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Steinbrink, 1984) - {34155 S FREE 2 5 Bl
i 4> (National Environmental Education &
Training Foundation [NEETF], 2002)zH 245 5
- RE W EREERRE RS EECH
REJR A - MEE LEA12%RR#EBRE
TEHIERFLAHES - DeWatersEdPowers (2011)
P ARLTIN P AT R R R B A
Yo o ER A P A IR R R B B R R A R
EEMHER 205 AR S IRAEE N =
(Barrow & Morrisey, 1987; Gambro & Switzky,
1999) » (NEAH RIALIRSE R B SR E -
AT - MEPATF AN S H R
FIEARIFAVES - (EH R E (Bittle,
Rochkind, & Ott, 2009) 5z (X M EEHE &
(DeWaters et al., 2007){/5ELRZL -t $BIEETEH
FE R B ERf TENHY AR L35 i (Attari, DeKay,
Davidson, & de Bruin, 2010) » {54127 A58 T
YEEL S i pE Y EE S EE 28 0 Tl ET A
ZHIREEE  AERRRE S S ERSRIVE
FIHERH > AlEAGFE AR FAYEEJE A (Sovacool,
2009a) - Sovacool (2009b)E[15 H 4 BEJRTY
flr(BIaKEmRE ~ FEEES)# A E 12 R
IR ERRHARE - e AR
R KRR E R ER - BiEGR=
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EEHY S THAE R PR 2 R B = ARIR AR EE A
TR BRIl S R R Ry - IR o 2T
KRHIRER B KT RN BRI ET -
AE R 20 0 B (E E B Y I 88 AR R 22
B5 T R (Zografakis, Menegaki, & Tsagarakis,
2008) » KL S B4 4 F AREIRBE &
ELRABERFERE B  WERER
BRI B THAE IR BUE BUR » IS SO BURF
BB T ERREMSED) - WL R
e Y BE I S5 22 B A R 2 T E A (US

Department of Energy, 2015) » 4120125 H ki
Z Energy Literacy: Essential Principles and
Fundamental Concepts for Energy Education >
AEAE R R R w RS B R A - R
FlERREE IR AMENEEREEUS
Department of Energy, 2012) 5 &5 RI#E BN
FEERIGE JH (Intelligent Energy Europe)stds »
KRB EY HEEHEE 2 — g BEH
HE-ERREREEZRREAETE
W R AYRE TR E SR TE 4 (Schools for
Intelligent Energy Use)BE[FH {a7 [ EE EL At /(&
GBI FEE - ERBETTAN R ET LI
THH IR ER A B2 AR B 4 e i B 28 i RE R TS 7
THY =~ #E JJ(BEuropean Commission, 2015) ;
FEI R IL K ERER T 0 BE—RIERE
DEFGHINEERBE TR RIEH R Rk
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RERB I AEAAENEZ
fERERENELR - #EBHERFERENLT
H o BT A DL R AR TR B8 AU Rl 3 2
Gh o IRAT AR B2 A R R EARSE - Hhs
SIERFREREREARER T 2% -
Tt B N8 L HEE) 2 2B RE R R B SR
= ZEBENRFERE EHHERE - BETFER
BEHENRENEREN AT BEEFHE -
HWtel T/ NEE R R E RTINS
R FRFERZ —IER G =A% w1 SEATH]
&= T.E - DeWaters, Qaqish, GrahamEiPowers
(2013)BHE Hige i 228 B R ARSI ~ #HE X
AR UM & B R Ry 2 B A
TR ERAE ELAS H ARHY 2 R O B ) s Y
MG RELENERHEESR - NIt - 5
AR R R B AEH SRR R R R
T EMRBASRATIE - AN > KRS H
DeWatersZ£(2007) b 5Tt H RSN T e
REFEERERER ) BMENE - BERNE
TRBIRE R K B P ERBET L EE R R &
BER  FBTHSETEEME R HERL - I
DIEAHESE RS ER 2 (EEHAY - &
A EBEANIREE AR R 'R
= A Rl R AR R BRI TH -
Foah BT (22 A I A E A BETR R AYARE -
A AF Ry B2 AIAR R BN SO RE TR B S T3 M
BEEEH 2 EB2E -

A~ SeikERt
— BBRRERR
"ERE, BEGHE T BZHENAE
71> EFTA N R FHEEARNERES] >
AN ~ TAEEIRR A 7 (RS 0 1999
2L H > 2011 5 Cooper, 1993) » Z#(H AIAE
Fey A G L 3% P B T S Ay R =48

