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DeWaters, |., Powers, S.: J. Env. Edu., 44(1), 38-55 (2013), 44(l), 56-78 (2013)
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IV F—Y 7 Z7 ¥ —ilth
Middle school students in US (NYYS)

»  Middle school (US)DATE(F, B -REEREDA7IEEWN—AT, MERE
[FIELN.

» B D -REEvs ITEIDMEL, Bl -REEvs MO HEBE LY E5E0.

» HEvs ATEIZIXIZEAEFEMEELY.

40%
Cognitive

Energy
73% Affective /. Lit€racy

embedded
*Self-efficacy

r= 0.16

Behavior 65%

r= 0.54 2

IRIILF—NTIO—DRELANILOHEEILLETES LIS
Bot=h, TRILF—N) T3 —ZHEE X TZHELEL.

DeWaters, ). E., Powers, S. E. (201 1): Energy literacy of secondary students in New York State (USA): A measure of knowledge, affect, and behavior, Energy Policy, 39 (3), pp.1699-1710.
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tt=

STEIRIITENEE AR
The Theory of Planned Behavior
(TPB) (Ajzen 1991)

Chap. 2

RERETHICETSRE
(Hungerford and Volk 1990)

MBS SR ECE A
The Value—Belief-Norm Theory
(VBN) (Stern et al. 1999)

[I] Dunlap, Van Liere, Mertig & Jones, 2000
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Theory of Reasoned Action _ _
(Fishbein & Ajzen, 1975)
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ALY

» BROHBRZEDIRILEF—)TIL—HUIZ, ZOEHE
EETILETIRD (grades 7, 8, and 9, ages of |3-15).

» R (i) RIRIEE
EBHEORTHI R Y —(CET AETARELTNS
BOTHILE—F S —FRELET 5N LB TRETHS

IRIILF—ERA, #R, 78280 T, BEEMINDOBEENICEEOIRIL
F—IZETAREICEEZRIFIHAROIRILET—)TSU—FEBRITHE
X, BB IRILET—EBEHRED=ODFEINEBIZENEFTES
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Chap. 2 Chap. 3 Chap. 4 Chap. 5 Chap. 6 Chap. 7

E@mICKETUr—hRMBEER FE, 2, 3)

HMBRE: SODOERBEMASELVEZZFIDER

B2UTSo—: ELL, EFEM2TLS, HhhoHRLD3RMS 1 DEIR

BHOHME'  REE-RE, THRE: SEREREMNIDEER (l: 2<{E53TIEHELW—FNDELYTE)

BHER (R, £6, 25, B, TRILX—HERER, EREFRE,
RETHDEIRDOLDOITOEE RETOIRILXT—ICHTIRE0EE)

TUT—hRBESRAEMN, FHECLOTHETRME
TU—RRERR, T-2AN
FAE1(2014)N = 1316; FHE2(2016) N = 1070; FHE3(2017) N = 635 (Thailand), {SFEEE9S%, FRE +3~4%

M ERP)TSO—REICIXEZRIC1pt, :BE(20ptE, TOMDOREIIAAEDFZELLERZNSIEIC
S5~ IptZEft 5L, BH/AOT7NDE|E (%) THEK
HERSSANEHDOETERLS:

B LR Munn-Whitney U test, Kruskal-Wallis Test
FERE RS Spearman’s rank order correlation coefficient (rho)

HAOBHAEEDHT:  Amos™ Ver. 24
Conditional Process Analysis: PROCESS 2.13.22
VI T: IBM® SPSS® Ver. 24

2. Hayes, A. F. (2014). PROCESS for SPSS. The Ohio State University, Release 2.13.2.
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Chap. 7

Statistical methodology #tawi 1/ 3

» Item analysis I8 H 734
ltem difficulty (Df) IEB#ZE R
ERAYT TITEDOEMEBZREHBLTLENEINERT HEIE
SERBRMNOLELIHMBREDIZE Df >0.7 (70% IEZ) HAEFELL

ltem discrimination index (D) IH B #7Al+5%
BREE A LGRI%ETH27%D T IV —TEH A TESTEE
D<02 ZELEBZ
D<0.15 Al

