OECD ¥y 268.7 5.0 14.0 33.0 34.4 11.4 1.1 1.2
I IT Z &M U =R veae S
No. I/;:% 1 L)L 1 L)L 2 L)L 3 gﬁ;zﬁ TR FSTiras Missing
1 | Sweden 13.1 30.8 352 8.8 1.6 5.7 4.8 0.1
2 | Norway 11.4 31.8 34.9 6.1 1.6 6.7 5.2 2.2
3 | Netherlands 12.5 32.6 34.3 7.3 3.0 4.5 3.7 2.3
4 | Finland 11.0 28.9 33.2 8.4 3.5 9.7 5.2 0.1
5 | Denmark 13.9 32.9 32.3 6.3 2.4 6.4 5.3 0.4
6 | Australia 9.2 28.9 31.8 6.2 4.0 13.7 3.5 2.7
7 | Canada 14.8 30.0 29.4 7.1 4.5 6.3 5.9 1.9
8 | England 15.1 33.8 29.3 5.7 4.1 4.6 5.8 1.6
9 Germany 14.4 30.5 29.2 6.8 7.9 6.1 3.7 1.5
10 | Belgium 14.8 29.8 28.7 5.8 7.4 4.7 3.5 5.2
14 | A& 7.6 19.7 26.3 8.3 102 159 10.7 1.3
OECD ¥ 12.3 29.4 28.2 5.8 9.3 10.2 4.9 1.5

[OECD, 2013c]
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TDESRBEDPL, EREZMDT, FERBEROLITAMBPFIEL TR R
BOTEBRVEASPEVSIEREPEL D, K 3-6 1%, 1980 4:LBED OECD MEHET
DREEBREROEL GREEEHA) ZRL TS, £ OET, WABMIZH D DIFH
TREETHDHEEETHY, @k (F—E X, FNYES) ~OBBAHN T
% [OECD, 2013cle ZO X5 WRHITBNTRDOND, @EREALBENZZ D
PIAAC TiZaHm L, SEOEBBER~NDOKMAEID 5N TS, —ERELEKOEIG
PERMS T &I, IT OFIGHZ o 12280 (RHTRmIEES, Fakiddt, FEmRA)
TLE L EINBZ®NL, HSHEAOHAE B THEY LR RD NG, 4.2 F—a
BT U =T TR S o

BB AR H5% (High-techyF)
- = aIa2=F4—, tL&, Y —ER  eecece L, RBR, AEE, EDRRY—ER
----- WBE—ER
100
80
£ 60
2 A
e =
& e
S bt
@ 20 — — ==
# G . X S P Sy P 4=
Lottt — /N/\\
0 s il B e e = e /*-/_\
e O e e
\ Ik Y W -
20 T~ T ==
e ——
-40
1980 1985 1990 1995 2000 2005
4
3-6: OECD INBETHEEREDOEIL MEEHKZE)
[OECD, 2013cl

BEETIT, X3-7Ti%, BHED OECD SEOMEREAG & BRI (& bITHSEH L
HE) ZRLT0D. 2Bl L, XY REIRER2EANZ S ET58/RT, ERIZ
WizmxiboHmiztEd, ZOBERHABEPRBENT 5O TERL, BENIZ, £Ih
LHEHMSINDI MDD X 52 PHIL, ZRNIZHBEZHESETORRITNIZR SR,

2010
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™ bk B RUEE (AT
R =@, hoedk, S, N, SRk
= GE S 3¢ o, PR
AR B, B, %, R&E, $R-b
#ATEG Bt B0A, DM, tRRROSERS = fhDH—E
Norway I i :-:- I..p""..p""fffff){fffffff}i’fffffff} e
UK n8 [ e ffffff s
Spain ] ffffff ffffff
US e - - fffff fffffff ffffff T
Australia AAAAAEEE T’fffffff e,
Ireland R,
Sweden S {fffffff T’fffffff) AL
Canada e
Netherlands BTN = A {fffffff T’fffffff) F
Denmark L= s
Finland LA AT AR T’ffffffff FE
Austria ] i o
OECD ¥y b T =R A T’ffffffff A
Belgium fffffr’ffffffff Al
Korea s 11111 1 e e s T s
Estonia A R
Italy ﬂfﬁ-ﬁmf A
Poland e R H N 3 A MM
" -
Germany T T T T T T e -
Slovak Republic s Emmmmmmrrrmammaaaaaar s | s . f ,-‘?' A
Czech Republic it r..-','.'-",.'-"' m-:-m
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

X 3-7: OECD HFEDEXRSMEFEN T MREXKES)

[OECD, 2013c]

34 #HEDOELERFNHAEDHEEMSE

kil PISA BX U TIMSS IZBWT, ZRIOARIES & KV, EEOR AR, HE
AR HEROTE NI L, EESE & OHiE» S H AT SKMEZHERE L TWD 2 LMz
Bo ILIZL, FRTEEDPED LRI AL, Fthe, ERITBIT 8L 28HT 5

DITHERRH L OWREZVAHY, ThHZBENITTHADZ LRHRITLE >TH
BTHDEnwbhd Uha, 2012]0 %7, Wic&b LR Uiel) 2%itx, EiEoHho
B zRR iR BE 2 i TRAOND K 5ITRD T Lid, PR, thaohT
G LIS L TV 2o RbEARAR OF [b)E, 20081 & U THERER LD,
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BER, MEZES 7Y b7y PSR THIET 22 R TERN ) v
~—7y b7 Ex—LiEMTOND VS T EIIFRTRDEY THD, PISA L TIMSS
PEHI DX 4 & LTWD DX, DX S REEDPGAHES NDBE (M) Offifitiz, 5L
B (Examination) ] WS BRITX D FENPOMETIHAATHD LR AOND, L
LA 6, HEREIERIHME ) & UTHE S TARERRE) e S L 2B IZEA S N B 978D
MifEZ R ET 22 LIEHETH I H, ZOTEREZHAFE»ORONETY M7y boff
HO—Z2FHE L TV DITBEERNZ LIZR D,

KIEHTIE, ZHEDVEL WS LODFHIIZONWT, BAZHEZEALLEY., KAM 4
AB L — RIS e THBE R T +—< A1 TlE, B« BT OB HEMIH
H&ZoTnWd, ZOHEHHIZ, #HRRKE 7 +—F A (World Economic Forum) AR5
1L T3 Global Competitiveness Report 2> HDHATH Y, R hOEER» LA
Al 14,000 F2EE (—E%72D 100 fRE) O —~A T — b z2BIL, HEFHEHMEAR Ik
MRTH D, KFHEHOBES BT S7012, LTFD 120 ET7—PHESHh, K% F
ZHEOE e EHORG 111 OFHBEHIZ X > THiE N5 [World Economic Forum,

20121,

& 3-6: Global Competitiveness Report - EEHIER (£ 12 E5—)

Y7 —1: thadbigE Y7 —17 1 SiligahE
E5—2: 475 Y7 —8 Sl
Y7 —3 ! <7 uikiihib EZ—9:757/uv—
E'Z —4 R - MIFHE EZ—10: dighr A X
Y7 —5 HA - WLl EF—11: EYV R R
E'5—6 : BEhsR ET—12:4 /R—=Yav

[World Economic Forum, 2012]

CZTOBLDREE, BT —5DHE - WK TDH 5. HADRAR R 2 RITR
Lz, BEREOZIZEL, 1624 R (6.0KA M), 274 T F (5.8 KA
VR, BT UHR—N (BB RA V) LWISEIZAR LY, HAESM 144 HE 43
PEWVWISHERTHD, T, B BHPEHFOEITOWTE, 1M HR—1 (6.3 R

AVB) 2074 F R (6.2 KAV H), 3MNLF— (6.2 KAL) EWVWIJHEIZ
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o0, HAZSM 144 HEHh 277 TH o 7= [World Economic Forum, 2012],

* 3-7. ES5—5 HE-BWERIETME(BX)

HFE « WSEAIBE, 2011-2012 AIATG JIENE, 20 144 F71E
(SR eSS 59.7 % 36
HAEHREDT 4.217 43
B« B BEOE 48/7 27
TX—TU AV MIBEOE 411717 80
FREDA B —F v Mgk 49/17 43
WrJE LRl — B R 55117 12
FEARORLSE 5.3/17 5

PISA = TIMSS i, RIL@EDES

[World Economic Forum, 2012]

A2l C, BRSO 2 UE, T D

LT, 4B, FHREOEN LB TAMZRD. LPLERBL, 2T bEHE
DREN DS, EBTHEERD=—XIZAB L TVEIPEHAND Z LI TERNI L1 Db,
Global Competitiveness Report @ [T#°¢ « BLAZE QR | IZBHT 2 3Hili%, 206 &2
DERVkE 2 AR D T2 D—Bh &8 D, B « BHEABEBEDE & PISA 227 li# OB
2K 3-8 [T, [MFLED PISA Ra7 2o, Mk (BF X, =a2a—-Y—F K,
BE%) LU, HARBEY: - BHREEOEMEUN & WS i 2321 TW5 2 L2307
5. a0tz b L, BIEO%RNEHFKELODOL, EERO=—XZMY ANBZ ET,
HE ORI EADFE L W eBLUEP S, ZOERELORHBA S HITHE

2T EEbND.
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6.5
™
§ 9 Belgium *
:':: Finland
It 6
%x 9 Switzerland
R?/=/0.3882
P ]
ﬁ ¢ Taiwan
@z 5.5 9 KoredNew 7
: @ Nethegldnds 9 Hong Kong
Piig
= ¢ Canada
-+
= .
08; Slovenia
m 5 ¢ ILUldlld # EbLUllid
% ¢ France ¢ Australia
=1 .
%J & Croat Ireland 0 Elzt
= 2 ¢ Germany
*a'}
g Denmark ¢ Sweden . )
3 4.5 4 ¢ Hungary® United Kingdom
~ United-States ¢ Austria
:3 49 Latvia
&)
4 1 1 1 1 T 1 T 1 |
480 490 500 510 520 530 540 550 560 570

PISA Bl 52—, 2006
3-8: GCRI#H B NE | & PISATHZMY TS5 — 1 DFE M

[World Economic Forum, 2012] [OECD, 2007] % 324312 THmk

DLEARICTGRAR SN, (2B EEH, BT, EREL Vo Tk~ el
LOWEEZBRL, RETIE, FHEaIa=r—T a3 0% 21 HdOFEDOREM, ZL T
FHOBE B DOBE~NOBEM & Vo lz, X0 BEMEZR >R ZRL TS,



F2E HEVY—RADEALER

o

KB —ADHTAETEFE

- 21 HEEDEBEET ORI Y -

4F - FFEIZ2=s—>3>
5Ef - HELIEEEISHEAT(CT)

MBRIEZHSIFERRAZFEAFE T H-0IC, BEIZ2=7—2avICBHAMEEEAT S,
FY, 2227 —2avDEONTERFEBETERENSI7II)T—avFERICE - THEY E
If, EEAHZZMYFSCEDERTRVHEEDLLSIC, BEDRA, EAAFET HILUKE
BL, JIL—THNTENERFIIREERET H. FEEEHH LT, EFIHMNBOEFLIYD,
CLAREICHENDICEDLGVEENDERERT=HIC, CCTREF—VETUL—ELT, M8IE
A/ R—=2302F)L ), [GEHE-2Z2 =27 —2aV XX )L, TAFAT7 - BRI TZo—), TRZE
BRAXIL 1ZBITR. COESBAVETU—2ES-ODEBFERFADI-HIC, XELEHE (Big
ldea) ELTHERET 121 HIZDRBEIZRALD, TN EEDIT, HEHENEBLODHAHBTIRITHE
LI-RERRENDALERS-HIC, RABT—EDFAMBENBRESNTWSERIERET
DANtEUHDEARDOEERS ChiE, HEERZREMHEEIHELTERT H-HDY—
ILELTHERET B,
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4 A Ty

BHpala=r—vaveid, pHpLHtalooRRPZ Y 2R hm0ata=r—v
FVICE S THWIEDE I ZE T, SHRRENEZRE AR EZXKY, HEL TS
HOtERRHEZ R L TOLTEEBIETH D L b b, Bt TR, Tthao Xk
(Social Context) ] & MMHADCIk (Personal Context)] DI 2 DDTNRAEIEL, &
DEIITERTBHZENTES [IHF 2012],

2O SR
TR A= ADPRFACBELZ R HRB O ZDORE 2R L, tERH0 5 2 DI BARAIZH
HL, HL, FrLTn<Z e

A DR

BRI, FEERPRFERBOEDOATIZRL, RFELEZFTHREEMEIRIEZE LT
DEBHOTNLK ZET, HricEBricisdz e

INHXRIZIEDE, SRRATRPHFROZZ S ZAELTDHILT, HilnBzl
ZXOE, STV EEND. £, RERLDLHANVWZEDFEZRDD T LT,
BHERMHBEAERAREZ Y, HLWIAEEN T SRR H 5 (1%, 2012]. BHEaIa
==Y a v ORENREEEE LT, @SERRAEMNIC A b BRI E Sl
R, PEEE WS B, BENREZ S Z_N—RICROILET, L Bhhttazdisl
LTnwzéeans Uk, 2012],

41 HBazaz=4H5—larnEM

BRI amr—3 3 VD& HE, DR, ExEREL, 4T
BLEMBIEED. BIETAHBELTIE, FLEBYF—vay, —a—RALK—, M
DT NEOBES D B, BUETIEA Y E—% v hOV = Y L AT 4 T o HVE
Sl b 2 H i TIRIREIA T DTS, WTROFEICBO TS, Wil THEHE] 75
PEEETHY, TIUZE->TRUE (RF—2 R K —) OBNIBER GRS B
T3, DL RESPFEIML, HAOREICKTZMADELIE, HIkHAT
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DEFBHMOERIR L, ZohTHA APAIRE 2, EREZRHD, MNICHRTS
TENREEND [HHE, 2012], ZOEDITE, FEEZITBWT, 2RAEREREA
IR R DRI BV TS, BHEDORY, Z2hemBlinc HiRL, REBGETE
5T EBRPERN,

It 55 © i T 5 b P

T ZTiE, #isAk, SR, FESHICRD M ETHSZRTERE LTEHS
%, 77V 7= aryBIXOKIKZEAT S, iR ZRIZT 772V T
— &%, AT—7HRNE— (A, b U LR BEEACRER, HHzHLan,
ik 2RO, HTERRIDOERLPOPEEND XS RBEZEZD., 77V YT —& &
LDELTHEVCDOEPH Y EDEWVWI LD L, 773U T—ZBN5Z LT, EEAHE
IZIRD #lA, ZNZ2ERL T EWV S EREINARFOZEL T EAEE LN, Thb 2
DOFHEDRRKDOFHAIZ, EHEEBOTRTOZZIAKEI N, FV— TN THAINIIZ
WD ik O LT 2 & TH S [Hikk, 20100,

#
=
Y
Y
[
A
2]
&
A
&
&
¢!

RAERE, FRAIRRTRERBO-ODHE (ESD)

LB T, FHZEHEBEIZARBF (Human Development) OfiliiZzfE>, [H
HEHIERHE (UNDP) iz kiud, AR LI TEROE (MYEAR) L5l RA,
HHOEENEZ T 2IZBES E, ZNZNOBLEN L BTN UT, EEA»DALER
BNEZRITED X5 RBREZAIT S Z L] &EFKESNSD [UNDP, 2011], 20 AR
PR ZHED D LT 3 DOWEHMBEET D, 1 DHIEX TREMHIANF VR, 22HIE [E
BErRi&ER], Z U T3 DHIZARMETHENT S [BEE & Rk vTRERBITE ] &85,

{ Tl N S5 } [‘n’—l‘«')‘n‘&%%@*%ﬁﬁk’r%ﬁ} {%%M*ﬁs%%ﬁ&ﬂ& }

Fifoe T RE7RBHE X, THREROMARDBKR ZRG7= LoD, BUEDHARDAKRK B MR
RIEDHTLPTEHHIE] L&, 1992421, BIEDE TOEBEIZRHLD A B9
LITEEIHTH D (7T 20K 211 BRI, & 51T 2002 4113, THfe T RE7ZRBHIE IR
THRIANKARATNVTEHE ] BEIRS Nz, ZOBE, K (Water), TxNLF— (Energy),
R (Health), 53¢ (Agriculture), EMZRIE (Biodiversity) &\Wo7 5 ¥FICE
WT, BAOBELE LT, SEAMYMAZIEDD Z EBRD LN [HhEE, 2005].
AR TIE, ZOBRAATERESND X 5 1Tho Tz, FiktTReAR IR D 1= DH# (ESD)
Z, A EZIRT DO I a=r—Y a VIEHOHLNTIRATED TN Z E
8%,
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I7IUTF—ay