NMeEZ—EEEEY T > EiREAME
BUHERR ~ SHE OB &S Z8E ST » DA
IEHE A E {78 (Hirsch, 1988) « DeWatersEil
Powers (2013)s8 pe R R BN SIEEZ &
& TRERE, - TRIRER N TRER
B, e TRERE ) (EE - REM
SRR S RIS BRI 2R
& RBHEERSE ~ FERRTRE ~ 73 ~ 456 ~ 7Y
B HFR S RN E R T e
BB GRS - PINEEBEIRF2EH
FfilisE 8H (National Science Teachers Association
[NSTA], 1971)s8 5 - HEFIERE R FH
fit N BREREE I BT - RESOIE RIS ~ 3¢
REBAME(ET H B AVERAE Z H - WRERERY
FIFFER R0 E F B A G A R B 2 BUE
ENREREEAE T EHBUE 2 AT AR
%~ EfEME A AR EREER S - s
BRI ~ RHCEH G BRI ] BE A 2K
HY{ETEE (Miller, 1983) »

HZx» TRFZ#E | (technological
literacy) (YL & @ MRIBEIEREEH 2
@ (International Technology Education
Association [ITEA], 2000)E B[R £ 5 R}
E&«r (International Society for Technology in
Education [ISTE], 2007)fA3sfEHY " RS HE
e | (standards for technology education) »
HIGEEH ~ BE ~ o7 ~ sHERIBR R &
G RO - BRSBTS 0 It
EFRCEFE - BB EE L ATENTES
= T[fj[A](Pearson & Young, 2002) - fEJHZE
M5 —(E#iE " 3R 2% | (environmental
literacy) f{<Hi & BIZFI ST 4H43 (United Nations
Educational Scientific and Cultural Organization
[UNESCO], 1989)fyfi#kE » FsfrA AEEMH
HITHRE AR B S - Fe b A R B BRI 7R
SKERAAVEBE RIS - FiaE i@tk - DIEHIR
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Bk EMHE ERL - DeWatersEilPowers
(2013) s EARIRIR AT RIRR R E RS
R IR AEEMTHNIBRREERINE
EARTARE B KRBT PA&E 7 Ry M (RIEE
Mg ~ RORIEBEAR R RTRERLAE) ~ THR(EEEY ~ 7E&
&~ (BE - 2l - [EAFRERE)ET F(2
BLNITTEN AR ) = K -

Gr BETRD > BEE - BRI RERERER
¥ay o S [\ AT S I BR B 7 ORI P L fg Y A
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DeWatersEiPowers (2013)45 22 FHBEf = » &
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TEREGEBEEE)BENRERE - HhisEE
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Gi o TRZIEHEEIE B - R e B R E
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HIA - FEEFE THIRYE © (B HEAERA
feTfsE FHRERA AR © (2 ERe R R =
MM ESIRE R g S22 (2)5R0(E
A~ BERS R FERE R RARY L E B T B
BRI IR AR 5 (M) IR ARET A R B 28 i (X
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TH#H » ZYUMEGEET FEER AR E
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iJ(Energy Center of Wisconsin, 1999; National

Energy Education Development Project, 2013;