Standard error of measurement (SE) JAITE DIEAERE
IRESN-RAOAT DHF BRI RE/FRE D EH
BEHORETREASNIHAEEDNIGS, FREDSEIL, SE<75% MEFELL

University of Washington, The Office of Education Assessment (2005): “Item Analysis”, ScorePak®: ITEM ANALYSIS, https://www.washington.edu/oea/services/
scanning scoring/scoring/item_analysis.html, Accessed Dec. 18, 2015.
Qagqish, B., 2006. Developing multiple choice tests for social work trainings. Training and Development in Human Services 3, 45-57.
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Statistical methodology #stawi 2/ 3

4

HOEREES T
Structural equation modeling (SEM)

SEMIZ, BB TELNVELELTHEZE
AL, ZOEBELZHESGAEHEDORD
REEFZRERITETAEIZLYHEIRE
CERAREERT H-ODHITNT
JO—F T, AFAMELERBRLH
(/NREHT) DILERTHS.
BEEHEE, DEZOHEZETNS
BB S I ZHENICRELEZED
(Fx%,2007)

BHOET ILEGERRTET LER
GHI,AGHI, NHI, CFl > 0.95
SRMR < 0.05
RMSEA < 0.08

AIC... smaller is better

ARTZIEF, 2007. HOEUEIS, http://cogpsy.educ.kyoto-u.ac.jp/personal/Kusumi/datasem07/moriyasu.pdf

Chap. 7
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Statistical methodology #staw 3/3

» Conditional process analysis A
Panel A: SRAZZE#HM)IE, FRIEFX)E M
FBRY)DERDARPLRSZEZRZIDE
éﬂ X Y > Y

Chap. 7

2

X \ e,Yl
v
b

» Y

Conditional effect of X onY = b; + bsM

Panel B: SEN ZHM) 1L, FRIEFX)E 5
fER(Y)DEZRZEEREA M

/
XM

Moderation

by

ey

-

Y
=<

mw

b,

Moderated
mediation

AHETIE, 32DTRTD/NRHER /
BEHW) ZE>THALHIDEEMN X Ty
HHERELT, TRTOENETIVIC I —
DINTERAT-. w
XW
Gender Family discussion Mediategl
moderation
School years Home discipline in energy—saving
Regions Civic scientific literacy Conditional indirect effect of X on Y through M = (a; + asW) (b, + b, W)

Energy education Critical thinking ability

Facility tour New ecological paradigm

Hayes, A. F. (2013a). Introduction to mediation, moderation, and conditional process analysis: A regression-based approach. New York, NY: The Guilford Press.

Conditional direct effect of X on Y = ¢’ + ¢'sW

X: Predictor; Y: Outcome; M, W: Moderator; M (below): Mediator
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Questionnaire, sampling & data calculation

B |
M, B -REE, TEBREMD74 IEBICECEHE BEHERIZEE TE£90IEE

ERMORNHESH
Cronbach’s alpha values® : 0.66 - 0.78 D73 IE HZ#E R

BTy
201443 B £
MO DENREBEZEI316 04T

T—REE
g 345 IL—FIZHE| .
B2EMEERIXEEN, BEHD2Y IIL—TIZHZEIL, REIN31ZERL-EZE
(FEIERLT=

* A Cronbach's alpha value is a measure of internal consistency, that is how closely related a set of items are as a group, which
ranges in value from zero to one.
Cronbach's alpha values should be at least 0.70 for a set of items in social science scales (Benson 1982) and can be as low as - 3]
0.60 for educational assessment scales (Linn 2000, Morioka 2001, Qagish 2005, Zaiontz 2016).
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Chap. | Chap. 2 Chap. 3 Chap. 4 Chap. 5 Chap. 6 Chap. 7
P 4 =