BRIV DNE T 7L Y T3 3 Vi, RSO, 5, DS
DD BHEDE L, FHOEDHIRD IR TR WS LR VIRI S BT B B
BEHD, DFV, ARBMETHIETO/ L—TRII 227 4 FOZRHAKDL
Jis BRI, BORHBIRISEICIY ANDNE TR, BOYLRY A THH L
RYULE, RIS K 5 BERERo TV S, V=723 32a=7 4 KB
THE, REHD L REERE LTT 7YY 7R RRIEL, SOX5RT7 737 —
SaAVEMY MRS, EEORS, 20 (TAFT) OBBHLE, ROEARZRL
— b [FASID, 2007HHSOTHME LB T EHRE L1,

1) BADTATTZHADTH— RIZHL
2) 1KOH—RIZF 12074 T T7%#<
3) MR XTREIT S

4) FEMOBNCETH— FaEHEL

5) #MEAFEWIEH— RREMbORY

6) H—FREATHARa VY RELD

AR TRES NS FRREBIZBN T, RO 2 DOEHOERHITOND,

12HIX, AT 4 720/ ONTAEMZHRRLETH— RIZEEZIRY, 1 —TN
TRILKZE Y ot zlr 9. KIKiZ, i, 7—X%, Bx2h—RZadidlL, £0h—
FONFIZE D TV —iZHBIL, ML T FETHS. TTTOIV—EVS
DRITIE, PIAE, BERRBIS, tha~0P8, ANBOMDBRETE) & V> i
FFHILEWTE S,

2OHIX, Rz ITHY, EOXSBFREZMNDSIPE VWS ZLEITHTHH
YDOTATTeh— FICHEEZML, FV—THNTO#EmZRT, ZN2ilis 2 TER
DFIEZHRELIEY, BEBHIRHL PR EZ R LTV L ERrZziED 57201,
ED LS ITERBERZHMATTTWIFERVOP BRIP4 EIKZETEANDZ & &T
%o
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77 VT—&

AHE A
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4-1: I T3 ETATTOREILEE

42 F—arETII—

thex, PEFEMIEIX, TEPOHAIBRICZOY = A FBBITLODH Y, RO
&k, Bx2)i, TLUTHEHETHWSY =L 460, 504FEHTD HD LT TERNWZE
DEALBELC TS, ZLT, #E, REDIO TELBAOEILOD TR E ZHE %
DAL LHED X 512, BIEDHHRIEBA~DOEALDOH T, BOZOUELLEL SN
T3 [Griffin, et al., 2012], X 4-2 1%, 1960 4ELIREDPEREFIZE T B EOLEAL
Zad. KVMBITEAEMEDR [LF (Abstract task) DOEIEHELHY 2y, —h
T, MV UEEZ S M7 L3 (Routine task) R~ =2 7 L7efl:3 (Manual
task) OBAIEIA LI T3 [Autor, et al.,, 2003], X D #igreftdi i, H54
ESNTHERLFEPERINT, HEHEALZNZHOITHIL, KD ONDHERITH:
UDF5Z L 2allH2E%RT 5, g, FERLY, FERIVNOLFETHD &
bWNZ, HAPMZTEI2rEHEESNTNE Y= a7 MRt & IIAEMNIC®R RS,

{mmwgw }[%%gw@%nmmaﬁ}{%mwﬁs&%ﬁﬂ&]
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Manual task
20 == Routine task ]
----- Abstract task YR AN
15
s 10
?ﬂ%ﬁ ””----T....--~§
E\é ”f .............
% 0 PAY XX | \‘\
Sl <L
\\
5 —— \\
~—_] o
———
-10
-15
1960 1970 1980 1990 2000 2010 2020 2030

4
4-2: 1960 ELIEDHEEREDE L
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DX 5B B S HARHFRENC, WIHIET I AMEBER LT3 &8
ROONDZHHIZBNT, E-EBPHFINIT IS EEREIZTF—a ET =8 L
THLEMT, FEHIFTZNZRD K S5 1TEHK LV (Definition and Selection of Key
Competencies [OECD, 2005]1%%),

F—av Ty —2Lid, MEfEDR, HARDAMPHEEORMFICL EELT, tha,
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AWFRETIE, ZOarvesry—z 1) k4 / X—=2a Y ZAX )L, 2) @tk -
AIa=7—YavAFN, 3) ATAT MY T IV —, 4) BN FAD 4 DD
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xR 4-2. F—aLETFUL——E

1)

BlEME « £ /T R—=T a3 VARENL
TLA VA=V HEDOIRIENALE e R E2HNWAZ EHBTE S,
TR AR, EEHLIMEDOHETATTZAIV T I ENTES,

HEAMSNIEH LT A 77 2R KBITIBIT 520, AR TZRZME, o0, FHiid 5
TLHBTED,

EAMSNIZH LT A 77 2w BRI T, AN LRI, ST &R TE D,

LSO DH DT A TTITH L, FEZFZT, B AR, ROFBFITT 4 —F
Ny J$TBHILBTED,

BhAIPEERMENICE L E &b, HILWTA T 7 242N T 25 A ORR 2 Hnilid Z
LBTED,

RMBRANDTF ¥ v A EWZ, BLEME LR, 1 D 1 DO/NSREIIRREDORD B LIT
KOO TVBZ L EZRMTE D,

RLENRTATT "L /) N—=3 3 LITDRIF B0, BERNTROFIHTRERT A 77 I12E
D EFBTENTED,

Wk s 23 2= —a v AF

H¥E, %id, 7BV T—3a VEOTIRT, BEOEZEHLWT A T 7 #MikEICEBT 5
ZEBTES,

R, AT, REEE, EIXIEZBUHET DOICHEYNICHEMD LR TE S,

i AA~DIRRE, B, AT, SEORIAWCHIDLEDIZ, RhRDaIla=r—ay
ZMDTLBTED,

SRRBRAT A TRBAN 2, ENOZHRONTHENT 2 HIEL ZTHh D RIFSNDPE
ZHBF 5T ENRTE S,

RIRDIEMRAT =7 BN EBBINT 2ERBERICBNT, RMIZaIa=r—va 2
MBHTLBTES,

SRR N—TRITECT, HWCHBRIEL K iz 35 A TE S,

HBED HEEZER T 572012, R ZRFO I LT, DERZHAZ W I LA
‘(“%50

WD Tz O DT Z R D, 7V — 7O % NOEEKITiiEZ DT 2 LA TE S,
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5,

il % NORZ i RMMMHB 0D T L 2R L, LT LDBREIZBWT, R b#EHYRKRE
ZHWDS T ENTED,

Py, A, Fb, EEHRDZDIZICT ZY—NE L THEMTHZ LA TES,

IVEa—4&, PDA, AT4T77L—%, BV LWL o ETFVEAATNAA A EII oy —
ayV—NELTHRTAILNTES,

4) BIFRREFIL
IR RO R L S DHE R R RBUSIE CTHEMT 5 2 &R TE 5,

{mmw%w }[%%gmw%nmmaﬁ}{%%w%s&%mﬂ&]

BHERBEO N T, % O/NSBRIEPENZED X S ITHAG > TV Dz oI TE 5,

AR, IR, ReEl, IV, b, R E Vo BB RIICIATT DT LB TE
50

WAL T — X 2L, REORRZILICHREZES ZLENTES,

BRI DYRADIEOHETH > TH, BEOFELH LR FRZHTENZ MRS 5
TENTED,

XD RV ZE S 12D, AR 2WICT 21005 M2Rb, EAERENZ
THILHBTED,

[Griffin, et al., 2012] [OECD, 2005] % £ 24512 THamk
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avVAFNL

O A, #3, 7LErTr—
TavEEAY, BHDELL
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BTLHTES,

O A, #3, 7LErTr—
TavEEAY, BHDELL
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TERTED,
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O Rexe Ry zWikicl, &
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) BWRYISRZEL oIz, H
FDHA TR ITN—=TLIT

ZHSYOREMZRRT DIz e
EED,

THIENTEDS,

Lo THEREMEZT S L
BTED,




48 BFaZa=Hs—av

it
¢
O B AT T7TRICT Zf] | O LR AT 4 7RICT 20 | O SR AT 4 7 ICT %] 2
LR, 2200510 | ALK, Z22hbfonsts | HLE, 22 ofohsl %
WMEHICELWLO L UTH | $#I2RNE2R> TIELWLH O | OB E 2 #0H 112 5
BT AN, HIWHZTORIFT | & LTRZIFAN, HBHNZORT | A0, BREHBITSZ LT %
3) AF 4T« | LES, %, 5. i
w77 &
— O AFATRICT #BUAS | O AF4 TRICT 2BUAS | O AF4 7R ICT 258 UHE b :
NEMREZRD 5 mEN/E | Wef@Eiy & /S | ez & < mEdk/ & %
WPEIZB L BRAZ UL, I | EPEICBILE#E L Tn3, by et SO 1 O = i e e /;
EDPTBTENTERD, PIBTEHBTES, %
2
O HWZER TS0, & | O B/, HVZERT S | O Bk, BNEERT 57 %
R T TFICRER L F | DIT, PHAESKS, PEZ | DIT, PHAERSRD, Pz )
VAZHZ 5 LA, ERfiv | MIZLEEBRSF Y A2 | ML LEEBRSFY A 2Hi< E
EYFIVARFARIBTIL | TLHTELOD, ZNEIUT | TLHTE, ZREFEGIIBT %
H R RS | BTERY, BT EHTERN, TLEHBTES, ;};
=
i O HreErsRzdistaTol | O WEMKREZIHERTOIRM | O WERRZEE2TOIRM %
BNZHEODU, B Ot | BlTHEOON, Aok Offd | IZHETOT, BH72R 0 Ofbim —
BHLIEHTEY, ik | 2HLILHBTEBZLO0, ¥ | ZEHIILHBTE, 2Th0H %
RBMELOY B OOES | LAREELOTBEOOE | kAWEE LY, Thaft 2
TR, BERERD, T EEBERD, I
[Griffin, et al.,, 2012] [OECD, 2005)% %245 2 Tk
43 21 HIEDRE - AEEHOLHOXRELGHER

ESD &80T, ZURHREMT 22 il D 37 7 B BVE IR IR D48 238 < T2 1T, ABFE TR,
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rya—nyE—vay, KUREE), RS, TE, BRBGY, K&, fEadbida,
ITRNAX—, EFORALEREE, @ik, NOBE, &N, &A1 7rz o, BiaHh4
LWV o LB RNT —< 2l S T HE L. Thooifine LT, 21 il
7 (21st Century Challenges)] Zi%&E L, HEEIZTOHEICHELZ FEY 7 2% 5
BT, BT EHEEBROORERDYE (JuxXHYVFXaTh) 2175, Thbl,
21 AT Z B IRPERTETHA S, Wb MMEJRERHE] MBI L LT
EiFohd,
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21 i OFER, ZHAFOMRRERD D LD TR L, MO HEL 7=FFe R
XNEORILEDLEE®ZEEES DD, KERELE (Big Idea) [Wiggins &
McTighe, 2007] & U THéRET B, ZHUT LD, AfEIE, HBRHIROFER ED X 5 )i
WAHAET, LD XS It RO b THIS AR Y 2 5 2 T2 O h & BEA
BBELEEHLTWL, Thbb, Wl k%, W, M E v o 72l & ORFEEE MM
ZEHDDILEZEHLTVDOTRRL, BREZEDAT A Th ook,
WM T 272012, TOXSRFERLHELFHTDT, H 5D D Z W AE
TEDEO5BEEEZS, ZhZXY, KV TEERIZMLERED (F—avETY
=) ZERL, BCEEECHRT R TN 2 LB WTRICARD & B 2B,

BHEDZEKREBEDHRHT, TNZNOZRIPMNL L THEEL, ZRRBEERRK
o FIROEEMRRKICE TRATNS, LRLRR6, EEITITARRE, LR R
& UTHEIZR D8 ) 2R D T L AT E 540N, BIR 2R, tha, £k, KB
TRIEEE, BPERATHD. FE, HEREBOLERILITEY, KHEOF M EEH
IR S NEEEHRHOATIET —~ 2BV ENT, BN, BAIZE & 51
MBAHD. £z, TXAAF—RFHRTRERER L VO TRELBHD LS5, MLT—
RN OPDOYPTEELTHES, b LIZZOEMIRLT 70 —F%, HEHRD
HEER L DN TVARVWRI G W2 6Nnd, X 4-3 [THIRL, fhx, £, KBEwo7k
BRI 2Bz, ZORKRIEEZRT,

TRV F—
H AR BB
ERER
BRIRC AR Y
AW kA S
TR —HH
B AREREE R 4 A= 1N
& I YA RS I B A
EIRR B
BRIGRE
FET I

4-3: FREFOLHMEOBITHIRE (B, (=, &Kiff, KB
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BURA R ITHAE T DEIT T DEMES U, 5 1 DO TRMRRT DI EHAT
ERNILIEFNIFETHRL, LEFST, 21 HlOBEIORBRE LA L, th
Kz R o TR Z 2T D 12D T —< LALEAT, LRl U ZZZRlo R,
M EEBRE O & MWtk mE L, ZheEdd ETHRITED. TOX 573Dl
A, FREBIZBT 5RANREELEIAY, ttR2BE LV LBITOEMIZD
BB T EBREND PHAEBIZBIMEN TS 2 23 TE S 21 I OFED—BNELL T
DEYTHD.

= 4-4: 21 L DRE LB E B T

215 DRRE HeF R (BB N BERTHI
YWE DVR, WL & PR
HhBRIANEAL o REBAL S, @R LR
KA B) o KBSROBRSE, O LD & A F LA L & i
G Bl

BRI RN —L ZOER, TRLX -G
WEDNR, T T
IRFBZEAL &8, W DRl &

WL - TIED « DO D LEE, FE, E, Bool ) LHE
WD BILE

FREDIE, WIFRDEE & RKDEA
HADORK LR, RAOB & &p#

L TR AX—, HENTRLX—DRAE

R TINF— L ZDER, THRLF—HIHRE
WEOTHE, FollY) OWE L ZONE, ko3t LY
b, k&, b PgibE#

BT A, ki

R - el
REY T

Mgk & B/, /BT L#Pl, BREZDTRLX—
e &

EIADL DA, MAhOBHRPZ D)), EHEAYELHEE
e XN F—, DHMTINF—DRLE

BRI INF—L ZOEHR, TRLX -G

KB DEXIEE, ORI LHEAF
{b22g8ik & it

E SRR, FRT R F—

TRAE—E
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5 waemmasmmon

BE~OEREEHMN (ICT) OEAZ, AV Ea—EZR0f X —Fy bOY% LK
ZIHMT S, eEROAR ST, FrEEIZBWT L ERITEA TS, ICT DiEY)
BAMIZE 2T, BHEOKARHE, TNoARSE L, EHEERBEIE/RORSEEZ
FHDTLHRTED, iz, ALEECHHNEAEZEY, EEARBLED L S ITAESEDH
ZHCEMT B Lizokisb Lt &hsd [UNESCO, 2003], LT, ICT %, #H&HIE
ZHlEbl, FrilndiRE~0BzH< L& bz, Mtz - EoREIT, K0k
ST DFRERRIZT 5 L Wwbiid [Webber, 2003] [Lockee, 2002], —#4 T, ICT ##
BOLTHMT572D121F, PROEBREDOHADLENTIENL AT, LEH, F8H&, 1k
2, ZTLUTHRED 4 DOBEH»H, RIRSNDHHIZBEDSEH (Imperative) HRH
N TW3 [Sapianchai & James, 2005,

) HEEOHE
FEHEOFY, BAEGE, thRTHER L 2 BRI BT 52 &

2) FEE (EE) OFB
HEPRERROMLEIBRHIZIB VTR ZEDONLS I LORWVE 5, LEREINZIRY
ANT#BEEZITHT L

3) thaowH
Btz +oriciG il 2 ediz, ik, HredoERE, fikzETHI L

4) DEOEK
FREREROWFE, FRHEORIM LEEZR T EOIZ, B 2R tTEZ L

AfiTIE, TOXSRERZRIEIC, HE, &) DIFFAEFIIBNT, ICT OX
AITBED B IR & Z DB BT OV TEZR LI,



S5Hi #H LIEHE S RN (ICT)

51 =ZREELICT

HHEICBIT B ICT DA, EHEESBEEHIEITOVTRMED, HEid5Z &R
TEORBIZBNT, KLHEMERY 52 [MacDonald, 2008]Z &5 6, EfEFAD
FRBEADT 7 FBPRODHENTNBZ LA THh 5. BURERIZBIT S ICT ofEp L
LTiE, 7Ly MUK, £ v Z—F>y b, ZOMD 5P 5EME N ZHIE 5
EOIHMREZNEST DT EZ N2 Y (BT, BoY) 252K TEDS.
BWIRARIZOWTIE, EEASPFRHEEHAL, £, SGERHFA D THFEOEHE] B
RITK > THRAICHEBG~ORBHP RO NS, FEEYEEICERS WL, HEGE
DERRIZ S 72 > TRE TN HEIZ LU, RO & 5 RGP RENTWS LEEHEE,

2008al.