National Environmental Education & Training
Foundation [NEETF], 2002) - DLz B2
K-128EJ5 2 A 515 (Wisconsin K-12 Energy
Education Program) {5l » 3% BEJREE 0%
ERIREIR R B MG - 5 ERBESRETRE F.0
TROLHY T AR IR BE W S A R R i LI
FZ | (energy education conceptual framework
and suggested scope and sequence)#EFTERTE
axaT B TREN R - AR AR RE IR ERIR YL
& HEEHNEZ Lt EE B IREE R
F (Energy Center of Wisconsin, 1999) ° [I:}H
ST 45 FLEE AR RE £ BE R IR AR 22 A RE TR R
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& Powers, 2011; Lee, Lee, Altschuld, & Pan,
2015) -
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2GS INE SV g= s N
TR A HIRE R FIRE R BN - BhsE
H] FHARE H G S S S B L 5 ()
AT G RN - — R EIE A&
(item pilot test) » B ILEEEE DI EGEH
— B T B 725 (instrument pilot test) » DLEF
i B (% BE R H VB AG R I - S5 R RZ [
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GEHAEE  EAE—BEmE £ &
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PR [E Al AH (B R B s R AR ERas ~ BE T
HEHLLES ~ ARSI AR R -
MIESHERRERY SR -
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WA~ BREAT A= REEAEE G
RIBE TR T AT P 1S 2 RE R 2 B il R R i
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o B HRR AR E(EE) - o al Ry - A
FHEERIGE ~ BEJRAE B RIER ~ BRI G EHE A
Bt EHYESE - BRI R 2IREREFES
RER S B L e R - RS
(E IR 22 ~ (BB E Y e R
TS R T Y R2 28 ~ Read KL AE(DeWaters
& Powers, 2013) » HEEHEEZ @ (EREH
JE F5 5 B H A VE A RV ELERE R 22 505 - F
AT R AR R R F R A EE AR 2
WARRER A E T - AR ABLREER - R
FIRREEEMMER - A ERFEE
2 o R H33E A R AR - i
R85 A RENER S - SRR R
REAIER T H - B4 E B ARV IR IR A
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B EL oy - AT B IERE R EAE - B EME R
JE ~ XFRETRAH BRI B S = R 1%
F AVEAE 1T EI AR RSB A 5 B RE TR (58
TR ilt& T T HEY | HATEr =R
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S EENESER] -
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wHG  CFEF 24 EEHFHIRETRFIE -
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I 2T AF 25 TR A 9T 35 DL R 4 20 A s AL R
O — 25 Y2 EAPR 52 (Chen, Huang, & Liu,
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REFHEE  FIOERRERT AR E
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T AT ARG R AT R S5 T [ 40 & B P BE R S
R o MEAE S AL S e YRR AR (0 7 BT
SPE RIS Bt A BRG] - B ARAEIR
HE M (factual knowledge) N » HE &
AL~ R SIS RN R 2 A EE T
B o A BETER o AWTFELADe Waters % 3%
B2 RER R B MG A NS AR  Iia
Pt &S BB 5= - T R N AE R H
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B AR ~ BEE BT RV o R
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FIRBIRE R L AR K2 RERTT R 0 15
SR IR A A TR TR N A B S Y
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Pz AR VR & T B E A M R o

2~ WFsERE TR

AW5E BEEEMA R - 75E HEA R
BINFREENREREZEER -  TEREE
J7H > PLAIETEES > ER HIE B R EE R (tem
Response Theory, IRT)#E{TElRE 4T » AGE—
FEMEATIRA » RS T AHEE 2 EA
REMRZ T S sg MR R o i TS
Epeg o DUT SRR R ER B RIZT -
TS - R T HEEINTITE -

— EXRBREREF

WHoe & B e B B T B JTRE TR &
BRI > WHTDeWaters % (2007) HYHT 724
AT AR B M e R > ol
B S T ] - SR A 4 R [ P R TR e A T T

g > DA H RTINS ME RERE TR R P
65 e e BN R e IR E R A =
A BN HERERR T 2ByDeWatersF 3%
Ry T RARRRENE ) RERANETZ
Hh o BFTE A B = A S BRE R RS
Z B B RS R AR AT~ =L RETR I
HR N dn T2 H 2 55 > BB G HE
B 24 2 ER R EE R - EE R
RUE > A FEEAT 3 51—z [ o 38 il s —fiz
B/ SR BT 1 E R AT T ST
IR o K R = A4 LR AR B A SRR (]
& - WSS R AE Y e e E AR B RE HAY
P > Z 1% > &l BT TR H MR > 552
BEREESIEAR - WFE B IE R AR R TR
REERZEWE -

—HIEER

AWTFEH R B2 T B E AR 5 A
FHIAA S EE ) ZTEEREE T LE
BB HERZ IV EREL - EtEEEE
AYLE HEBI B AL Jh EL RE R AR BE 2 S ~ R(bAE
BREAESE - DIWABCERETRE X © 12
THEEREIEEFH AT EE - 2%
R A LS {E o/ NER gl o 0 (B0 S 63 FTEll
TR HEERILEI 28 - AT ERTEE R IES
S P B - S RE R S g0 A
HYEL TP 2RO T ERFE - EH Y B R E
BT REHURER - DlaBdtE ~ f1i&E -
Fe i R R 1E Ry 73 JE RIS - JLfe sl e —
FTRE TR Z S HE hO OB > FERzE A
[FIRA T TP HL— P PR EAE > ST/ (P
LA FERA T VSRR TR A > DUIBEACEE
EEVG2ESHERNEETERRZ
AR o THEPE B AE RIS 04 L4
B4 (FL400 ) HFT B3 ¢ IEAUHIPE B e
FHE B & BE AT 16044 AR E2 AR S MIE R
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ERBEH > HE11,2804 » i 2B FHEHY
ELABEBRAESD - DU S BRSO -