ByiA: (TS73, N=1316)

TS73 (N =1316) ldealindex Cognitive Affective Self-efficacy* Behavior

Median % 38.53 68.42 70.00 67.27

Mean % 39.53 69.02 68.89 66.86

SD % 14.32 7.51 12.67 10.61

Average item difficulty (Df) >0.7 0.40 — — —

Average discrimination index (D) > (0.15--0.20 0.25 0.17 0.27 0.24

Reliability (a) > 0.7 (0.6) 0.78 0.66 — 0.68

Standard error of measurement (SE) % <7.5% 6.66 4.39 — 5.97

* The 4 self-efficacyitems are embedded within the affective subscale.

Maximum attainable score %

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

Overall mean value

Cognitive Affective  Self-efficacy = Behavior
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WEIE: B34

Male
36%

Female
64%

mMale (N = 477) = Female (N = 839)

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0 TFDALBFLYLAE, BAL-BERE, BCEIRED
AaA7HEL

0.0

Maximum attainable score %

Cognitive Affective Self-efficacy Behavioral

*p<.05, *** < 005
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Chap. 2

Chap. 3

Chap. 4 Chap. 5 Chap. 6

Chap. 7

PRI AR

Maximum attainable score %

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

9th 7th
32%

8th

39%

m7th (N=382) m8th(N=515) mO9th (N =419)

_*_

69.9 > e 3 70.2
68.3 68.8 68.2 68.3 66.2 66.7 67.7 |

s AEREICEVWTE, EEFEEFRIFEIYLRITHEL
* BSFERIFEIYLEAL-BREREDRI7ZASLY

7th 8th 9th

Cognitive

Affective Self-efficacy Behavior

p<.05, **< 005
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Chap. 2

Chap. 3

Chap. 4

Chap. 5

Chap. 6

Chap. 7

SER il Hh

m Fukushima (N = 405)

Maximum attainable score %

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

Kyoto &
Nagasakai
35%

@ Tokyo (N = 444)

Fukushima
31%

Tokyo

34%

“1Kyoto & Nagasakai (N = 467)

—35.2 I

| 414416

_ -{- -
| -{- _| — % "
| [ |
— ' — ' *—|
67.3 70.0 69.6 67.5 69.7 69.4 E5_8 67.9 66.8 B
6 F TKN ] ]

3 L—T (RR, 85, REVRED DHT, BEEITRTO

| BRBROPTAITHES, RREHBEN B

Cognitive

Affective Self-efficacy Behavior

* p< 05, +<.001
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Maximum attainable score %

Maximum attainable score %

Chap. | Chap. 2 Chap. 3 Chap. 4 Chap. 5 Chap. 6 Chap. 7
« BEMEEHEIEENERZHIYLRITHEMER

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

H CRHiiE H | Bes

N

EEDTEHIXIEFOIRILEF—YTSO—IZE

52 TVDHREMEA B

mKnow (N=111) mDon't know (N = 693)

IRILF—ITDONTEDLLWEHI>TNET M ?
Cognitive Affective Self-efficacy Behavior

m Talk a lot (N = 223) m Not at all (N = 708)

_Talkalot

IRILF—EEIZDOVTRIRESELEIHI?

Cognitive Affective Self-efficacy Behavior

m Save energy (N = 227) m High user (N = 425)

Cognitive  Affective Self-efficacy Behavior

mYes (N = 630) mNo (N = 356)

[

BIRITOVWTRHRETDEIIHYT M

Cognitive Affective Self-efficacy Behavior
** p< .01, *** < 005, + <.001
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T RIVXF—Z 5 m b AN ERIRIE 2 v = 1282)

1L EAPHIALDRTE 0.8% I
10. R ORE 1.6% ‘

9. A5 —-1wh 16.2%
1.IEHOESE 30.7%

\/2.&%@&% 2.7%

3.l REDEEE 5.9%
4 FRERRFBOE 1.3%

\S.ﬁ%ﬂﬁﬁ-#ﬁlﬁﬁﬁ'
EEE 5.8%

8.3 - #55 3.0%
7.4 3.5%

J

—

6.7LE-TTH 28.3%
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ITRINF—2F5H;