FHERPEORIRIT Y T o T, EEPFRET V2R IIMNT, Y Ea—Z0f
HOEE R Y b Y — 7 FOMMFBZ WY D0 EARN, B TE 5L 919
BHOPRFEHERFET DL LEBIT, TNHDOHRTFEITMZ, BUBETEEM P
BHESEOEM, BHOWYIRENZXS I L

I bmARND L5, M, HimRKORETOHMLLTDOMAIEER, &
CETHHUBFEDOIE LOFRIEICL > TREINDI D LEWHSMEMNITTH D, Lho
T, BRNRNBIZOWTIRE A DEEED, ik, RS, tha, ERSE, Moo=
— AR LD VIR D I EPRELVWETHLEWVWAD.

52 TIRILEVHDEA

BRH20% K OBz X A, £D X5 RFER Ukt SRR eHR 57
DIZRPTZEDOTERVICT K& LTV HDOFEIENRDH D, AR, EENRHBS
RHEKE WO ADE Y (RERT AR, T, W, ki, M) 2z, 2hod
ZHVT, ARROBLOE(LZHA, RICHBCEERLEZTT 5 RN 2R > TV,
$h, RONTHER» L, FEREZY 5582 TP/RLEY, BRZ2SEHLED 55
JE 70 JRE & BohE bR A D .
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ANHEZ, BODEETERADILOTERY, LLIBERLTLIENATER
WBIREWZ D7D, BTTNARLELTOANTNREVYEZHTEL, HXDERKD
%, 2 U GEROBEAARIBER LEDT, MEEZHET TS, oY oiyes
ELTIE MR, JEh, HiR, b MAEOWIERS, Thoz2hTa%E T, £k
i, SOICRINRZEYRESITERL GHIRICANT 2@ LEhd L,
2008], #HaAEFHE L Z, NHOEEZH, BHCZNZBRT 32 yOREz 2B
A, TARD, PHANBIG 2R L, KD ERNITRDTZDITBRARTREIRPT L
DTERV, HIEDILEER EIZHBET A R, b LLIEL Y gz T AROFEFEZ
JRFB12ODTNA R THDEEHTHILATES (K5-1) [Homma, et al., 2013],

Higher level of observation skill with digital sensors
A (Right pics, courtesy of PASCO Scientific)

Observation skill

Sensing capacity

X 5-1: TR HIZLDEEMEE O E B =X)

fehh, K, B3, B, B BERE Vo REEROLMLRRERMIZEV T
HBLTHEHENATWEDR, 2oy THS BxE, HE, pH, 02 COz HEIE,
A, BE, WENES)., ZOXSBEREHE RRCRYHEE) 0B THEYICRITT
B5ZLIZEHT, HIEFEEDZHRRMEICELZR > TEH 5 ZonFITRdE LD
12, WIHLIRRIZ R SN DB PR MR T2 ETH, ZOMNERIFE T ERTES,

SERICEDHBLOMDHRA

FREEEEE (R  DCEREEE, 2008elic#iF b hTnd THhIET 3] &)
AR, EHEOHEKDATIRIECEZLDTERWVWEILE, ELHEHnwEZLTYT
NEALLZBRRUBRTEILICE 2T, KVRFELEFTERTIHIILENTELLE



S5Hi #H LIEHE S RN (ICT)

ZAbNb, NHIDHED» S DAL, Bt~ 70l ns T bThrLlEnzE->T
WIZE SN, B < TEMEMITIRWEMPLDHEIC WO NS, B 2HWEya, &
WE, VITAEALNCRZY) = RIZBEL LR 777 LTERSN, NEDOHZ
BLTHIZEOND, DFD, ke BV ET, Rpc%lc L BILT 5BI4 28T 5
ETORKIIRLRDLOD, BIRZE LD (BT v 7)) L5 EKRIZBWT, 2D
UL, HEREZHWARET SRE2 S, b L IRbT 2R HI 2o TV D,

PERE Y, FRPITELEPBIGZBRTIEAAIVTL, V577 7ay bLEOD
Bl idihd 5 £ TRITAECBERINF ¥ v 71T X o T, BT & > TlE 85 % D1
ETHEIPDOEIITECWMOLNTLE S5 ZEBMEHS N, BV ERHTHZLET,
TDEHI X xy ThiMNZTBI LB TESLEIND [Barton, 1997, F7, ARk
WEZFM LIztk, T—X2RTl#l, itHL, 77 7T D LW MR LB 2 04
FL 9, FEBROGHE, AL, ERE Vo7, XS EEERERICRNZ LD TS
TEBTEBLELVWDbNIRB [Rogers & Wild, 1994] [Newton, 2000] [Osborne &
Hennessy, 2003],

TDESIC, BUHEHHTLSI ISP ENODOHD, 4T, HF
HRH, B H DX S BREENLREREBBTHNEZLIZEDLWEROZ L, £,
PR HITDONTVBERP LYV X HI1TiE, i LOME, FrifiE8 ko
LWV RERELFEIET B 2 E DR E N TS [Newton, 2000] [Tan, et al., 2006], %
e, BiRDARZ Y —rv FIZABMICERL S, 7787 ay FEndEHIL, i
DHUHI R BB IZHEDE, MRL T RVLDTHIUE, Bzt Ens
[Rogers & Wild, 1994] [Newton, 19971,

BEMDREERE

FETOR VY OFIFICE T AN EIZFENEOR D HABSEIZRD. BRO
Y, ThETRDLKBELOWHIZHES RS NEHIZ, 7 XY 7D NAEP
(National Assessment of Educational Progress — The Nation's Report Card: Science
Highlights 2000) T®» 5% &EBbh 3., NAEP 1%, EEORIERAGEE HRE 2N 5 7=
HIZ, UTOHEBIZH->MllEZ4T 5 [National Center for Education Statistics,
2001],

79

It 55 © i T 5 b P

#
=
Y
Y
[
A
2]
&
A
&
&
¢!

{mmw%% }[%%gw@%nmmgﬁl{%%w%s&%mﬂ&]




80

MBRIEEHIRFAIA 7 —aV FHOEALER

1) FEEZDOLDZR->TWDERES
2) ZOMEKEEHNT N ZR>TWDENES P
3)  EBREGELTI, B, mBliEEZNNT, ARRCHTIHEM2RDOTHDINE S

2000 4EIZ, 7 A Y 1D Graded, 8, 12 128B1F 5% 49,000 NDAHE% K41 [F 4
BEBS N (ZRTh, HRONER: 44848, ek 2 48 X O %A 3 441
M), # 5-11%, Grade8 DEWRD, BIEOBETLEOREI L Ea—& 2L, £
NBRATIBEABRL TSR LTS, U—F7atRxR, ¥YIal—valy, &
TIV T LVHSEFBHIZE ST, DFIrRFA U FOBNARLNDE DD, ZTDHEZ
BETERV. £k, AV Ea—ZEZHWTT =&zl > 2 &IV Tid, Thz
FITLEZ LXK B FEAZAON R o T,

& 5-1: RIFIREICHTHLELE (Grade8) DAV E1—4FI AR ERIT DR

1996 4EH A
AAE M Yes ZAT Y No 227y
;; F7meR% 22 % 154 78 % 151
YIar—vayv/
25 % 155 75 % 151
EFYV LI EMS ’ o
T— RN, Z DA
19 % 152 81 % 152
I DA ) ’ o
2000 4EFir
HEAEMIE Yes V3= =] No 237V
;;antxé 35 % 154 65 % 151
vial—Yayv/
. 23 % 155 % 151
EFY L IEMS 8% 7%
T — RN, ZOfth
33 % 156 67 % 150
DA ) ’ o

[National Center for Education Statistics, 2001]

£ 52ITREND L ST, Gradel2 DAEFEIZRILTIE, fEH EOREDHETEY
PEAHA LT —Z B E L &0 EREHE 2%, TofRE, Mikd X R



S5Hi #H LIEHE S RN (ICT)

AHIRS R (R 7FE) OMBtEZEE LTS, 1 7ADS5H, 1, 2RIOHETEY
YRR LT, 2 <P LRWERIZR LT, 10 R4 > FOBEARLH, $2,
B LT =X 2§ 2 TRZ 2RI AN, 16 RA ¥ OB RS

k.

R 52 B EICBITA44E (Grade12) DO E1—42FI AR ERTT DEEZR

2000 4EFHE

&L bRy

A7V

17 Alz—
Kl 5

AT

1 5 iz
EHLLLRES

AT

A Z—=%v b&
v, Mg 57
— XM AT
35

45 %

148

13 %
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9 %
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T Sk S
v, fhopER
Bl & KRR
AIZB Y AR
neds

54 %

151

7%

151

4%

146

IV Ea—RITHE

it S NI EBRET

TERRET D
(v OFfIH)

42 %

148

11 %

154

13 %

158

aVEa—R &l
W, BRLET—
T )

44 %

147

11 %

157

11 %

163

[National Center for Education Statistics, 2001]

H%F TIZ, Grade8 & Gradel2 DEED R I T /5% 5-3 ITRT

% 5-3: Grade8 & Grade12 D A7 EREBE|&

a7 Grade8 Gradel2
Advanced 210 Lk 4% 2%
Proficient 178 ~ 209 28 % 16 %
Basic 146 ~ 177 29 % 34 %
Below Basic 145 LI 39 % 47 %

[National Center for Education Statistics, 2001]

SUHR=MZBNTIE, 1997 4EH D 2002 4FI2BIT B [IT~AAX—F5 21 Db
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HEMHAL TV LOEMITHL, 67 % (394 X593 N) OBEPEL L m%E
L, DT, 33 %DHERIFAHEAHLTHZRY, b LIE—EEHLERZD
‘L, &0WH ZLIZRDED, TOBERITAHET HEME LT, ROXSRHHD
HEMBZEF N [Tan, et al., 2006],

HHED | VYRS OB 2 BT SO IEHZ R T 5.

B ED X S IZT =X ZRRLFHTS 2 D028l 5 DIZNE 22T 5,

BB RNE NS T L ED b, ET TV INRDODNEEZTRTIRTILDHBRYTH S,
FRBEDY T NALURTH AL T L BIERITINETH D, FERITRY,
HEITH Y, KIAFEEDE, BEHPCIPEROBIEIZ P2 SHRPERTH 5.
FRBIZ I REBIRRDE RN £ Y Z =T 2 A RTT—ZZMVRAALRLE LTS, RIF
D SR BTN 2 LR T U7 7072,

% IR ITBIT AEHTH U, 26D 47 %% 5, BEROEMEIZE D S HiH,
HIVF2 T LANORY AAIZEDBHE ML, ZNEN 35 %& 17 % TholztEhd
[Tan, et al., 2006].

HARDHRIZEIT 52 o YOI, FITHELREOWBLGEEA b k< ITEE L D
OBV, FEEE VAEEP D SHEER LA EZMNRICLET U r— MER [FF,
fi, 2010123, ZOBWHBRERL TS, T 77— ME 5 BREaHl (<A =5, %
=3, &<EMbRV=1) THMmIN, HEHARICTHEPIFFTS (4.1~4.5)1 [F#REN
BRBYRLRT W (4.2~4.5) ] [MHBIRZEZDEoITITiRD (3.6~43)1 1777
ZHTOHEERP TP DIZ W (2.4) ] TFEBRIZREERZ 22D $ED (2.3~2.7)] T3
TEDRFWD ANZIZI DR (3.9~4.2) | THTASTHER (av Ea—X D%
A) ZLEV (3.1~3.3)] LWVIHHERBHTNS,

T DM, RFTHEF L EE (B 14, §93,800 N) Zxt4 e LWz
B dEEHANEHES TS [, fh, 2011]. Zhic ki, wkEo L Ei,
WHORET R Y 2RI LIAER, 2K 1 %Ki THD I EBPRINTND,
NAT, RETEHATDREIEIHANSNODHZRMIZBNTS, BRE LTI
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DEDXS7%, BEAYF 27 A5~D ICT ORVIAARLE VDI, Kir, B
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53 TRtV DOLEERELRR

LROBEFBRITRE L, 2OEMICH Y F 2T ATHEHATEZHEMTFA X
—7 2 A AR UYL, BUR, HNA—H—BBFEELRVEV S TRN, W DHhD
BULRERE « BobE X —H—HG60ME (T AV I, A FV R, A RATTAE) QRS ZE
WIFIZmAlRGeZ LTS 2 &R b, TRITKAET DT &b, i0S X Android %
FRV—=T 4 VTV RTLE LA T Ly M RPREITHERBRITE R L, PRUAE
THLEADBES S, TEZENHXT LY MK TOT =X RNz THICT 5T AT LD
RFEDBIEBH>TND, £ Y X—T A R LTy V2T 57D, 16k USB 7
— 7N TV ¥a—RIZERE L TV b D%, Bluetooth ° Wi-Fi DR ZB LA 7L
v MERICEREL, VT AEA LATT—ZRNT B2 LN TES,

& 5-4 REEREITT—2490T7)0 T HERDERELN

A—J— 5| URL B4
PASCO Scientific TAYH WWW.pasco.com SPARK Science
Vernier Software & Technology TAYH WWw.vernier.com LabQuest
Fourier Education A AT TN www.fourieredu.com NOVA
Globisens Ltd A RZ T www.globisens.net Labdisc
Data Harvest A XY R www.dataharvest.co.uk EasySense
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® 55 YVINILIT, AVB—TxA R, £ YD) v REE T

SPARK

. LabQuest NOVA Labdisc
Science

FHIEIEH (abstract)

Easy
Sense

1)

V7 b =T H, Windows, Mac, i0S,
Android DWIFNDZFRL—F 4 VTV A
T LB T LR —DBIERETHB T L

2)

WENDARL—F 4 VIV AT LR
DK TH>TH, ERLEERT7 74V
BISY RIZL > TIETHZ LHTED 5 8 3 2
e

3)

Uy EET S LRI, Y7 Y
TBAZNABRGEE TV, FRRERT
5T &<, HURITRIEZBHMRT 52 &4
TEDHZL

4)

MYRAAETF—RETFORMEHELT
WHF 22 HEHTHY, 1 DOOBEUHE
HTEEONEZTHZLBTES L
(), pH, JEH, BIED 4 E%)

5)

R LY ORI <. WF, b
S, k), HEERTOHY F 2T Akt
ETE, POSRARNERENCH LS 32 5 5 4 2
x

ReAHE 23,25 17,/25 14,725 14,25

13/25

GHili 50 ETHMTIEED 4 UTIRED 3 LROYUTRED 20 HEVUTRESLRY 1 YTRELRW)

BALEY 7927, A V=T 24 ZABRLNCE YD ZL FIZRT,

< Haa SPARKvue 7—& %> 7V VT (44 +54%LR)
< B PS-2400

« X 0S8 Windows 7 BL |- / Mac OS X 10.7 &L |-

© N

1. A A=V HUSB AEY (1)

27 Ly MAM 108 : httpsi/itunes.apple.com/jp/app/sparkvue-hd/id552527324?mt=8
Android : https://play.google.com/store/apps/details?id=com.isbx.pasco.Spark&hl=ja
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GH Y % AA F > Hil/USB 5
WY 7 b7 SPARKvue H
MR X Bluetooth
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1. A& =74 2Kk (1)
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#

H

18

[
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Q

N &

B < VFALFEE oY CEAK 10 B) %

BRI PS-2170 ]
Ky 7V 7L—h 100 Hz )

bl | g -35~135 °C / pH0~14 ’-%EB

HiXHEH 0~700 kPa/ T +10V i

s ES

N 2

1. BVYARE (1) i

2. pH 7u—7 (1) %
3. BESu—7 (1) _J

4. AFVILRARE o —7 (1) -

5. FHIEERE 70 —7 (1) &

6. YUY (1) 2

7. AR M (B 4) E
8. ENHFa—7 (1) —

9. KYYLAYFa2—7 (1)

Sl oy < NVFERIE Y @AKsE)

I PS-2168

KRV L—h 200 Hz

5 PR IR -35~135 °C / % 0~150,000 lux
HF L)L 50~100 dBA / B +24V

P

1. BU9HE (1)

2. BESu—7 (1)

3. AF VL RRESu—7 (1)

4. BYTLELFa—T (1)
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EBIE £10V/ B 1A

N2 i
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3. =127V y 7 (%3, B1)
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T
BRH TV L= b
HISE A

#E

g Y cgass &)
PS-2166

1,111 AU > bs
alB/y

1.5~2 mg/cm?, mica

%
1. GM % (1)
2. FUANLTETE (1)