= HIRIA

Rt s B ErRFEREMEN
BEETHA ~ B RITRE = - EadF
JIHE 0 Y REFRIEER AR AT EREERRE
~ EHEEE(DeWaters et al., 2007) » HZA[H]
B B AIERAV RS ~ BB Rk R #E Y]
M (DeWaters & Powers, 2013) » HUARFZE LA
DeWaters 52 (B2 4 GER R B MG 2 2051
ARy B & FRE B v AE R ERAE K E SAHRA
SRR ITEE S BRI &y BUK T
’ 0 oyl Ey - EAERARIE AR R ARG ~ AEUR
RIFELE IR ~ geli s oA - KReIR¥E 1t
FRENZES(SERNERTRR2) -
FEPO K F RE B De Waters 5 A2 Hi Y N 25K 2L
FHELERTD) » R[E 2 FE AT DeWaters %1y T/
R E RN (3 /IR - AW ZE A B BLEE R
BR kB ERBENZ R amis - a8k HAl
PR ] H B AR 4 2 P A B RE R ERAE N A 4H
(content organizer)ili R B84 o R - 48T
REROGHE S TE > FEEERENEH
(W RGN T ERERIERAEE , - T AEJRAE
RAAIEE , (ETE > a0tk T AR
REIRMES ) ) 0 54h  RRIE R —THARIEE

22 RN BERTABETSEELEE

RERML R M T/ - RE LA IR 5
RHERT > P LAMIER -

B & TH T MR R - HE P& RS
fiDeWaters 5 (2007) Vi 7545 tH # RV 5
RETE > DLl DU{E - RE R i O B R S R
HIREE ~ EITREECTF B4 - SURBE R
FEEIE N 2 ERE RS EE R T EE
QNI o T 45 o B 2 [ e 4% =5 P A Bl - REL TR
(WERFERERCR « EEREFE—FN
R 2 RE RV BB 2R ) » B B E I
B R B R AR A R R RETE (=08 H Al T2
HYEE T2 ~ BB EE 7 AR HE LI RE R Y
HEEBEE) - 4 EREEEEE > 1%
HENENESRE > e EHEHEE
T2 > AR BN Eery R B R 57 51 5 4920%
£25% > W HEPEFLEIKRE - - 5=
(EFEE - RS EENESEE - Dial
HAmER - K5t RiE—DHERERI
F& > 55 = AL AE R ROHI R 4 B B2 B 5 fh B
T BRI H A BN U B R - &
% > SEHASERAEE - A HEEE > 2
HIE TR VEOE T P B —(E I EEE R o B
H o5 BEEAREI o SRIE S IO (E
T AT R BN -

FEFE RS A48 —(E 1 BRO R ERAE
T e R IE (A RE S B (H ] BiiDeWaters %

fim e TEF%
FOAl LRI R ERBLRE TR WEARRE IR E S ~ REJRRIEE T BE i K A A TS
2. AR R EL HrRAIRAETR ~ FEREIRBLIE R AR AR
3. AER SRR A A RERAE I G RIZERE AR IR A IETE
4 RETRE I G ERIR A8 I 2 RE R B 3 L o ) BRI B i R
R LB O 2 ERAETREE F A e R A g B P A O A B R
2. IE[AREEEAE(E S T U LA R AR TR TR
Th L fTEngE 2 H TS T R R E

2. N N\ RE TR E AT Ry

st A it B Y RE R SR T8l
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(2007)HYFFE HiE HH B 7= P AR FE RS TRIRY AT —TH &
FAAE  ZERS - FEGREE)ERE
A HBLIE R R B E ST K
HREFNmGAEREE A RE - 5
HIERE - RRFERE H AV RS B e A E A
faLlDeWatersZE 8¢ &2 2 th B8 AR GE R B\ AR
R H R EEEE - W75 B IR B AR R 1
T4 > PlARR G H " A BE&E
ZHIRETR | —RE 0 (BiRy T EIEER ALY
HHHIRETR | 5 BefRAEH 17 $RLikert 7L EL
FEREy  EEEREEERER - IFFE
B HEE %8B AEE - FEAEAEEE
TP EJEE > Sy RIGE TS ~ 432 157 0 78y
R FEHEEA ERAYEETRREE -