5 A NILTERIT 2 (v = 1282)

X ——  kkk  —
~ 100 "
i L kk — *
o) [ ] N
2
o 60
Q
)]
L 40
| .
o
B 20 -
3 s eicacy
| -
3 0 I
5 & L& 5 & &
& &S & & &
& & o&\ qﬂ}?. & &
NN IO RN
& i
o )
& &
o RN 6@';‘\
& & W

(* p< .05, #* < 01, #%* < _005)
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TARNF—2 5 b AN ERBE 2 = 1282

- FIREE (BN, 4ol BINRER, BEMNTFE DRE)
« TOTATS—=0T (K, #HiEHME, BYERTGE)
« A= YbEET LRUSNDIFIRIR

m School education (N = 520) m Active learning (N = 157) = Others (N = 605)

School
education
Others 41% X 80.0 i AR ¥
47% o ol Sl
. S 70.0 . e -
Active S 68.9 /18 65 5 68.4 g 68.4 696
. & 60.0
learning @
129% % 50.0
= 400
(18]
£ 300
g 20.0
£ 100
s
S 0.0
Cognitive  Affective Self-efficacy Behavior
© BEFMICRSRHEFERDIRILE—YTIO—ITEELTNSIENEZOND F¥p<. 005

o RITOERIBRERE, IRLFNTIO—ICHFEVEEBIGOIENEZEZILND.
NIFZIF KRB EDHENSIFEAEZE D DTLVELY (Misaki et al. 2005, 20052)
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tHP

Chap. 2 Chap. 3

r=0.43

Chap. 4

39%
Cognitive

Chap. 5 Chap. 6

r=0.14

Behavior 67%

Energy
69% Affective /. Literacy
embedded
*Self-efficacy <:>
r=0.46

Chap. 7
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Maximum attinable score %

Chap. | Chap. 2 Chap. 3 Chap. 4 Chap. 5 Chap. 6 Chap. 7

H K Lkt (T'S55%)

mTS55 Male 1 DW Male B TS55 Female ©DW Female

100.0 o
r= Cognitive  r=
80.0 1 JP 0.39 JP
_ Us 0.38 us
000 Energy
) . Literac
40.0 7ol 7203 Affective y
embedded
20.0 *Self-efficacy
r=
0.0

JP 0.41
US 0.541%

Cognitive Affective Self-efficacy Behavior
(* p<.05, ¥ <.001)

* BROHZEDMBOENBOREICEELTLVENWIENEZLND
« REOEL-BERE, BECENRORI7OEEIH, BEIDLETEIOMRBEZEDH T
WHIENEZLND

DeWaters, ). E., Powers, S. E. (201 1): Energy literacy of secondary students in New York State (USA): A measure of knowledge, affect, and behavior, Energy Policy, 39 (3), pp.1699-1710.

* REEQHETIE, BARTEMLZI8EBZHIR

0.09
0.16

Behavior
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Chap. | Chap. 2

HK EER

Chap. 3

Chap. 4

Chap. 5

Chap. 6

Table 3.7. Mean Comparison of Energy Literacy between 7555 (JP) and the U. S.

(US).
Subscale Contry N Mean (%) p SD (%)
Cognitive JP overall 1316 4117 14.86
US overall 2038 40.17 14.86
JP male 477 40.34 15.91
US male 1007 41.01 15.84
JP female 839 41.65 * 14.21
US female 950 40.30 13.69
Affective JP overall 1316 69.58 8.06
US overall 2339 73.03 ¢ 10.45
JP male 477 68.70 8.25
US male 1144 7228 7 10.99
JP female 839 70.08 7.91
US female 1099 73.90 9.74
Self-efficacy JP overall 1316 63.89 12.67
US overall 2339 72.06 7 16.26
JP male 477 66.98 12.79
US male 1144 69.85 16.87
JP female 839 69.98 12.47
US female 1099 7474 7 15.09
Behavior JP overall 1316 66.51 * 11.67
US overall 2309 65.57 15.23
JP male 477 65.64 11.65
US male 1126 65.94 15.45
JP female 839 67.01 * 11.66
US female 1089 65.45 14.87
*p < 05, 1 < .001