B fat oY A )
UK PS-2121
RRY TV TL—| 5 Hz
HIEREPH BEHE 0~100 % (WIJEFRRT)
PP R 468 nm (#) /565 nm (fk)
610 nm () /660 nm (%)
N2
1. BU9AE (1)

2. Faxvy b (5)
3. v r—70 (1)
4. W —=2 (1)

\

| 7

aaanm

lilj,-
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RV L—h
5 PR

2 R— MBEAREE S Y s &)
PS-2156

2 Hz

HRNBEE 0~100 % / HixH@EE 0~50 g/m®
Mg -20~55 'C / #& -50~55 C

N2
1. BU9AE (1)
2. WEARE T u—7 (2)

B

B
RV 7V T L—b
P AT

CO: B CuAss &)
PS-2110

10 Hz

H AP 0~ 300,000 ppm

N2

1. By HAE (1)

2. U TRV (1)
3. VY r—71 (1)

B

B
RV 7V T L—b
P AT

OB ¥ AMs &)
PS-2126A

100 Hz

H A 0~100 %

N

1. BUHAEk (1)

2. 0: 7a—7 (1)

3. YU IARL (1)
4. By —7n (1)

[ SR BRI & 0 5]
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B2 A2 DREREIT OV TBILZ R0, B2 RER 28N UE, BIRL TN, 20
IZBHRL, ZOMRDIZDDEERLL T OWTEHET 5. (b
AVE—=2y b, BEOMIAIEHED AT 4 T L, JURESR, PV, kYA 7V EZDE
DNTHARY, WEZHET . Gt #%)
PESEFRIR TR S RRFFIE A5, NHVESOHERS, 1 ELORDIRPTILOTERNLDTHD )5
T, HUERBRBEANOAM B RIBHCHI T 2 LIT&A <o Gh #50)

RIS 2 T SINEERZ LRI A S E, The oDz RE LR EZHD, (1
%)
A RWEICHLL L & BT, BIRRLEREBLT, MEHOELIREEILORSE VT, o
KA 268 2 KO8 & 28RS 5, (m)
2R DKEZIP D, KIEPECDENZ, BEEORBEILDOER? HET D, ()
ZOBHRLKERDEFEIRD S, BOTE), WOFOTEXS2BRT 5, on)
A XL DIHERTNY , A F 2 DRI TFORY) EHITBRT 5 2 & 205, o)
BRI F TR F—2ERT RN T —ICBLSEDEETHDI I L 2D, ()

B Ly

TiED, RS, BiaTHadx gy, Kith, AR, RoRE, KRXUE, WM, MRS

— Eyiar1l —

B RT—kAVH

SURZEE) LR RBBED N (OR» S DK 2 NIRRT 2 L) 1Tk - T, FHZHMDKY

AT NBERXA=D %520, WHIZ X > TRRLZR TIEOOMEICEIG L TWd. X747 2@, %<

HENZHETRETHD TIEDIRE 2T, HATOEDL LRRERMERIZED L 5 BB R S0nE, 7

N—T T LizERTS,

avETFYY—a—Fk:

1. Bl A/ R—2a0 2% 2. @232 =7 —2av A%
3. ATAT - ERITIV— 4. HEMREIL
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HBREEHOIRFIIA =y —LaV FHOEALRMR

B FEERRMWbD

=47 1(1t,Sw-3): 15 %

TAYHTRETHS TIED L ZOWBERY LFEATA TRMEL, TAYVHEARTRETY
ZREER 2 DS — RigEEI S,

http://www.nhk.or.jp/eco-channel/jp/history/theme/05.html [F-—-<7% b2 SEREE - NHK]

E£1T72(Tw-2): 15%
2 DOMEIZED X S BRERTORBOTNWDIDOhZE( L, h—RicEERAAR, 7Ju—Fx—b2E
T 5.

(Bl [7AY ] &l BRI & D NBED & OMBEDZETE | KBBHESVIT K SR KD K EFIH
= Kihowefb = TiE> = BYAEAR = EMIHGRORRE = ‘RPN LA = iwmAZEE
B (bvEwal ) offitk LA = LMK LA = Lz i TRMOME L5 = Zatl
BoOWK [HA]

-

"--.‘

ET3(0): 5%

WEERD W DD 72 W S <UEAMER 0 L H S hE < 2 & T, KBS #FE L RHITERT 5. WA
HDOZ EDTERWVIRBUCIE - 1Btz TIED L, EEZ DX SR TIEDITHEbhSHEE & b
CZDRHBEBBARLTELLVbhB,

ET4M): 59
EPEARRIZRB L, TGBOFEMIZE->T, BWE XD E<H T NBESHISIZEMD HENS X 5
12725, K, WEEAPEWETIE L DSBS RITH D 31,

TOTAET1a—k:
It = 1FRI=E Co= A3a=k—3>
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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B XT—kAk

HWER EDKRYA 7 NOEEN, BEMOEETEEZRIEL, ELEVEENOR T2 23R
NBDH 5. wFEOFR, KEBHERV, BHORKBEKREE Vo TEHEIZ, TOKTA 7 NVITHE7RRER
bl TEORER LT D

KOBRIC > TEARET BUAAE B, CRPIIRIEL £ & 5 ICEOREIWEE 525
DDA BIDOIROFIEER, TNELITT S,

B FEEREMWD

ET1(1t-3): 104
EBOFRELENOMMA (Tt R) AL, FV—7NTHERE AT,
(R i)

D BRI O - R ABIRD BB,

2) BBPVWERIE EA-L, ZORRITEIRLUEEZ FIF5,

3) HELTEY, BAITETDE, b (EHK) ORDITKEATES,

4 EHITELN ERLIRENTRD EKORNTE S,

5) KRKDRBREL RBDLEHE N LD S,

T L KRR BDRRERNA L &, BRSPIEE DR
Heitz - R OKZLPA LEEG 5 & &, oL sk

F172: 50

V. EBOFRA T (1t Tw-1,2)

D 7723zH0WT, M kOXEL EZEOXEDAEZLED LI SITEYDHLELRWES S H,
2) LZEOBY (FEE) 77 ZAINZEDOL S ITHBILELRWES S b,

3) W UTZIRGE, WoREE LD XS IMEVHLELRWVWES S h,

4) ABNOBEE LIENOEALE EDO XS IZHELIEDHRWES S b,

VR RTRE 2R J2BR A HLAE
Wi, Fo7A4Y—, 48—, sAFEe 4 (E, EHIE), ATV LVRARETa—7

avETFYY—a—Fk:
1. BlEM A/ R—2aV RFL 2. BEME-aSa = —2av XF L
3 ATATIERITIU— 4. BEHMIATIL
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HBREEHOIRFIIA =y —LaV FHOEALRMR

1)
2)

3)

4)

TFUAER (Tw,Pl-1,2) — EE&RA ¥ MR (FAr—TFick > TRRS)

7 I AL, WIEROODWEFa—T LT v OhRERL, 7T AANBEWTET S,
WEITKEDT, ZOMET T AIRNITEY A,

EPTRECIE, 77 AaNEE R Y —CIREEX%Y AL, WHTRHZIE, 75 2aniTkzEd
LARTHHHES.

ILRORITIRE T 0 —T %% LIART T A INORERIET 5. £, T F¥F2—7ITEht
CHITHREL, 7T RANDIENZIET B,

1
2)
3)
4)
5)
6)
7
8)
9)

10)

FRTNEDIAT (CALRFEDOFEL TR (Tw-2,4) (FA—F ik >TRRB)
Fa—Tzi LTy 2T LRI MNIT 5,
ILKe% 7T AT LA,

7 Rate Y EREZY RIZRY 1T 5.

77 AaNDES EIREDELZ PIET D,

JED) &R EDOWE Z T 5 .

DY UTERBWEDHILEY LT, 77 RaNDETEN L,
77 ZAANDIES EWEDELZBILT B,

777 ETEEPTERDL, MEZKRTT 5.

WEP SR ONTIEN LIREDOBRE E5T 5,

ROFMN 2D, TNENEOREREZHRT S,

R AR NP

ARV CREE Y2

o o 72225 H

« o TR & B RS

?T?ﬁﬁ“**ﬁ:
Kk

7 7 A ANDERE RN TN DL 2L & L

FOTAET4a—F:

It = HRInE Co= a3a=4—Y3av
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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B XT—kAk

WIS DML D KB HERWIT X > TKERMA T 5T & T, ZOROEITIREZ EFL, D
I EMDIED R VBREITR D5 H 5. £, RRICL > TRHLORMICE R Z b6 L, &Y
EFEIT O ERIN D T LB ERIS TV S,

DX S IRKRDE TR, A F AR D RRD 2 DOEMmE, EMmEICIRAET S EMAEP S
HEW9 D2 LA TED., BiRELBEDRRZHAT DLOOEROFIIEZE L, ENE2EITT D,

B FEREH
EIT 10 Tw-23): 105

KEBEDP OB ERDM (Nifg) ITED K BB RITTH, AT 4 TRl U T, R,
HRERs R E554G, BEERIFEONT, FUREANLLEL SNIEFEEZNAT S,
http://cgi4.nhk.or.jp/eco-channel/jp/movie/play.cgi?movie=j worldnet 20100710 0428 [JHHEDEHIZOAT BT I

iE - NHK]

27200 : 104
B, Bk EETEN LD TIrhRENE (BMET) 2H85ETHS.

AT AP RENERIZ, BT 2R TS (BILRIE) - <A F 2D
AT AN S VERIZ, BT ERITMDS ELRIE) — 77 AMZRd
(HRERI DA A AR DER R ENFE, BIAEFIKRELRD)

£173: 50 &

V EBOFRA L (1t Tw-1,2)

D E—h—HNOEKDREEED X S ITELIEELRVWES S h,

2) BMEZRESEZEEEEDX SITEY EIFELRWES S,

3) TEZEURERENAZMZITE, EDXIBREBEMALGDEREZLRWVWES S H,
4) EEEVIZEDOL S IThlicEEE L T, BEZMELLSRNES S H,

VR RE A R 2

2EV R, 7507, E—H— (50mL), #ifp¥, RE—F—, BTFRPA, V— i, Pe¥H, 3%
S, i (1,000 Q), wAFLEEY (BIEME), BET0—7, &K @, &, =7,
B, SN, TAI=wLAE), KRl

avETFYY—a—Fk:
1. BlEM A/ R—2aV RFL 2. BEME-aSa = —2av XF L
3 ATATIERITIU— 4. BEHMIATIL
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MBRIEEHIRFAIA 7 —aV FHOEALER

1)

2)

3)

4)

TFUAER (Tw,Pl-1,2) — EE&RA ¥ MR (FAr—TFick > TRRS)

Mkz AN E——ZETEE 0 %& L, S LI OlEomniikezhehe —F —gfEs
%,

Bipd 2 MEHOEEKE, RBERZHVTHAWEDRIZEET 5. SR LoR#HIBLZ 5
mm FEEIZT D,

BTN E TV I =T LEHVD, A A ULBINONS VIR T T 2R Y, A A AR D
KEWT LI AB~A FZRmITRS,

BRI HGLZ DR, EOHEGUTH LIAICEE e V2T 52 LT, BEZHET 5,

1
2)
3)
4)
5)
6)
7
8)
9)
10)

11)

FERFIOFAT (WEOR & BEE) (Tw-2,4) (FAr—TFick>THEZRS)
E—J —ITHliK IR 1~5 %DEAKZHET D (1 %%AH)
BAZEBIRZMEY, Em2ES, (BEbzidsk)

B, HHl, Y — Pz fivblgk e, (FERmMmEEZ i)

Bl BIEE 2T 5.

DX BBIE-WENRETZ 7B/ ONDI P TPRERETS.

BHET —ZOWEZFRT 5.

U—Ri&Er I o 7ienlt, MKkBA-E—h—NIZEREAND,
V7 bU T OREERZ 2T,

IRIE 1~5 %DHKZE T, [FRONEZBED KT,
BELHETREDBRERT T AP ONTEDL, WEEKTT 5,
fFonfeT—4%77 7L, BHE-ETREDOBRZEL,

iy ¥eis & FERm R E O BIR

HDWEDEKITEMZ DT E T A, 045 VERLZ. FRTRONETZ 71D, TOHKD

W2 HEE T B

FOTAET4a—F:

It = HRInE Co= a3a=4—Y3av
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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— FEOFERELD —

Zk"j-/f 7}[/7 g%v %Zka “JILHja :Ft-fos )\Di’%j(, %ﬁﬁ‘f’ﬂﬁ, ?giﬁ‘/\a %o)g’éﬁza E}_ga ?gﬁf%*}(‘a iﬁ
IrURIE, EMEIE, A F LSO LIEFHEIWT, /fohikl e, Bx3¥E6NI e, £
LTRWNWEZLZELD D,

[Ehzho Iy a Y THERLEAT 4 TEGIZEFEROBEHA S, 8L Tuian]

7.3 EBEBREBREERIEFEREYT, BRIERORERF

B T AHH
B, fh&, B, B

B FE-ERAR

D EEER 2 2RI OV TRIL & D, A RERZEYNTIE, #IRLTLHN, 240
ZBEHRL, ZOMRDIZDDEEERRL T ONTEHET 5. (b

2) EEAHERITBI D HADEEIRDH Y HIZONWTHEZLD,

3 AVE—%v b, BEIMAEHED AT 4 Thb, ILAREONE, Ke¥REy 7, BN
ZDOWEBTOWTiARY , NEZET D, Gk, #%)

4) FEEEFERITMNE S RIS EAS, NBEROHER:, 1 EOEDIZRPTILOTERNLDOTHS
T, EBEZSA I REREICRERT D Z Stk <. G #%)

5) Fike[RERA R D ETHEHIT, TNETERAET RN X —EHRIZBET 2 HMZFG L, HHL X
S LI HRERITMNITD. R

6) ERBISMEL RKOBURE L5 L, AHIOEEH HARRIC RETHELIMT 5. o)

7 NHEIOTEBHKRLKKOMBIT G 2 D HEZMY , Tz RO LI 2T 5, o)

8) Wtk & TNV D KBROWE 2R, BT NAY OEREZERT S, o)

9) BETNAYDENTNORMIIKEA TV EKBILIA A XD LEMET S, (@)

100 BT AH VOB SIE pH TEESNEZ L 2MRT 5, )

B Ly d
T3, bfkkl, HEAT R, LW, BBIEW, pH, BB, L% REY 7, BEEERE

avETFYY—a—Fk:
1. BlEM A/ R—2aV RFL 2. BEME-aSa = —2av XF L
3 ATATIERITIU— 4. BEHMIATIL
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MBRIEEHIRFAIA 7 —aV FHOEALER

B XT—kAVE

EARRB 2R T LW AIC K > T, BILWE (ZRBALYOmERILY) B34 L, MEEEGLL
FeZ DX 5 RBALWEOHNI MO T, BHEWCRALEREY F23 SR T2 PN TNS,
T VTR E QPRSI L, HANOPELIND ZEPREINTVDH T ERH, 22 TR
OPOREZETTV, ZOFEEMD,

B FEEREMWbGD
T 10 Tw-2): 155

LA BRI LIZ > TR T AL WEIT, SRR ERIL A H D, ZHHid NOx % SOx
LIHEH, NO/NO2 bLLIZE SO/S02 &V ol md o ZNHIBALWE A K TR 5L, M hiiEz 2L
U, ZDOKIZBIEMINTAR S (FRIZET TEEE N DIRINE D) . £z, KK (A IZk->THRAL A X
ZUNTEALT BTET, ROEBIL 2R b, MIREICRDERRDED iz 2T B, MRS~ OGS
ZEDHB,

ATUT & BCZDBURZBILEL, 1) BIERNRLIALFERE YT DRAESA, 2) ZORERN, 3) EfFA~D
WO R EI—NCEIRL, 7V —7 TR EELDD.

http://www.nhk.or.jp/eco-channel/jp/history/theme/06.htm] [T —=<» & 22 SEERE I - NHK]

47 20t Tw-2,3) : 15 %
ERBALDOREFENHEHBCHEN PR R 2R, ED X 5 RGd b EREWE B E b 0 d
BB,

http://www.env.go.jp/air/car/pamph2 [[HB)# NOx « PM DO T8 = - BilEd]

TOTAET4a—F:
It = 1FRI=E Co= A3a=k—3>
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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http://www.env.go.jp/air/car/pamph2

78 FERRADEKSG]

() NOx DERFEEPIHBHETH Y, 2EOHFHEROY-IZ2 DD, ZOHTL, NR, FFv 7o
HFERWHEDT 4 — BN o VU BEDEERPHINETH D, T4 —BLZ o VU, RE22ER e —
WU O TP ORKSEDIH VI VDV ERARY, Hfi LRI 2R EMNITARERER
BIHIT, VY I ENTARE RS ERT .