ThREEEENEEAEZ - JITEIAE
T SEEh A B B RE R FAT By > BilDeWaters
FEQ007)ERZER AR T EETE
Sy EREMIE - FHEEEIE S B RN E R
RZE R ETEEIE > FlIOEMES T3
ReeZ SR A - EBR R/ > DAETARE
TR —E o h T R BRI ARATEE
SRR > DIERERETR , > ITEEAEAHESS
HIEE > Wy TR R OB ER 0 Sk
e, TN EFERREE o UK
DEFRE | FEE > DIEEENIIERE
AR TREER 2 TE 5 - 540 [’
METREEESAE "7 RER , AR
=EERE - EEE RS AR A
JERREYE - HEEDw(FEEETRE - B EMER
JE ~ TR B R G RS REE TRY TIE R
FEREELEES ) TR > BORHEER T AT
Rl WIkR > T AMSE EBER TEHE
T8, AR EE - RERT HEERILAL2
o PRHABER > BEEEE YR
HEE ~RD - K Rl TS5 43201
5y s T A TR ERRE Ty -

MU~ DT %

ARWEFE A 5 B R e B G (IRT) #E AT
IS A HYEUE A o IRTE A iR s B
il [A] (unidimensionality) B 5 3 %& 17.(local
independence) (de Ayala, 2008; Hambleton,
Swaminathan, & Rogers, 1991) » BEH [H{LFE
P& T B & A0 & —fHEE /1 (ability) 50E(E
£ (latent trait) - BH5 L HBH —(E R8RS
(dominant)HYRZE T ELAIERASE SR - B AT B
[ AR R L - sz RIZR AR LI E T AP
AICHI S HYRE ST 8B R E (Hambleton et al.) ;
JEEBIL A AL S BB B WAL ST 80-E
Fra 1z A IENE B AY[E] 2 45 5T A0
BEMETEAF (Hambleton et al.) - H FjE H K FEHE
o LA B2 3 S S oo Al 5 et B R
[EHYE (R EEE > 2009 ; Embretson &
Reise, 2000) » AHTF%E DL B 228 (one-parameter
logistic) A FUETTHI R HETHAYIH H & 7>
Mr({FERaschiE =) » (dETEEEE T Bl 0
HIRE JT » HEAGRE T -

Dy
log( i ) =0, —b,
1 —-Dy /

HA 8 ANBE I 50, » SUEEEE fyb, 0 py
Ry idl N BB R Bz B &
Fe R H BB R AR Y HLRE 0 Bl 5% e
[& o ARBF7E LI Winsteps#i fa #1775 H K7y
Mr > By T BRI B T3 i R AR GE (scale
indeterminancy) 8 » 5% H0AG i aRE - 2 o
FETHR B0 » MR SEALEF A2 8UE - BR T {4
stal T B M RE T4 - BAHKES 1 FT B
BEHIER AR (B - BUEBLZ N FHC S E

REJE BT Ry R T EUE R R R MR &R
437 (Exploratory Factor Analysis, EFA)Ei g
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5 MERIZ 47 i (Confirmatory Factor Analysis,
CFA) » gl & TENEE - BHEAUE
(construct validity )B4 £ (dimensionality) °
St A Cronbach’s offi % B 5 I Y NTE S
& SHEEBRE—ERENoEE S BIT
A RIMEK B 1 BT B 2% B R P B 4R 12— 5]
Fr - HEEIBHERE SN ERE—EHEEZ
HJafd 5y 1k - REHURRERZ S
FIGRAY AT A T - feip i m B JE e 2 /&
J& BT Rof TR — 20t » BRI R & &
{7~ SHYREYE(Hair, Black, Babin, Anderson, &
Tatham, 2006) - F5% - AR A REE B
TR RN R O - DUES SR
HEE 2B Y RE R BT R W ] E B2 1 - iR
7S MR R o A B (e = UREHI 45 51 - I
FIFHTER ZY FFE(Root Mean Square Error
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Abstract

This study aimed to develop an energy literacy inventory for junior high school students
to assess 9th graders’ performance on fundamental and necessary energy knowledge, affect, and
behavior. Based on the energy literacy questionnaires developed by DeWaters and her colleagues,
this inventory was drafted and revised by the research team as well as senior teachers at junior
high schools and experts panel. A pilot test was conducted to remove unfitted items. For the formal
assessment, a sample of 1,242 9th graders was selected. Their responses were used to verify the
reliability and validity. Rasch analysis was conducted to examine the item response in the cognitive
domain and both exploratory and confirmatory factor analyses were employed to validate the items
in the affect and behavior domains. The results showed that the instrument reached high reliability
and validity. Four parallel cognitive versions with less items were developed that shortened the
inventory successfully. Overall, the Energy Literacy Inventory was shown to be an appropriate
instrument to assess junior high school students’ energy literacy and it also provided different
versions of cognitive items for use.
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