Ct

FYR

For Your Reference
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Chapter 3: £%¢ 1/2

L HEREICETLEEZEICONT
BF38% < ZF 40%, (p <.05)
EAE A TEIDEVEFRERNZFEARDRAOTZEZLIFTLWSIENEZONS.

> BFARXRFIYVELIRILFT—ICEATIRBENENELITHRENHAMN[I], EEL
LWS&YE, ZALRNILEDBEFRENREINDS.

2 fRELOHREEDIEEIZDNNT
RBEIITRTOREICE\LWTHDMIELYEHLROTHEMN ST,
REIX201 I FDEXLUAING, EEENTAMIEWTIBRAMELMERIZH SH[2].
SHIZEX, EFHKEL, EREOHBEFOCREEREZREERT-.

> o XKEDEEL, BEDEFRDFERMIRZSLICEFRSE, ithilNnEE
LIFHZEEEsT=MB L.

[1] Gambro et al. 1999
[2] MEMORVA
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Chapter 3: %% 2/2

3. AMBEREICHSITHB KR
KE 40% < HZAX41%, (p <.001)

B KD DFE(L, PISA 2012 (OECD), TIMSS 201 | [ZE TR RBREDIHETHRATSE
5.

> MBREICETOEBROEHEDODARRT, BF BFVTIV—, SGBEFOEREFD
[CEoTEIEHESN TS AIREEA EL.

o B -RBE, TBREICETHA KLER
Bl -BEEE:. KE73% > BAK69%, (p<.001)
HEeAMRK: XE 72% > BAXR70%, (p <.001)

Bl EEREIZBITA2XEORIA7Z7DEIE, TEIRELOHERFZFRIETHE
[ZHFSL. BREDFEREZEAIZCENEZDND.

> BARDEFOHBEIL IRILXT—UTIU—IZHITAMMOMEEBICHT LEFEET
HEIFEBIELN.
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Chapter 3: Conclusion

[The current status of energy literacy]
The knowledge level was discouragingly low.

Female students scored higher than the males on the cognitive subscales.
The 8th and 9th graders scored higher than the 7th graders on the cognitive subscale.
The affective and behavioral subscale did not necessarily increase with the school year progression.

Students in Fukushima scored low on all subscales among the surveyed regions: Tokyo and the western
regions (Kyoto and Nagasaki).

The results of students’ self-rating were almost consistent with their energy literacy.

Students who positively responded to the existence of family discussion of energy-related issues, home
discipline in energy-saving scored significantly higher on all subscales than their counterparts.

Information sources selected actively may affect students energy literacy.
School classes seem not to affect significantly students energy literacy.

The intercorrelation between the affective and behavioral subscales was rather close, while there was little
correlation between knowledge and behavioral subscales.

[US comparison]
Japanese students scored significantly higher than the US students on the cognitive subscale.

The US students scored significantly higher than Japanese students on the affective subscale and self-efficacy.

The US intercorrelation between the affective and behavioral subscales was stronger than that of Japan.

The amount of knowledge may not necessarily affect other domains in energy
literacy of Japanese students.
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Chapter 3: Conclusion

[The current status of energy literacy]
The knowledge level was discouragingly low.

2.

3.

Female students scored higher than the males on the cognitive subscales.

The 8th and 9th graders scored higher than the 7th graders on the cognitive subscale.

The

St

re|
Th
St
dis
Inf
Sc
Th

AADREEDQTRILE—BEMNBLENA, RELYLEAT. |
KEQBEL- BEDRITIEAALYLELS, FHEOMEE, BA
FYBHELN.