47 3t Tw-2,3): 15 %
W7 UTHETO, ZXEBIEYOERPHESEZFHEL, EoHETHIMEMIZH 5025,

http:/lenvgis5.nies.go.jp/eastasia/ [T T DR KRB e~ > 7 - [ETBREWFSERT]

Bl KT T 2ETHSD L, NOx AERFHEENE, I 30 4FHT 3 HEDOR—ZATHMLTWS, HA
WEHERH ZBUH S O#E B4R 2 WAMERNIZH B OO, HAEBEOPEH RO MONTE L, FiEEiz LY
AL R T AR D RITHND &, HARICBIF DHALEREY FRBUEWZH SR ITIEAH 5,
DX S B ROBREEZBEEH L NS,

B XT7—kAVE

TDIvyvaryTiR, £7, BREZNET DALY ORI EBREROER k25 Z0
BT, Ay~ L, HOPKA» GHERS NI A 240, BRIBILY NOx DL 2 e
$E5FIHZE A, Zhaeddrd .

B FEEREMWD

F171: 50 %

V EBOFRA U (1t Tw-1,2)

1) HOPRIAPHEDINTH I R R T25 RUNE S,

2) 100 mL OYFAY =V ik E T 57200, EOREELEDINTHELIZHRWEAI D,
3) MEMZEEDINUER LD RWEA D

4) WRYERERIEIZIE, FROREFIALES RWEASD,

avETFYY—a—Fk:
1. BlEM A/ R—2aV RFL 2. BEME-aSa = —2av XF L
3 ATATIERITIU— 4. BEHMIATIL
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V. RIHIATRE AR SR aR B - A

ARV R, VT F, E—=HF— (100 mL), =477 A2 (200 mL), a—F, E=AFa—7, I
Lk, Ry PRIV, Faxy b, i, Sy N7V —§, ki, ety (RENE), < vF
b2 % GREWE), ATV LVRBETa—7, {3 (AV7 7=V, Y VBl F7F s

Ly OT I UEIR)

V. TFUFES (Tw,P1-1,2) — ERd&HRA ¥ MTHIE (/=7 ickoTRz3)

D IAFa—T7ORIDkica— bRV MNT, b5 HEXy PR M ORETHELIAL, a—F
ZHERITED, HiRHT R 2Ry MR PIZED AR, NEOER LRI R 2RERESE S,

2) ANT 7 IVig, ) VBEE, T7FATFLUOT I VIEEENOCT, Ay~ VildiERAT
%,

3) REDORRDEMBT MY T ABKEZREL, ZRZTIELY <z AN, 10 FERGE T
5, LBz TRIET 5,

4) BMHBRZHWT, Ll iicd s (Fit) 23BN, eFE LTEMRT 5.

E172(Tw): 205

TR BRIV <V il ET 5.

D #ik 50 mL Z =477 ZIITANTHEL, #90 CETHD D,
2) ANTZF=NEE05 g MR, BRIEHIED,

3) WRHEER 30 ClzilE T,

4) V) VBRI 3mL ZIMA 5.

5) TIFAZFLUOTIVbmgeMibd.

6) MikZEMZ, &K% 100 mLIZT 5, (BARTHS LU THRE)

E473(Tw): 205

BBz ER T 5.

1) HERSEET R Y T AZHIWT, 0, 10, 40, 70, 100 ppm DI OFEHEYSHE % E—H —ITHET 5,
2) 52DFary hERZIZ, PV~ /l# TmL ZANS,

3) 5DODFay FENTNIT, RRDIREOEHERIK 1 mL ZANn5.

4) FEAHBETTDHET 10 DFERD.

5) RN T LEEEEHAE VAN, WREZRHIET S,

6) WL HE (ppm) OBRE ST 7 (Mibik) 1235,

TOTAET1a—k:
It = 1FRI=E Co= A3a=k—3>
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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[EE&WPESSN—\'CEH# J {W%S%ﬂlﬂlﬂ‘égﬂbﬁ J

FRUEVRIDURIE & ORE DBIR (BRtiR)

V EBRFNEDORLT (R & SRBILWIREDOWRIE) (Tw-2,4) (FA—Fck->THE5)
1) HYYHEOHRT ARy bR MIZERIT 5,

¢
B
18
b
ﬂ
()
]
B
B

2) Xy bR ML Y < 8% 20 mL A, K <H#ED.

3) YAV ilHELHRHT ADKIEAE T THET, 10 HHRIERFD,

4) 77U (0ppm) DA->TeFary helfatrHicAh, Ealkd s,
5 EXy FEMENRY bR MHNOBIKEEDOF 2y MIBT,

6) WKHDA->TeFaxy bzlfat HiZAND,

7 WYz NT, WEOWREZIET S,

8) MEHR A W THERBILYIEE 25 AR5,

9 kT, T4 —BLHOPLRH R ZHET 5,

[ Tl - S5 J [F—l‘«')‘ﬁ&%)ﬂf}@*%ﬁﬁﬁ)ﬂ’rﬁliJ

avETFYY—a—Fk:
1. BlEM A/ R—2aV RFL 2. BEME-aSa = —2av XF L
3 ATATIERITIU— 4. BEHMIATIL
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MBRIEEHIRFAIA 7 —aV FHOEALER

B XT—hAVE

HATE, SR LOBERHO RS, AR OBIAHIRS T &7, AL T 5H
(67 5, BALIEAEBE R TR LT < BHIA5 5. BIEIEIAZEAhO AT, B R
PEEAE BRI E 2o TWB 2 L R T EROTINEE X, ThEETT S,

B FEERR
E=17 11t Tw-3): 105

HEPES T b HHE S Wb SR, TR AEREZ®RZ HARITPL > T 3362551,
TDE S RIGREWED, EERANED L S BB ERIFTHEMY, HADLEZREHHFEZOVTER
TH5.

http://cgid.nhk.or.jp/eco-channel/jp/movie/play.cgi?movie=j kankyo 20011103 1794 [MV¥ERN fRIA4 LR~

D% - NHK]

27200 : 104
LS RIIMAEOH KITHEIT S &, WL ERBIZRSZ EEHHT S,

2NO2 + H:0 — HNOs + HNO:

E1T3: 50

V FBROKRA Vb (It,Tw-1,2)

1) ZHEBILIEEDIHNIAESTTDBVE A,

2) FAETBEERILYELEDIHNTHINL , KITHEPUAAED RS0,
3) KOPH ZALZEDIHNTRHEL 125 ETE S 5%

VR RTRE R R H - Al
X&‘/ Fs 75\/739 ﬁ'ﬁg%ﬁzﬁﬁﬁt%%a E"‘j]— (300 mL)a 75135 *ﬁ#{‘:%s X&"?"‘a %E
i, TV UT, 8@, ¥ (RMRE), < LvFkEes Y (pHlE), pH 7u—7

V. UFUFER (Tw,Pl-1,2) — ERd&HRA ¥ MRS (Zr—FiekoTRES)

D IR & O RIED 6, BHRMILYZABRENTRES &5,

2) TUTTEMNT, BEBIMEE AT ZAEW AL, ZhEKIzED Likis,

3) pHEVH%ET7TRAINIITHE LIAL T & T, HHRBILMZ %V ALIZ OIS 5 pH 2B T 5.

TOTAET4a—F:
It = 1FRI=E Co= A3a=k—3>
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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VvV FEBRFIEDOFELT OkD pH ZILDOWE) (Tw-2,4) (FA—Fizk>THAS)
D Fa—7%24LT, TLARIZEARERD 1) 5.
2) IRiEEERRIEICAN, S bIPROFENEAND LFIFCILRET B,
3) RIBITE > THELU D EHMRILYZ B VBT 5.
(BLE1~3 DFEREET7 72U T —ZIZ X > THi)
) TFRATHAREAND,
5 7FAATHPTEAN, BkEHERES.
6) 77 7EMNT pH 7u—7 %W 1} 5.
7 pH 7 —&ORIEZBIGT 5.
8) HHDEKEKITEY AL, pHBKE S BILLARNT & 2HRT 5,
9 BRRLUIEEmInE, VY ORMNT 7S 2IPITED AL,
10) pH OZLZ@E LD, WEEKTT 5.

(BHIL, SERBILMEARE» D77 XITEERVRAAELEZRT)

[Eﬁﬁ>%sx—<CM#J{W%SMmEW#]

%
B
13
B
ﬂ
()
]
=
B
F

[mmwgw ][ﬂ%%%@%ﬁﬁH%ﬁ]

HEHRBAME 7 7 2 ANDRKITIED AATE L ED pH DAL

FRIZE > TH LN pH L 6. BRBIEWIIKD pH IZED X S RPEEZHEZTNDHEVAD
WEEZD, £, SRIORIRZBRIENLIBRIES ORAEITHE T TH S,

— FEOFEDH —

HEH, T8, LAk, g R, 2V =70 —8Bn, #iEg, BILWE, RIL¥EXEY 7,
BRPERE, Y <l OB, RE, REREDOEE LIEENZHWT, fdohlkll, BASHE
bl e, ZLTHWWEZZ2ELHD,

[EhzhoIy T a VTHILIEAT 4 THHRIZEEREOHIA? 5, ikl THhan]

avETFYY—a—Fk:
1. BlEM A/ R—2aV RFL 2. BEME-aSa = —2av XF L
3 ATATIERITIU— 4. BEHMIATIL
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7.4 HBAEARBIRILI—OEMEEFOFA

B &Y SEH
B, fh&, B, B

B FE-ERAR

D EEHER M2 BRI OV TRILZ R, 2 RERZEUNTIE, ZIRU TSI, 240
ZBHRL, ZOMRDIZDDEERLL N ONTEHET 5. (b

2) AvA—2y b, BHESHGMEREDAT A Trb, WEBIRILX—LZOMWE, ¥ LIRS
ZOWTHARY, NEZHIET D, G, #%)

3) TXNF—HHOBEELEZOFMHAEE ELIZ, HEVRETZRINEF—Z2E8D IRV —HBE%E
ZHERET B BBEMEHITOVWTERAED . (%)

4) Fife et 220 TDIE, TNETRAE RN X —EHRIZHIT 2EM 236 L, MHL X
S LT HMERLITMNIT D, R

5) R r[RERALRDOREED DG Z I L, BREICHUE LMV ER 2R DD EZ 2 DD,
(H%)

6) MARBERTRINF—OGOMHMA L, TNENOEF, BHiEMY, AARERED AROERIZ
L2 2Bz OoNTEZD, ()

T HLLKRDONTVEIZINF—HROFRME, TORKNRHEEZD, o)

8) A HlEE & EF I DA T h D BIEDORE ZTV, BIEORKRIMEZ . on

9) HIELEROBMRZ LI, o

B Ly d
AL BREL, NA FBREL, 8%, h—Rrv=a—bF 0, K&, BE, B, EEMERS

B XT—kAk

WIS D Z LB 0o TS, AMMRAHREDILARED bR RN F—ITRAE L Ttt2h
B, EWFRRIZHE - THiYS§ 5 2 2BV R NF =2 § D2~ DOBITIZHLAFE LN TS,
DX SR EMRET RN F— DRz AL, M TOMDO TR F—JHL OIERZEZ D,

TOTAET1a—k:
It = 1FRI=E Co= A3a=k—3>
Sw= SUTNI—Y Tw= F—LT—Y
PI= F5v=uy
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B FEERRMWbD
ET1(Tw-23): 15%

PR T R =213, [T RLEF—HEL TABINCRIT T 22D TEREADONBHD JEL THEHT
RSN, KGH, W), K1, sk, KEGE, ZOMho ARFUTHEIET BN T ZABZEFOND, AT+
Tz, AR —PoR7CBHOHEBUEIZOWT, 1) REERLRVDOD, 2) BhHEEICE
STDRAYYRET AV, 3) BHAEPToTOBHERFITON T AL IS R A—RIZidifkL , 7V —7 TR
Raxldd,

http//www.nhk.or.jp/eco-channel/jp/energy [T FILF—IZDONTH %5 - NHK]

http://www.nhk.or.jp/eco-channel/jp/energy/house.html [H7Z7H5E59 BAEFMHET FRILF— - NHK]

=47 2(Tw-2,3): 154

BHHRRE, TRV X =B TORT Y AHBEL, HIBREDORIBIZEI TR ET2HENH S,
A & AT I, ZRENOMIRO T XX — 0k, 4%ROEH I, ROFK—LAX
—UhbHHARMY, SA—THTHBEZE LD S,

http://www.pref.aomori.lg.jp/sangyo/energy/strategy.html [ R L ¥ —pE 2EIRELEK 0 — R~ 7 — FHAR]

— Iyav2 —

B XT—kAk

FUETITERMBME N RTINS Z & T, BWIHES ERTDE 0o ZRERH D LD
D, —HT, "MABBROEREHI—Rr=a—bTresnd e, bRz, JRT R
HOAEWEB VRN NS TEAT Y b DD,

ZOESBAAAMEDAY v FEFRAY v b ERFUTIE R 5, V< OBORPIIS 5731 7 (F
(—BN) BREERT BTIREE L, ZNEETT 5.

avETFYY—a—Fk:
1. BlEM A/ R—2aV RFL 2. BEME-aSa = —2av XF L
3 ATATIERITIU— 4. BEHMIATIL
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B ZFEEEREMWbGD
RT130tTw-2): 159

B FPo RN A F RN, IEEIRBEL 2D, T ZALAEALL TR %, MhBRIEIRAL 3R, B
DR, BB ORYEL, HISBEOUE LN STZ 1A RV L THEITOND, AT AT %2l ZDBLR
Z2BIIL, 1) N RENTHEDN DR ORHS, 2) Hillitt X ~DAYYE, 3) TAYYID3 iz I—RITi L,
TN—T TRERZELDD.
http//cgid.nhk.or.jp/eco-channel/ip/movie/play.cgi?movie=j_shutonet 20120704 1960 [¥EH DH A Ak O %

tw 77 -NHK]

£472: 50

V FBROKRA U (I, Tw-1,2)

1D A& = VKSR ZRPIMITRAET BB, MM Z R CITME L7 b RWEA S .

2) AT 4 —BMREL TV L EBEDLITHEELTE D RWES S h,

3) NAFT 4 —BNVBH LRI EEATEKRKEEDL I ITHEELELRWEA S5,

4) TEHEETERY R R o ke RS ®DITE, "M 3T 4 —BABEZM Clom#Ed IRy
5 9%

VR R H - G

ARV R, 757, E=H— (100 mL), =7 F A2 (300 mL), @ —k, X 2TV 4 (100 mL),
EXRy b, 3, &y FRE—F, vV FLFER Y GREHE), ATV LVRRE S v—7, fYi,
g (X&) —=VKESW, KEIET P YT L)

V. TFUFES (Tw,P1-1,2) — ERd&HRA ¥ MRS (Zr—FiekoTRE3)

D WATEAZ ) —ABERLRNE S, AZ /=LA 65 CLY AL TFRARIE, hiihz
T %,

2) ZONEETIE, RERZV LY VB FEIZARSED, EXy FTRE2ZRN EFTRY L,

3) TONMETIX, FEARKSFRIZARSED, EXy M TFEERD EFTRYERL.

4) EELENRI oK, N FT 4 —BVBREE 100 ClTmET5Z LT, kEXESE5S,

TOTAET4a—F:
It = 1FRI=E Co= A3a=k—3>
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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V EBRFIEOEST (N FT 4 —BVBRBDER) (Tw-2,4) (FA—F itk oTHRES)
1D P 120 mL 28 Y, =477 23lZAhS,

2) b—Z—DAA v FEAN, 656 COHL FETIHAT S,

3) MEAL TV S KM ERAZ —F7 —ThrERES,

4) A& —=NKEHK 30 mL 20, MIDA-77F ZanhizAnd,

5) WAWIlE AL ) —NKEEA L RS, RIEBHETTEET 10 i LR,

6) Kinhkboktbb—A—%I1kd), 77 A% 10 FiEEHET .

[EE&WPESSN—\'CEH# J {W%S%ﬂlﬂlﬂ‘égﬂbﬁ J

7 b (NAFT 4 —BkED) 2T (ZVkRYY) RoaEEL, BOT7FR2AIBT.

8) NAFT 4 —BNRE L HEDOEIKZMZT, I<HhEEES,

9) b (NMAT4—BMRED & TE (MmE&EATZK) PoaEiL, E—F—IitAnd,
10) N AT 4 —BARBEZ ML TRy Z2AFESES.

1) NAFT 4 —BARRE RO Th 1 M) Tew] Z2Hd 5.

¢
B
18
b
ﬂ
()
]
B
B

[ Tl - S5 J [‘v‘—l‘«')‘ﬁ&%)ﬂf}@*%ﬁﬁﬁﬁ’rﬁli}

— 2wi3r 3 —

B XT—kAVE

TDIvaryTiE, HETEIRLE—0 128 LTHABREADDH D KEHIEBIT OV TRD
W, KERFEEIIHNNON D KGEML, TORERBIZE > TP RE S ELHEND. KL
DOHINEEORE (AR, WE, MEOPE) 2HN5EROFIEZEZ, ThEETT 5,

B FEERRMWbD
FT 10 Tw-2): 15 %

KEGHIEBIHNOND KGR, DT RNF—2 HHERIRL , ZOT RN —2[EF 2 MU ]
LLTHNTEH S . ATUT 20, KGRIEEDIEEN Rz LT DDA A% 3 SRR —NTEKL, 7
N—TTHH#RZELDD,

aVEFYY—a—k:
1. BlEH A/ R—23v %)L 2. Bt - OS2 = —2avXF)L
3 ATATIERITIU— 4. BEHMIATIL
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http://cgi4.nhk.or.jp/eco-channel/jp/movie/play.cgi?movie=j_ohayou 20120327_1831 [hni# 3 3 KI5 T B %

FBORA Vb (It,Tw-1,2)
D KBEIhOm HEIEZ, BEE F2HOTEDIINTHIEL 6 RVES 5%,
2) KEEEMOME L M BIEOBFRERNDZ O, AEEZEDOLIITHTILELRWES S P,
3) KOME & KB N BEOMBRERRB DI, WEE ED L 5 ITHEI LS RWES S b,
4) KBpEhomit L D BIEOBRZRRDZDIZ, EPLBEIERHELEDOX S ITHEI LEZORWE
35 %

V  FIHRTRE R FlRds B
ARVE, 707, K&, U— R, HEGEL, SR, &, 0b, 8L, K, k&AL
LOEL, wAFHEREUY (HE, SElle), 8FE u—7

V. UFUFER (Tw,Pl-1,2) — ERd&HRA ¥ MRS (Zr—FickoTRES)

1 KIGEbIC A m T2 e L 2 E 5. AREBIOmSIZEE 2 200 M), EEZHET
%,

2) NIRZEEL, KBEBEBMWOAEZI TV TEHWTRE L s, MhBELEZHET 5. AEIXD
b PIRIZE D NIz O THET 5.

3) FBTHHEE 18, 2 B EEVEEL TV 22T, KBEROmDBEOELEZNET 5.

4) KBFEMZ AT 2 BOE, JFHEE R L CRIET 252 ITEVELTW 2 & T, HAEER
ED LSBT BhEMET .

V. EBRFIEOEST KPRt fE L M NEEOBR) (Tw-2,4) (F/r—TFick->TRES)

1D KEG&EM 1 RZHEL, 242 RIZR) 5,

2) KRBT EA (90 ) I2M47=5 K5 IhFEEEY T 5,

3) KByt Aamihizm L, EEE 4210 i

4) EOXOSREE-MET T TIHRONDIPTRT S,

5) BHT—XOHIEZHIRT 5.

6) WD AL v F=AtL, BEPLZELTH L, HIEMELET 5.

7 KEBEMOMEZ 7 7 TS ESZ & THEIL, HONEMZRET S (80 E, 70 J, 60
Jige e LALEE D).

TOTAET4a—F:
It = 1FRI=E Co= A3a=k—3>
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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8)

9)

BIELAKOBRZRTRBBONLDS, WEEETT D,
BIELAEOBRE 7T 7L 5.

HORE R e

Kb 44 & ) FBIEDBIR

1
2)
3)
4)
5)
6)
7
8)
9)

10)

FRTFIEDOFAT (HE L KBGEMOHIBHEOBR) (Tw-2,4) (Fr—TFick>THRERS)
K& 1 fz2HZEL, AZY RIZIRY HH) 5.

KBz AR 2 e L, BIEE 20 (T 5,

KBS &t oz, RBEMITS D & 5 ITkEEEY M5,
EDOXSBRBIE-BET T 78560505,
FITHNEZE 1 e S, 2 vy FRAND,

BIELBET —2DOUEZFRHBT 5.

BIE L REOMALE L TH S, WEfELRET 5.

MW 28, M- LIIRL, ThENEE L EZRT D,
BIELREORBREZRTEPGONTL S, WEZKTT 5,
BIELREOHIEE YT 71LT 5.

R —

sise
His
w i

1an — —_—

18 P —

144 L

142 r

101 f

1w 4

136 ¢

1M

1md ]

x|

1mdd

0 200 400 K00 B0 1000 1200 1400 1600 1800 2000 200 240C

= o

W & R it o HY ) I E DB

avETFYY—a—Fk:

1. BlEM A/ R—23VRF )L
3 ATATIERITIU—

2. HEtE-0Sa =y —2av XFL
4. BEHMIATIL
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V. ERTFMOEST CREEtomk& HEEDBR) (Tw-2,4) (Fr—TFizkoTlES)
D KBk 2 Kz HEL, B U TRED NizE<.

2) KEpRibicAMBHiEER L, BEE Y ERY 135,

3 RFEDAA v FEAND,

4) BET—ZOWEEBT 5.

5) EEPLELTH D, WEMERRT S, (BAOBEEEDMW S Zilkk)

6) JEMCEM, KBFEMO 1 DOBLEE, Eolb L OBIEELRT S,

7 KEFEMhD 2 DOBALZE, Kok VOBIEELET 5. (TOHEEEREDIKT)

8) WHELEADH (HiF) OBIRERTRPMAONED, WEEKT TS,

9) EIELELOR (R OBRES T 71LT 5.

iR — H

KBEDEL 0% (HED &HIEEDBIR

WERIRZ I, ROREZEZTHD,

o KBB4 IR L TKFEIZR D IO, HFHEZED X S IZELEES S B,
© WER TR IZON. KRB NFHEZED X S ITELLEES 5 .

© KBMOmEH»/NE <RIz on. HFEZED K S IZELLEES S5 2.

— FEOFEED —

TRVX—HW, Wiie, Feivmtts, ALAae, BT RV F—, NA FRREL Biiikg, K
FlesEss, MOREEOEE LEFMZHWT, fohicl e, BxsEonkl s, £LTHW
leizx s,

[Ehzho Iy a Y THEHLIEAT 4 TEGIZEFROBEHA S, 8L Tuisn]

TOTAET1a—k:
It = 1FRI=E Co= A3a=k—3>
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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75 EEVOFRELEHR, —BIERFRE

B &Y SEH
B, fh&, B, B

B FE-ERAR

D EEHER M2 SEEIZ OV TRILZ R, 2 RERZEUNTIE, ZRU TSN, 240
IZBHRL, ZOMRDIZDDEERLL T OWTEHET 5. (b

2) A=y b, BHEPHGEREDAT 4 76, HRANOOHM, R, FHERER, KE
TEBRFIZOVTae AR Y, NAZHURT D, G 85%)

3) il iRtk R OFBUTINT T, EMEREM ORI T RERENTOWTHRZIRD S, H%)

4) Fefe T RER AL R OREEDT=DEE 2 BLE L, BEUCRUE L W ERE R DB 2T LD S,
(H%)

5 HEOMEFITOWTHEL, WMO»POEDOEIRI %, KM, Wk, &BEBHENTTHRLS. o)

6) KAMDIMAZERET D, ()

7 HBRROODY HVEIRL, BABRRZRETS I LOEEEZARTS. o

8) HAABRBIDMRA & BHEHAROFIHDOLED HIZOWTRHAMITELR T 5, ()

B Ly
AN, #bmiE, B, Rk, RER, KRG ALABREL TR AERE, RENER

B RT—kAVbH

ZIALRFEOPEEHIRIT, HEHOBERREEDENZE > T, £ OHBA B LR MABKET
HBHEVWZD, AT ATEAML, WL O»DEDHEHEDEIHIZBED 2 FeEr7R IR Y HLACHITE 2
#HL, TheE%T 5.

B FEEREMWD
F=47 1 (1t Tw-23): 154

K& D ZIRAL B B, PESE AT LU L ALRET TOBIEBIAHIHN TS, ZDH #iZ1EY,
EDLIRBEBNT EH>THIFEA R EN, £ EIZEDLIRBVIM AZIEDEIEL TNDDh AT 5,

avETFYY—a—Fk:
1. BlEM A/ R—2aV RFL 2. BEME-aSa = —2av XF L
3 ATATIERITIU— 4. BEHMIATIL
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http://www.nhk.or.jp/eco-channel/jp/history/theme/04.htm] [F-—-<7 b2 SBREE - NHK]
http:/www.env.go.jp/earth/index.htm] [HiBRERE: - EEBREEH ) - BRBig]

http://www.data.kishou.go.jp/climate/index.htm] [HiERERES « %5 - %i%)7]

24T 2(I1t, Tw-2,3) : 15 %
TEMLIRBIZBD B E DR ARLHEAM ORI AL, BRI 2B E (AYy b, TAUYD)
BERT D,

http://www.nhk.or.jp/gendai/kiroku/detail 3365.html [ LR FZEBEHIZ BED N THAR, - NHK]

http://cgi4.nhk.or.jp/eco-channel/jp/movie/play.cgi?movie=j ohayou 20101208 0814 [CO:HiH BH | TR %

- NHK]

B RT—kAVH

FTRTOFRMIRZ TS Z LITK > TR L BEEZ BT 5 — T, WM -> T,
AW 2T ST & TRILEREZRINT DRENOHI . TORMEWINDNT U ZABREEND LT,
KREHDO AL HEIRE T D DFE —ETHB L TE . LA LAY S, ANDBINCHE S a0
D, ETRHTHRERE AL, ALORBOMEARBITHMOT=Z & T, Raho LR REEDS LA L
T&Ehk,

REh D ZIBILR BRI B2 525, WWITK D TBLREZORIEL, &% I EREHSMIIT
XoTEASNDG., TOIv T ar TR, KOMELZELIELI LT, WMBATZHALLERTO
TIALRRIRIEDEALZHE L, ED XS TR EWIRDNT 2V APRIEND D2~ DIz % %,
ENBIATT Do

B ZERRMWB)

ET1: 50%

V FBROKRA U (It,Tw-1,2)

D) FRTREDX S BN EMH LIS RWES S h.

2) KOWEEED X S ITHMILEDSRWES S 2,

3) KiMZE ANDEBEND BILIRFREZ LD XS ITHELELRWES 5 B,

FOTAET4a—F:

It = HRInE Co= a3a=4—Y3av
Sw= IUTINT—Y Tw= F—LT—Y
PI= J5v=y
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http://www.nhk.or.jp/gendai/kiroku/detail_3365.html
http://cgi4.nhk.or.jp/eco-channel/jp/movie/play.cgi?movie=j_ohayou_20101208_0814
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v

P T RE 7 Fei e B

R Y (RENE), —bkEts

vV YFUFESR (TwPl-1,2) — ERSRA ¥ MOHIE (Fr—71ck > Ti%3)

D FEBRTIE, SRTEHNT—HuA b6 E2RHT 5D, TEIETEDMBAIEVRYZ W5,

2) WE, SR OERIZX > GRS 5. BRREIEE, TLIFRA NV TERZALILET, K
D7 bIVIRIER BT 5.

3) WD A > TORWES LIS LR EE V&% LA, ZOIREZ 400 ppm & LIKIET 5,
ZO%MIE AN, TNENOREZ LT, “BILRFEREOEILZHET S,

V EBRFIEOEST WHORXAERFEDOWE) (Tw-2,4) (Fr—F ek ->TRED)

1) BRBICHYE AND,

2) LR VY R ERICY M 5.

3) WMDY ETNVLIFANTES,

4) REELERTTT 72 TRT S,

5) LBHEE LV ORERT S,

6) WET—2ONEEHBT 5.

7 HMRRERE L ESEIER AV EML, TAIKRANENT,

8) V7 7DMEENRD, RBMNOREDEE (CO:2 ppm/sec) & L Tiddkd 5.

9) WEZEEZ, FROEEEZEEDIRT,

10) HERERZHNT, KAREHEZTHT 5.

1) ZNZhOPEBRBRIZBIF 3 MEZWET 5,

12) SEARGHE-WE S S 7 2% L, itz ko 5.

RHRHNORIMITNE 1 TR0 CO: I DZEAL

avETFYY—a—Fk:

1. Bl&ME- 1 /R—2av RF )L 2. Bt - OS2 = —2avXF)L
3 ATATIERITIU— 4. BEHIFIL
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HBREEHOIRFIIA =y —LaV FHOEALRMR

KAEBDLERIERIFIRD X S ITRT T LA TED, FRTHONIERERHEZTNT, 1 T
AT > TERS NS TN a—RL@EDOR (g) ZrlfIZL>TRD S, (FHEhRIZ 100 % &
%)

6CO: + 12H:0 — Ce¢Hi206 + 602 + 6H20
AR VS T a—=z [E K

— FEOFEED —

PESE Ay, ALAEREL RN ORI, TRALR KRR, Wk, AR, A, ABEE,
KBS FEDFE LB ZHNT, fohlkl e, ZAsEbnkl e, 2L TRV WEZ LZ2E
DB,

[EhzhoIy T a Y THILIEAT 4 THHRIZEEREOHIA? 5, ikl Than]

BEETIT, FRFPIEORBEEITIZE-LDOBF LRV U8R RO b D53,
AFEETIEKRD 3 Y OHEHBZEL->T, ZOLRVZEDESZ LS TRTHILH
TE 5, WROTZODIFRITRIBPENGEITIE, WHHEZEETLIILLELILN
% (k&N 2013 FEEHHERE, ZEMITE LTHE1IBELTOWELOD, RO
BfRA 6 Hk 2 ZHWEZ),

HiE 1
K SEE D, HHTIHE, MAT, FIESE, LEASPLETOHERLEEIN—T
NOHEEEEBUMEL, ThERTT 5,

w7 |
we R ER £ N8 tEMi

S
Wl
@ ; ’:Fﬁf';? i
=7 St

D EoL? CEBRBEFL €, o
VA e ABER %0 ~ATib-k
) per R EerEReN2om Uﬁf—*"
@ St o Eelf2 ot R 2 4593
© e of 2ee T BRIRATE
@ b fgRater #571272 (REE e 9)
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HiEk 2
AT AMEEZOMANTTIEH LI LHRLTEE, FHEZERICESNLEL—RE
fiddi, LU IXEHRRICEETSZET, TNE I/ N—FNTHEREZ, EITIZBT,

%
B
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I!
4 BwmnG (e | 7 [
|
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g 7 ) ‘
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Bk 3
Jitk 2 [k, AT AEAEEZFOMANTIEDHHIPUHART, IELVFIEDONL DD
HHZZRIZLTRE, E0XBRMEEEZTIAIRVPEIV—TNTEZ, ThERT
35,
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Abstract

In this paper, we introduce the following possible approaches: First, we examine
cross-discipline pedagogy among school subjects such as science, technology, mathematics and social
studies, each of which is mostly taught as a separate discipline. Second, creative and innovative
pedagogy is being devised that leads students to effective knowledge-creation, and appreciation of the
role of science in the social context of the 21st century. Finally, the above two approaches are
combined together in order to elicit people’s awareness of the importance of education for students
who will join future workforces and must be able to exhibit high productivity.

The role of education and especially that of science has been a major contributor to economic
growth. Once this growth has stabilised or in some cases even experienced a downturn, education
naturally is subjected to a ‘change’ in course. Cross-discipline approaches, such as STEM (science,
technology, engineering and mathematics) for instance, have been attracting not only educators but
also people in industry who appreciate strong links among research, development, and manufacturing
and ‘creative and innovative education’ so that investment in education will truly be beneficial to
society as a whole.

We argue that in the context of Japanese science education the subject is taught independently.
And the curriculum is highly weighted toward ‘natural science’ despite the fact that science is largely
associated with technology, mathematics and society, above all, with important global challenges in
the 21st century consisting of climate change, food security, drought, energy provision, transboundary
pollution and so forth. We have set these challenges as ‘big ideas’ in our proposal to let students have
a sense of being responsible players tackling the challenges by utilising knowledge-creation.

Since 2012, a number of workshops have been held to examine this method. We present some
results that have been thus far obtained, which display a correlation between the increase in student
awareness and interest, and their understanding.

Keywords: 21st Century Challenges, Cross-discipline pedagogy, Knowledge-creation, Productivity,
Science communication

1. Introduction

It is reasonable to state that virtually all the activities of human beings are accompanied more or
less by values. This becomes prominent when productive sectors are the focal point. The continuous
pursuance of added-value and benefit, not only to the sectors themselves but also to the society they belong
to, is vital. Directly speaking, or perhaps from a productive point of view, school is a place where
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youngsters are educated in a systematic manner for them to be ‘science-literate and innovative
workforce-ready’ individuals who can contribute to the socioeconomic growth of society. When this works
as planned the huge sum of public investment in education could be considered truly justifiable. This ideal
linkage between education and the economy will appear to be more and more apparent and attractive to all
the stakeholders in a country where the economy is in need of revitalisation in the course of global
competition and aiming to increase people’s productivity.