BADHFEEDHMBOEIL, BFLEIRILE—)TFFI—2KIZ ©
EES 2 L (F RSN,

KIEEDODEEDLITEIEL £HEOIRILE—)TIO—IZEEEFZEZT
WBITENEZOND. little

COrreration between Knowledge and benaviordl subscales.

[US comparison]
Japanese students scored significantly higher than the US students on the cognitive subscale.

2.

3.

The US students scored significantly higher than Japanese students on the affective subscale and self-efficacy.

The US intercorrelation between the affective and behavioral subscales was stronger than that of Japan.

The amount of knowledge may not necessarily affect other domains in energy
literacy of Japanese students:
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Chapter 4

Investigating energy literacy conceptual model

IRIILF—TS5—EZETILDRET

BEETILEIL, DeWaters oM ERLIZTRILEXF—YTS—D
3DDRIT, F7EHE, &, Bl -BE, TEICIoOTHRASND
ERETILEST.
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TV > 7 DO#EE
» IRILF—NTIU—EETILIEChap. 3 DIEREEHEITIRET.

|t step
IERMEAF 7547 (EFA) (RAZE, TATYY X [ElER)
e 3 BF (14 FRRER)
Bl 5 BF (17 giBIZEE)
v 1TE: 3 EF (I EAIZEZE)

)
nd step V)
EFA 428 R ZE $ CEFAZH D

6 BIELEE Q5EAIZES)
_ L mmomy. miomy, smEy b
\/—\

Last step
HEERIRAF 2T (CFAZEIED
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ITRNFX =Y 55T — T T)IVOREREZEOHB

Components W =1316) Mean & ) SD BEK AC ECB AR ESB
Basic energy knowledge (c) 46.7 0.29

Awareness of consequences (a) 73.6 0.13 23"

Energy-use conscious behavior (b) 50.0 0.16 -127 29"

Ascription of responsibility (a) 72.8 0.13 48" 48" -06""

Energy-saving behavior (b) 76.1 0.14 16 55" 37" 39"
Cognition of Environmental Issues (c) 76.1 0.35 51 38" 27" 527 27"

(a ): affective, (b): behavior, and (c): cognitive are marked to each factor.
Coefficients are significant at the 1% level, two-tailed test.
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Chap. 4 Chap. 5

.19 .29 27

LT )L

Chap. 6 Chap. 7

Statistics methodology:
Exploratory Factor Analysis
Confirmatory Factor Analysis
Structural Equation Modeling

Cognitive

r=0.14

Energy
Literacy

Affective Behavior
DER M Do
Cognitive ooy (T
5 B,=.84 g r=0.46
@ a2e k20 71
— EEEE 17
. ¥ 41 A _Tse S
ER 22
_ d
= 55 o A7 1723 e
Be= .33 B4R '5
42
6 15a (e
ToB 30
Affective B 35 55 5] 35b
- - N\ 31
@[ ¥ Tl
FHRER 57 32
s 24b (&)
27
o= 44
22
-
. Behavior 20 O
—( #Lx S ETE SO
T

.23
31b

48
e

GFl =.947,AGFl = .936, NFI = .847, CFl = .888, SRMR = .048, RMSEA = .042.
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]) %ﬁy_*%au\ w‘\)l/
o B P P Do To B

[ 71c | | s5¢ | |60c| |74c||72c||750||680|
48 -

QF-%7:F3IE

25 B,=.84 @
@ a2c |2 g 71 .
RERBEIC :
47'2'7 69 92 A1 ©
HaE 22
42
17
S I 47 ®
48 57
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Chapter 4: Conclusion

The energy literacy conceptual model was explained by six components.

The energy-saving behavior was predicted by both the awareness of consequences and the ascription of
responsibility, which were activated by the cognition of environmental issues based on the basic energy
knowledge.

The relatively high knowledge of energy and environment predicted a strong positive effect on the
ascription of responsibility than the awareness of consequences.