We live in a society where resources are scarce and the working population is dwindling and
where, accordingly, productivity always entails argument. School can play an important role in producing
and stimulating a situation where students can train in important competencies to bring about higher value
in the future. Among many disciplines, science is a subject that involves embedding experiment in the
structural flow of curriculum, which is, in the vast majority of cases, handled only by science teachers.
These instructors introduce scientific approaches that include assumption, observation and reasoning skills.
At the same time, science can also be a subject where students are enabled to have a great amount of
ownership, and hence learning actively and creating a certain amount of value in the process of making
uncertainty and complexity clear enough to be accepted, through tackling challenges associated with the
social context is achieved

We first describe a detail within a problem area referring to national and international statistics on
labour capital, productivity, educational expenditure and the quality of science and mathematics education
where a deviation from needs of productive sectors is found to be evident. This leads to designing a
comprehensive learning process with 21st Century Challenges, using a facilitation method and introducing
a cross-discipline approach. This interconnects science with other discrete subject matters that have been
taught separately in the past. The challenges provide us with a medium where teachers of different subjects
can be fostered to collaborate and achieve greater attainment, especially in their Integral Studies
(Sougou-teki Gakushu) classes. And the devised process does not leave learners the basic stage of solely
acquiring ideas and skills but also attempts to elevate them to progressive stages from utilisation of the
ideas gained for creation of new and innovative ideas.

The learning process begins by giving students one assignment that consists of a statement of
challenge, along with related topics (as to produce a knowledge web) and what is to be tackled within
his/her group. Relevant media coverage and its structural analysis are also used subsequently to promote
student understanding of the topics. A greater amount time is spent on the knowledge-creation stage, where
students are encouraged to produce their own procedure or scenario through discussion and collaboration
with peers. Students are encouraged to gain and utilise a set of competencies that includes: Creativeness,
Innovativeness, Collaboration, Communication, Information & Media literacy and Scientific approaches.
Five examples of assignments are presented in this paper in order to provide a better portrait of the lessons
carried out in a series of workshops. Student self-assessments post-lesson indicates that over three quarters
of the students who participated were able to understand the lesson, and their interest was further fostered
by conceiving of the importance of science in our society.

2. Problem Area

The industry-based economy of advanced countries has been struggling over the past decade due
both to fierce competition with newly-industrialised countries and to the aging and decreasing working
population. Japan is the first country the world has ever seen facing a situation where almost a quarter of
the population is over 65, the so-called super-aging society. This fact is a key to understanding why
education and knowledge among the younger generation are essential to sustain a future living standard of
citizens in a society with fewer numbers in the workforce in productive sectors, particularly the
manufacturing sector. The situation in Japan is shown in Fig.1 [Statistic Bureau, 2013].
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Productivity is the word used to express o 20
how effectively one can utilise knowledge gained to % 15 millions
create added value to products as well as to ‘% 15 '
processes, in order to bring about innovative & ’g \
solutions to firms, organisations and societies, & = 10 / qlo..m'”'ons
where people strive for wealth, profit and better § 5 / """""
lives. This is the very core of our human activity. g g

OECD provides a comprehensive analysis :S: >
of the productivity of each member country [OECD, §
2013]. From the results, one can observe that Japan = 01950 1970 1990 2010 2030
is in a position far behind other advanced member year
countries despite the fact that it has the third largest Fig. 1 — Variation of number of workers in the manufacturing
GDP output in the world after the United States and sector in Japan [Statistic Bureau, 2013]

China. Productivity needs to be continuously improved in a country where population growth that boosts
output cannot be expected anymore in the course of a steady and natural decline. People are therefore
required to generate more added value output per head so that at least the present competitiveness, in terms
of GDP and the living standard, is going to be sustained. As Fig. 2 indicates, at almost the same amount of
public expenditure, $9,000-10,000 per student highlighted in red, Germany, Finland and Canada have been
achieving higher productivity than that of Japan, assuming that there is a certain correlation between the
productivity of the workforce and the education expenditure.

From an industrial perspective, the World Economic Forum provides compelling statistics
regarding the quality of science and mathematics education based on assessment by industry management.
The result for Japan is not encouraging, 4.7 out of 7, demonstrating a mismatch between what the industry
sector wants and the ability the present
graduates possess. As an example, % RZ=0.635

Singapore with 6.3 / 7, Finland with 6.2 / 80 * Norway :
/%mbourg

7 and Belgium with 6.2 / 7 are the top

three out of 144 participating countries 7 -IrelaV
60 - britted-States

* Germany B

[World Economic Forum, 2012].
We would like to endeavour to
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sectors such as agriculture, information Fig. 2 — Correlation between productivity of the workforces and public
& communication and services. where expenditure per students ([OECD, 2013] and [OECD, 2012]

. - . , — recreated by authors
apparently ‘science-literate workers’ could Y )

become vital human capital.

3. Design Concept

Being overwhelmed by a rich amount of information through media and social-networking through
ICT, today’s students are thought to be more sensitive and even more aware of themselves as influential
members of the global society. We set out to design 21st Century Challenges for students to actively
engage themselves in the learning process. They are expected to take a great deal of control over what and
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how they will tackle associated with the challenges
presented.
Learning science independently as a single

21st Century Challenges

AN

Climate change

" Food provision Cross-disciplines
discipline cannot be an efficient and effective way for v Water provision P
modern students to become fully competitive in ¥ Draught/ Irrigation Science
dealing with challenges involving dialogues among Acid rain Technology
. . v" Photochemical smog .
stakeholders with different backgrounds endorsed by , Mathematics
. . ] Renewable energy . .
their own social context. This may be partly because v Deforestation Social studies
in real life, doing science is boldly interrelated with v Waste management Home economics
many other fields of studies, such as technology, ¥ Biological conservation
. . . . . v’ Population growth i .
environment, energies, agriculture, politics, humanity, _ Science-literate and
. . i . v Information technology . tive workforce
laws and social studies, all of which are essential innova
parameters for our societies. 21st Century Fig. 3 — 21st Century Challenges covered by

Challenges serve to provide students with a big idea 5 subiects of cross-discipline

and a clear indication of strong connectivity between what they study in school and the social matters from
local and global perspectives. We propose a cross-discipline pedagogy which enables students to
comprehend the links and utilise their own ideas through

stages Il and 111 that lead to innovative solutions, as described Schools
in Fig.4. | Stage | :

From an industrial point of view; ‘innovation is the Ideas /skill  nowiedaeaeauisiton
process by which organisations and enterprises master and l Stage Il :
implement the design and production of goods and services Utilisation Knowiedge-decpening
that are new to them, irrespective of whether they are new to l Stage 11l :
their competitors, their country, or the world [Mytelka, 2000].’ Innovation Kaovledge creation
From an educational point of view, we redefine this as: l

‘innovation is the process by which students master the Socgfgmﬁmic
complex links among science and the related social contexts,

and implement a new design and a productive approach to
tackle the challenges they face.’

In addition, in the course of such educational innovation we provide students with ICT tools such
as digital sensors and interfaces in order to enhance their core ability, namely the observational skill that is
essential to demonstrate creativity. Sensing is a very Higher level of observation
fundamental property that human beings possess as an T skill with digital sensors
innate capability along with the five senses. With that, we,

consciously or unconsciously, measure phenomena and a .............
variations of nature, and thereafter execute decision making, i l \
preventing or minimising possible risks, and predicting

future events that are likely to happen. Students are
encouraged in their assigned work to make the most of their
sensing capabilities to obtain physical information from
nature. Technically, a digital sensor is defined as ‘a device
which detects or measures a physical property and provides

Fig. 4 — Progression of educational stages
and their roles
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important data enabling humans to read the state.” Humans Sensing capacity
have been inventing such devices in order to complement Fig. 5 — Conceptual sketch on expansion of student
and/or diversify innate capabilities, which have limitations, observation skill vs. sensing capability

especially over quantitative measurements, and to further (Top pic., courtesy of PASCO Scientific)
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living standard in terms of technological and industrial development and output. We thus define the digital
sensor in the educational context as ‘a device which can foster and expand student capabilities to acquire
and observe the conditions of nature that can be incorporated into a stream of problem-solving.” This can
be further endorsed by a developmental approach bringing contemporary scientific practice and
technological tools into the classroom where student inquiry skills and conceptual understanding are
promoted [Srisawasdi et al, 2008].

4. Procedure and Implementation
The structural flow of the learning process we propose is shown as follows. Throughout the process
one facilitator is given the responsibility to assist in student engagement in each phase, where they are to:

Phase 1) be provided with an assignment that includes local, global and social context with 21st
Century Challenges as stated in Fig.3

Phase 2) obtain understanding and consciousness over the challenges through media and the internet
Phase 3) investigate complexity and influence caused by the challenges to our society and communities
Phase 4) create and develop a scenario and a procedure for science experiments

Phase 5) implement the procedure in order to confirm whether it is complete, and obtain results

In order to drive and activate the process smoothly we student A 0
utilise a facilitation method (Fig.6), set up in an environment ]
that enhances participation and knowledge-creation among Student B
students. They are also encouraged to generate, exhibit,
propose and share their own ideas, and build a consensus
among people who have different backgrounds, personalities Student D
and thoughts. Through this method, each student is expected to Student C
be a responsible player in the group. It is important that all the
innovative and creative ideas generated within the group be
treated in a respectful manner.

Furthermore, competency is applied to the entire
learning process and more prioritised than the accuracy of the
numerical results gained in the experiment, which is less
important, as this does not provide us with insight into the
hidden capabilities of the students. Broadly speaking,
competency is considered as: ‘The ability, not only to acquire
knowledge and skills, but more importantly to understand the Fig. 6 — Facilitating discussion through
complexity and interaction among the contexts of society, visualisation of ideas that are combine
economy, industry, environment and science; and to utilise and to create own experiment
create knowledge to tackle challenges on top of these, that might affect the way our world, country and
region exist.” We have established the following set of four key elements that comprise competency.

Facilitator
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1) Creativeness and innovativeness
Creating new ideas that can support and contribute to his/her team to overcome and solve issues

2) Collaboration and communication
Accepting and sharing ideas with the diversity that his/her team has generated, and actively engaging
in discussion.

3) Information and media literacy
Perceiving the intention and meaning of information and data through media with critical and
multiple points of view

4) Scientific approaches
Drawing scenarios and implementing procedures that are based on the preliminary knowledge and
assumptions

From 2012 to the present, thanks to a funding from the Japan Science and Technology Agency and
the Mutsu-Ogawara Financial Group of Industrial Development, we have been conducting one-day
workshops, both for students and teachers, meant to implement this comprehensive approach and verify if
there are advantages and disadvantages that might be occurring in actual classroom settings. There are
numerous assignments that have been devised and tested in the workshops. Examples of assignment are
shown below; all are carefully designed and elaborated to elicit student interest.

Assignment for students (eg.1) — Sensing property: temperature

[Knowledge web]
IPCC, Kyoto protocol, Population migration, Atmospheric temperature, Purity of substance,
Change of state, Latent heat and Temperature of fusion

[Statement]

According to some research, due to the increase in
atmospheric and ocean temperature, ice shelf and sheets are
rapidly melting down into the ocean, and this is believed to be one
of the causes that result in the rise in sea level.

It is a fundamental property and the physical nature of any
substances that can melt at a certain temperature, called
Temperature of Fusion. Your group is assigned to figure out the
temperature of fusion of the substances that are provided to you as
follows: Ice, Stearic acid, Lauric acid and Palmitic acid. Fig. 7 — Measurement of latent heat of

Design the lab work for this assignment. Compare graphs fusion and melting point
depicting the heat of fusion that are obtained in the experiment with the theoretical graphs exhibited in
textbook. And explain how and why they are different.

Assignment for students (eg.2) — Sensing properties: pressure, humidity and temperature

[Knowledge web]
Draught, Food security, GM food, Water provision, Daily diet, Cloud formation, Atmospheric
pressure, Relative humidity and Precipitation
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[Statement]

In some regions, an irregularity in climate cycle causes a
sever draught and shortage in food supply to their population.
Furthermore, agricultural failure in such countries can lead to a
variation in diet patterns in our own country due to a heavy
dependence on imported foods.

It is scientifically evident that the amount of water vapour in
the atmosphere is responsible for creation of clouds and thus rain
fall. Your group is assigned to first, research the process of cloud

formation, and second, work out how the dry weather, irrigation Fig. 8 — Observation of pressure and
and deforestation can make the process turned into a possible temperature change in cloud formation
vicious cycle.

Design an experimental device using a 1L flask in which one can demonstrate cloud formation and
measure the change in internal pressure and temperature as the cloud forms. Explain how nuclei affect
the formation.

Assignment for students (eg.3) — Sensing properties: voltage and salinity

[Knowledge web]
Aral Sea, Salt damage, Agriculture, Irrigation, Underground water, Salinity, lonisation tendency
and Galvanic cell

[Statement]

Irrigation is a means to artificially divert natural water to
man-made streams in order to assist agriculture. Doing so
sometimes causes a decline in the amount of water in lakes,
reservoirs or underground and consequently leads to an increase
in salinity level. In the case of natural lakes, severe damage is
expected not only to the ecosystem of the creatures living there,
but also to the agriculture surrounding the lakes.

The salinity of the water can be estimated with a simple

galvanic cell using two different types of metal plates that exhibit Fig. 9 — Writing the procedure for

a unique ionisation tendency. Your group is assigned to create a ~ ©xPeriments that they have devised through

correlation graph between voltage and salinity so that anyone discussion

having the pair of metals and the graph can utilise them to estimate the salinity of unknown water.
Design a device that can output voltage in relation to a series of known salinity levels of water and

draw the correlation graph. Exhibit the most effective pair of metals that can generate maximum voltage.

Assignment for students (eg.4) — Sensing properties: pH and light absorbance
[Knowledge web]

Industrialisation, Fossil Fuel, Exhaust gas, Oxides (NOx and SOx), Acid rain, pH, Acidity and
Photochemical smog and Transboundary pollution
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[Statement]

Burning fossil fuel causes oxides such as Nitrate oxide and
Sulphate oxide, which are considered to be key elements causing
acid rain and photochemical smog. There is a set of environmental
controls and regulations imposed by the government that have
resulted in reduction in the amount of emission in recent years,|

However, some countries developing rapidly might be less
aware of such emission and tend to be behind in environmental
protection. This may cause a transboundary flow of oxides and
other pollutants by air to our country. Your group is assigned to Fig. 10 — Measurement of absorbance of
make a proposal for a solution, endorsed by evidence that you solution treated with a chemical regent
have obtained.

Design a procedure for measuring the acidity of rain and the concentration of Nitrate oxide in the
air. Note that due to the concentration of CO, (400pm), the usual atmosphere transforms rain to be
slightly acidic (pH 5.8). Study the chemical reaction of the oxides and water using the concept of the ion.
Explain how higher acidity and concentration of Nitrate oxide cause a threat to our lives and the
environment.

Assignment for students (eg.5) — Sensing properties: CO,, light intensity, humidity and temperature

[Knowledge web]
Deforestation, Plant growth, Respiration, Photosynthesis, Atmospheric temperature, Humidity,
Light intensity and Light saturation point,

[Statement]

All living creatures on the earth respire, exhaling higher
concentrations of CO;than they inhale. On the other hand, plants
have the additional ability to exhale O, through photosynthesis
while absorbing CO,. Balancing the amount of the released and
absorbed CO, creates an atmosphere where the concentration
remains almost constant.

In the course of industrial development and exploitation of
natural resources including fossil fuel, the amount of CO, being . \ G/ A
released becomes excessive so that it cannot be compensated for Fig. 11 — Discussion and decision making for
by nature’s current ability to absorb. Your group is assigned to  experiment set-up through visualisation of ideas
investigate factors that affect the ability of plants to photosynthesise.

Design a system that can adjust the intensity of light that is used for this measurement, and figure
out a rate of photosynthesis and the light saturation point. Explain how humidity, temperature and light
colour might also affect the rate of photosynthesis.

5. Findings & Analysis

Producing the value-added results through experiment was set to be foremost and students were
expected to not only acquire and apply the existing ideas but also create a procedure with new and
innovative solutions that were generated through group work using their set of competencies. We
conducted a pre-questionnaire that was meant to abstractly reveal the distribution of each competency on
the basis of their self-assessment (Table 1). From the results of the pre-questionnaire, it was observed that
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students thought that they were capable of utilising: ‘interconnection’ ‘communication’ and ‘prediction’
(#2, #9 and #10). On the other hand, they were less capable of employing: ‘knowledge-creation’
‘persuasion’ and ‘clarification through questioning’ (#1, #3 and #6).