The negative effect of ascription of responsibility on the energy-saving behavior through the energy-use
conscious behavior was observed.

Even though students feel responsibility to energy-saving on a conceptual basis, they are possibly to ignore
or underestimate energy-use consciousness in daily life if they do not know that the contributions of their
behaviors are important and urgent to solve energy and environmental issues.

The positive effect of awareness of consequences predicted the energy-saving behavior through the energy-
use conscious behavior.

The awareness of consequences plays a vital role in bonding between energy-
relevant knowledge and energy-saving behavior.

A conditional process analysis elucidated that:

the direct effect of cognition of environmental issues on the responsibility depends on gender, and the
magnitude of the interaction effect did not necessarily depend on the amount of knowledge;

the indirect effect of responsibility toward energy-related issues on energy-saving behavior through
energy-use conscious behavior seems to decrease with the school year progression;and

the indirect effect of the awareness of consequences on the energy-saving behavior through the
energy-use conscious behavior depends on the regions. 55
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7. The awareness of consequences plays a vital role in bonding between energy-
relevant knowledge and energy-saving behavior.

8. A conditional process analysis elucidated that:

@  the direct effect of cognition of environmental issues on the responsibility depends on gender, and the
magnitude of the interaction effect did not necessarily depend on the amount of knowledge;

@ the indirect effect of responsibility toward energy-related issues on energy-saving behavior through
energy-use conscious behavior seems to decrease with the school year progression; and

@ the indirect effect of the awareness of consequences on the energy-saving behavior through the
energy-use conscious behavior depends on the regions.
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AMETIE. BROFEE(13-15F) DIRILE—)TI5U—%FRAEL, LLTFIZDNT
HmELT-.
HEEDIRILE—)TI3O—DTREFHE

Low on the energy-related knowledge, but better than the US students.
Weaker intercorrelation than the US between attitudes and behaviors.

Influences of family attitudes and behaviors on their son(s)/daughter(s)’s energy literacy

» — — A — =

IRNF—ITIU—BEZET IILERE
Awareness of consequences playing an important role to link knowledge and behavior in the model.
Interactions of gender, school years, and regions in the model.

TPBEVBNERESEIRLF—)TIV—BEETILERE
Awareness of consequences that is a powerful predictor to the attitude toward the behavior.
Effect of BEK on the AC by interactions of CSL, CTA, and NEP
Interactions of NEP and family discussion about energy-related issues on the relationship between AC and ATB through
the AR

ETILOERAREERIEICISIRILF—ITIL—DMEIZ DOV TEHE
Applicability of the energy literacy model

Score decline of Japanese students with the school year progression
Strong effect of SN of Thai students in the energy literacy model

arcl,
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ZIRMM T HIED, BYGTHICLLYENLILEZRELTINS.
ETILDERAIREMZSOITIREET A7=OI(F, LHEBEOXRIZDODVWTHETILENDS.
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Chap. 5 Social psychology approach of
energy literacy structural modeling

_ Theory of Reasoned Action
(Fishbein & Ajzen, 1975)

The Theory of Planned Behavior:
TPB (Ajzen 1991)

Traditional assumption on
Pro-environmental
Behavior

(Hungerford and Volk 1990)

The Value-Belief-Norm Theory:
VBN (Stern et al. 1999)

[I] Dunlap, Van Liere, Mertig & Jones, 2000
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Model
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VBN
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Predictors

Basic energy knowledge'
Awareness of consequences?
Ascription of responsibility?
Personal norm*

Attitude toward the behavior>
Subjective norm?®

Perceived behavior control®

Intention®

Energy-saving behavior®
Civic scientific literacy’
Critical thinking ability®

New ecological paradigm®
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Abbr.