Although this was only a self-assessment, not taking into account the students’ psychological and
linguistic consciousness, this at least disclosed that in school they have been provided with few occasions
where they could have taken ownership in generating ideas, voicing opinions and negotiating with others
(stakeholders) using logical and explicit explanation. By visualising their ideas on cards in a written format,
it was observed and confirmed that it fostered further discussion and participation. Furthermore, they
seemed to be more respectful of peer ideas and understand them better due to the written form. It was also
possible for them to articulate their thoughts and ideas better to one another through the cards.

Table 1 — Self-assessment on competency, conducted at the beginning of each workshops (N=91 students)

No | Self-assessment items Yes Don’t No
1. | am able to generate and create new ideas in the school laboratory. 41% |12% 47 %
2. Any small scale problem around us is interrelated to global scale problems. 93B% 1% 6 %
3. | am able to explain my own ideas to other people and make them understand. 30% |21% 49 %
4. | am able to communicate effectively with other people and exchange ideas. 62% |13% 25%
5. | am able to collaborate with other people to tackle challenges. 86% 3% 11%
6. | am able to ask questions to teachers to clarify ambiguities | have. 38% |19% 44 %
7. | am able to draw and construct my own ideas from the information obtained through media. 6% |3% 21 %
8. Information from the media sometimes involve privacy, moral and biasness other people have. 81% 4% 15 %
9. | am able to make an assumption or prediction about what sort of results | might obtain. 88% 4% 7%
10. Many types of experiments are necessary to promote the understanding of nature. 8% |2% 9%

Classification #1-2 : Creativity / #3-4 : Communication / #5-6 : Collaboration / #7-8 : Media literacy / #9-10 : Scientific approach

The facilitation method was introduced, as it was considered to work effectively in order to
address weaknesses. In the workshops, one facilitator (undergraduate student) was assigned to each lab
group where 3-5 junior high school or high school students were teamed up, and provided with the
assignment in the form of statement. In most cases, in the traditional classes students are given a lab
manual that clearly shows a step-by-step procedure of what they are supposed to do. Thus there is only a
little flexibility for them to bring in their own ideas, and all the groups are expected to achieve the same
result. The proposed learning concept we designed and implemented was confirmed to have created an
atmosphere where students were not just passive receptors of such pre-determined information, but active
generators of ideas that could construct and create their own procedures.

A post-questionnaire was completed by each student at the end of the workshops (Table 2 and 3).
This was meant to reveal student preference to the proposed process. This enabled us to know whether the
teaching and learning at the workshops was adequately understandable (8 %, ‘Strongly agree’ and 69 %,
‘Agree,’ totalling 77 % of students in favour), and topics and assignment treated were considered to have
fostered interest and learning (15 % ‘Strongly agree’ and 62 % ‘Agree,’ totalling 77 % of students in
favour). And perhaps more importantly, students were able to conceive the challenges in our local and
global society in conjunction with science and others related topics, as well as the role and responsibility of
science.

As stated in the preamble of the Japanese science curriculum, through lessons students should
build interest in nature and physical phenomena and conduct observation and experiment with a sense of
clear purpose that can raise their ability and attitude toward scientific investigation, including setting
assumptions [Ministry of Education, 2008]. Participating students responded that that they became more
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confident in conducting experiments as they could learn how to set up and implement experiments and
obtain results, based on scientific observation and reasoning from their own approaches.

Table 2 — Post-questionnaire, conducted at the end of each workshops (N=91 students)

No | Post-questionnaire items Strongly | agree Cannot | disagree | Strongly
1. Today's activities have been interesting and enjoyable. 38% |(54% (8% 0% 0%
2. Today's activities have been understandable. 8 % 69% |15% (8% 0%
3. I was interested in science & technology before the activities. 5% |77% |8% 0% 0%
4. Today's activities have fostered my interest further. 15% [62% |15% (8% 0%
5. I have been able to think about what challenges humans have in the 21st century. 6% [23% [(31% (0% 0%
6. I have been able to think about how science & technology can play a role in our society. 31% (38% [(23% [(8% 0%
7. | want to have the same group work using visualisation in lessons in my school. 15% |69% |15% |[0% 0%
8. I want to use ICT tools in the other lessons in my school. 38% (46% [(15% |0% 0%

Table 3 — Some student comments obtained in Post-questionnaires

v Although it is rare to have water shortages in Japan, from the activity | have seen the importance of the water cycle and how it is

sensitive to human activities.

v | have understood that environment issues need to be discussed broadly with neighbouring countries especially when cross-border

pollution is among our concerns.
v | have been able to gain knowledge not only about pure science but also about how global issues are interrelated within our society.

v Experiments, visual media and resources used in the activity were very interesting and something new to me, which have not been

used in school laboratories before.

v | have seen from the activity that human progress is made not only by creating something new but can be done by improving the way

we use our limited resources.

v" 1 was convinced and became confident through experiments conducted in a way that always included scientific reasoning in the

group work.

Table. 4 — Number of participants and their classification

Number of participants Junior High School Senior High School

1st year 2nd year 3rd year 1st year 2nd year 3rd year Total

Male students 14 4 27 5 7 0 57
Female students 0 3 12 15 3 1 34
14 7 39 20 10 1 91

Workshop Dates : 23rd Sep 2012 / 3rd Nov 2012 /16th Dec 2012 / 13th Jan 2013 / 2nd Feb 2013

Cross-discipline pedagogy was proposed in association with major school subjects, namely
science, technology, mathematics, social studies and others. As society gets progressively advanced, the
amount of content in subjects will also expand, making some of the topics overlap, particularly the 21st
Century Challenges, including environment, health, social and global perspectives. As indicated above,
providing the knowledge web among the subjects for such challenges made it possible for students to
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become more responsible players in dealing with and tackling problems around them. It was confirmed
during the workshops that from the media coverage showing the 21st Century Challenges, students were
able to perceive the context and conduct a simple systematic analysis of the contents from natural
phenomena to consequences of our lives, and to realise the necessary action that citizens are supposed to
take. This indeed led students to attempt the subsequent series of processes successfully.

As a whole, it could be concluded that students were able to utilise the knowledge obtained to
create new and innovative ideas that related to a practical situation in our society. However improvement
in achieving a higher level of student understanding and using this facilitation method in regular school
settings, where basically only one teacher is available for 35-40 students, is set as our future work. Also,
the measurement of student capability and competency in the fields of creativity, innovation, collaboration,
communication, media literacy and scientific approach has to be conducted in a more rigorous yet flexible
way. We think that a conceptual measurement using a rubric assessment sheet could be one of possibilities
and thus intend to conduct design and a development with teachers.

6. Summary and Recommendation

In this paper, we introduced the learning process to provide students with self-motivation among
peers with a facilitator who could assist them in generating ideas and innovative solutions to tackle various
challenges of the 21st century. These challenges were selected and established based on careful
observation of student interest in current global issues that might affect their local lifestyle and
socioeconomic status, including the concept of productivity and the quality of science and mathematics
education. A combination of the 21st Century Challenges and the facilitation method, together with the
sensing technologies for increasing student observation skill, was proven to have had a positive effect on
student participation and willingness toward learning as active generators of ideas. It can be said that
student weakness at expressing and asserting their own thought explicitly to others needs to be improved.

The Ministry of Education, Japan, set out a declaration, listing the key qualities that school

teachers must possess. This included a sense of responsibility, devotion, understanding and culture. They
also included an additional quality required in society today, that is: the ability to take an action based on
global perspective in our society that needs to accommodate and adapt to the potential change in the way
we live. In order to contribute to this goal, a further study is required among educators on the best possible
way to incorporate our proposed approaches into the science curriculum and/or the Integral Study
(Sougou-teki Gakushu) in secondary education.
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ICER Presentation Transcript

Opening

1) Good afternoon everyone. My name is Masanori Homma. I'm a graduate student at Hirosaki
University, Japan. This research has been conducted under supervision of professor Chounan and
Shimada at Faculty of Education. And I would like to present a brief introduction to what we think
our society is seeking in terms of its development and the role of education. Lifelong education is a
vast area of study and thus I would like to take science education as an example to this ICER

presentation.
1. Objective

2) The main point of this study is to try to answer questions that are, what the education, especially
science education, can play a role in societies, and how we can advance the education, in response to
the decreasing working population and the aging society that have just begun in many of leading

economies.

3) We are aiming to do this through knowledge and value-creation activities that are meant to increase
people’s productivity and key-competency suggested by OECD. Needless to say, better productivity
leads the societies to sustainable development, even if they are experiencing the underpopulation of

workforces.
2. Background

4) First of all, let’s look at this figure — the correlation between productivity and expenditure on
education. Both data come from Factbook published by OECD, and we have combined the two sets of
data to see if there is a correlation. We have done this because we wanted to connect education to the

productive sector — therefore we see that education as an input and productive sector as an output.

5) It is clear that, at the same amount of expenditure on education, some countries are enjoying better
productivity, the countries like Germany, Finland and Canada. The productivity of Japan is even
below the average line. Are we able to increase this productivity, by setting an environment in school

where students can practice knowledge and value-creation?

6) Next figure is this — the change in working population. This is an accumulated decrease in
percentage. Overall, Japan is experiencing a gradual decrease in working population, around minus
2 % level as compared to year 2000. However, due to the internal migration to metropolitan cities,
rural areas are experiencing a huge drop in their working population, especially young population, I

should say.

7) This is just like what is happening within European Union where migration from the east to the

west in search of job is noticeable.

8) With this decreasing population, at least in some areas of the country needs better productivity in



order to sustain their living standard, competitiveness and their industrial output. We want
incorporate the productive activity into our educational system so that students will surely be

beneficial to local society and economy.

9) As we pointed out earlier, utilisation of knowledge and creation of value in our classroom is the focal

point of this study, we shall come back to this later, to discuss how we can approach.

10) In the last decades, we have seen expansion of teaching area within each subject. This is true that
current affairs have come into play a bigger role than ever before, such as sustainable energy,
resources, environment, climate, biodiversity, waste management, and even the information and

communication technologies, global relations and social situation.

11) This makes the subject area larger and essentially some of the newly treated topics could have
been overlapped. We would say that it is now possible for individual students to endeavour and cut
across different areas, especially I would say, science, technology, home economics and social studies.
I want to provide such students with cross-discipline topics to challenge. That is the 21st Century

Challenges.
3. Design

12) As you can see, in our approach the challenges or we can say the big ideas come first, and the
traditional subjects become minor sections that support each challenge. The advantage would be
that these topics are ones that are familiar to current students who are exposed to media and

information-rich environment.

13) I believe that science experiment is one of activities where students are expected to have
ownership as well as leadership in conducting the experiment successfully. In addition to that this
involves group discussion, development of ideas, decision-making, above all, these are necessary
steps for value-creation in productive activity in real life. We introduced facilitation in our lesson
where students are expected to be an active generator of ideas but not a passive receptor of existing

ideas and information.
4, Practice

14) Let’s move onto practice. I would like to present here one example of 21st Century Challenges that

is context-led both socially and scientifically.

15) “Irrigation is a means to artificially divert natural water to man-made streams in order to assist
agriculture. Doing so sometimes causes a decline in the amount of water in lakes, reservoirs or
underground, and consequently leads to an increase in salinity level. In the case of natural lakes,
severe damage is expected not only to the ecosystem of the creatures living there, but also to the
agriculture surrounding the lakes.” — This is social and local context that have not been taught in
science class but rather treated in social studies and home economics or agriculture. I shall connect

this to scientific context as follows.

215
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16) “The salinity of the water can be estimated with a simple galvanic cell using two different types of
metal plate that exhibit a unique ionisation tendency. Your group is assigned to create a correlation
graph between voltage and salinity so that anyone having the pair of metals and the graph can
utilise them to estimate the salinity of unknown water” — I think that now the social context and the
scientific context have been jointed together. This provides students with their own knowledge web

that interconnects all other discrete knowledge in separate subject areas.

17) Clearly we can see that science is just a small part of this knowledge web, but play an important
part to understand the overall concept. It is good for students, who may not be science-literate, to
have a big vision over what constitutes the science in relation to others. It is our concern that the
traditional classroom has put much concentration on dealing with pure science topics, not knowing
the rest of the knowledge greatly affect the science. As an example, the “ionisation tendency” may be
an interesting topic for scientists or researchers but not the case for general public, let alone

students.

18) I believe that people’s interest is oriented by purpose and profit for their society. That is, where the

science can be utilised and how it is good to sustain their living.
19) Let’s look at the proposed process shall we.

20) Stepl, students are to obtain understanding and consciousness over the challenge through media
and internet. It is good idea to give students access to broadcast, news programme, documentary and
even articles from newspaper and magazine that have various points of view toward the challenges.

National Geographic Channel provides broad range of programme that is suitable for this step.

21) Step2, students are to investigate an influence caused by the challenge to their society. In the case
of irrigation, this may result in shortage of water amount and increase in salinity level, affecting
aquaculture as well as agriculture, therefore food provision. We use a facilitator who can promote
the discussion in each group where students visualise facts obtained through media in order to
analyse the context behind the challenge. This may be from phenomenon to consequences and to

action we need to take.

22) Step3, students are to create their own procedure or scenario for an experiment. Traditionally they
are just given a lab manual that shows step-by-step procedure on what they need to do. But in this
step we provide them with a sufficient time to create “a procedure” with “added-value” that is new to
them and become beneficial to their learning. This may involve assumption, implementation,

observation and reasoning skills.

23) Step4, students are to implement the experiment according to their own procedure, and to confirm
whether it is complete, and where necessary improve upon it. As you might have notice that this
PDCA (plan, do, check, adjust) process is vital in real life and work in industries which pursue value
all the time. Students can be effectively trained by using the science experiment as a way of

value-creation.



5. Evaluation

24) Let’s move onto evaluation. We have been conducting workshops in order to verify the proposed
lesson style comprising of context-led learning and the value creation. Distribution of students
attended in the last year’s workshops is shown here. There were 57 male students and 34 female
students in total. About 16 to 20 students who came from either junior or senior high school attended

in each workshop.

25) Before the workshop started, we asked students for taking a self-assessment on their competency,
using very simple sentences so that even junior high school students could understand. From this
self-assessment, we knew that students were less capable of #1 knowledge and value-creation, #3
explanation and persuasion to others, and #6 clarification through effective questioning. We realised
that students have not been provided with an environment where they are made engaged and
encouraged to generating ideas, voicing opinions and negotiating with peers. All of which are to be

addressed by the effective facilitation and visualisation of ideas.

26) Indeed, through our observation in the workshop, we have confirmed that the facilitation and the
visualisation made it possible for students to actively generating ideas, at least not hesitating to
voicing opinions in front of peers. And they were able to develop their own procedure for the

experiment, not just a passive receptor of given information and knowledge.

27) From the post-questionnaire we confirmed that 77 per cent of students thought that the lesson was
understandable. And more than 84 per cent of students hoped they want to have the group work
using the visualisation method in their school. Above all, about 70 % of students answered that they
were able to think how science and technology play a role in our society. Therefore, we confirm that

the proposed method encouraged and promoted students learning.

28) I would like to show some of the student comments that could endorse the positive outcome. But

because of the time left, you may want to read this on hand-out later after this session.
6. Summary

29) Now let me summarise my presentation. In the past decades of education provided students with
intense acquisition of knowledge and skill for industry-based society. In the society like Japan
especially its rural cities where population has started to rapidly decline, they are unable to sustain
their competitiveness, due to a limitation over amount of knowledge per head, in other word, people

have a limited capacity that knowledge and skill are fed into them.

30) I would like the education go further, to cover the process of utilisation, creation and innovation
that have used to be left to industries. Education can play a role to provide students with an
environment where they can practice value-creation with productive manner. I think this should
contribute to increase the productivity of the societies that are stuck in economic downturn with

run-down industries.

31) Here are the outcome and achievement of this study. First, we have developed and proposed the

217
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value creation process in the school education, where students are encouraged to act like active

generator of ideas rather than the passive receptor of knowledge from textbook or lab manuals.

32) Second, in that process we introduced facilitation and visualisation technique that were intended
to enhance student participation. And according to the response from the students and observation
through workshops, we confirm that the technique could solve the problem with current classroom

that is teacher-centred and that needs to be turned to student-centred.

33) Third, creating the knowledge web before starting the experimentation, it was obvious from the
response that they could understand the role of science and technology in our society in connection
with other subject matters. This provided students with a clue as to deal with 21st century

challenges they were tackling.

34) Last, perhaps this is rather recommendation, but I would like to say that science education needs
social perspectives built into its curriculum. Because vast majority of students already are already
exposed to social context through this media-rich world where their interest really fit into it. And
thus the cross-discipline approach does make a sense; engage students in their social matters, give
them a challenge they can tackle, let them devise a procedure they can verify and get a feedback into

their understanding.
Ending

35) I acknowledge and appreciate that the research programme has been supported by the

organisations as written here.

36) Thank you for listening to my presentation. And I am happy to answer questions you may have.
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