BEK
AC

AR
PN
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SN
PBC
INT
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CTA
NEP
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* EL: Energy literacy, VBN: Theory of Value-Belief norm, TPB: Theory of planned behavior, SL: Scientific literacy, ML: Media literacy

| Akitsu et al., 2016, 2017, DeWaters et al., 2013

2 Akitsu et al., 2016, 2017; DeWAters et al., 2013, Lopez-Mosquera, & Sanchez, 2012; Stern et al., 1999

3 DeWaters et al., 2013; Lopez-Mosquera et al,, 2012
4 Lopez-Mosquera et al., 2012; Stern et al., 1999

5 Ajzen homepage, Constructing a Theory of Planned Behavior Questionnaire.

6 Akitsu et al., 2016; Ajzen Homepage |, 2; DeWaters et al., 201 3; Cabinet office survey, 2009
7 Miller,1998; Kawamoto et al.,2008; NESTEP,200 | ;Kusumi & Hirayama ,2013); Mun et al.,2015

8 Hiramatsu et al., 2004

9 Dunlap et. al., 2000; Cordano et al., 2003; Lopez-Mosquera et al., 2012
10 BHBEETF(008), HEHEDKEEYE TH=VHIR, p.13
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Components of Theory of Planned Behavior

Behavior (ESB)

Behavior is the manifest, observable response in a given situation with respect to a given target. Single behavioral observations can be
aggregated across contexts and times to produce a more broadly representative measure of behavior. In the TpB, behavior is a function of
compatible intentions and perceptions of behavioral control. Conceptually, perceived behavioral control is expected to moderate the
effect of intention on behavior, such that a favorable intention produces the behavior only when perceived behavioral control is strong. In
practice, intentions and perceptions of behavioral control are often found to have main effects on behavior, but no significant interaction.

Intention (INT)

Intention is an indication of a person's readiness to perform a given behavior, and it is considered to be the immediate antecedent of
behavior. The intention is based on attitude toward the behavior, subjective norm, and perceived behavioral control, with each predictor
weighted for its importance in relation to the behavior and population of interest.

Attitude Toward the Behavior (ATB)

Attitude toward a behavior is the degree to which performance of the behavior is positively or negatively valued. According to the
expectancy-- value model, attitude toward a behavior is determined by the total set of accessible behavioral beliefs linking the behavior to
various outcomes and other attributes. Specifically, the strength of each belief (b) is weighted by the evaluation (e) of the outcome or
attribute, and the products are aggregated, as shown in the following equation. A « fbiei

Subjective Norm (SN)

Subjective norm is the perceived social pressure to engage or not to engage in a behavior. Drawing an analogy to the expectancy-value
model of attitude (see attitude toward the behavior), it is assumed that subjective norm is determined by the total set of accessible
normative beliefs concerning the expectations of important referents. Specifically, the strength of each normative belief (n) is weighted by
motivation to comply (m) with the referent in question, and the products are aggregated. SN o« Y n;m;

Perceived Behavioral Control (PBC)

Perceived behavioral control refers to people's perceptions of their ability to perform a given behavior. Drawing an analogy to the
expectancy- value model of attitude (see attitude toward the behavior), it is assumed that perceived behavioral control is determined by
the total set of accessible control beliefs, i.e., beliefs about the presence of factors that may facilitate or impede performance of the
behavior. Specifically, the strength of each control belief (c) is weighted by the perceived power (p) of the control factor, and the products
are aggregated, as shown in the following equation. To the extent that it is an accurate reflection of actual behavioral control, perceived
behavioral control can, together with intention, be used to predict behavior. PBC o« ) ¢;p;

Actual Behavioral Control (ABC)

Actual behavioral control refers to the extent to which a person has the skills, resources, and other prerequisites needed to perform a
given behavior. Successful performance of the behavior depends not only on a favorable intention but also on a sufficient level of
behavioral control. To the extent that perceived behavioral control is accurate, it can serve as a proxy of actual control and can be used
for the prediction of behavior.

Icek Aizen website, http://people.umass.edu/aizen/tpb.diag.html#null-link
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Components of the Value-Belief-Norm Theory
> Personal Norm (PN) @
Feelings of personal obligation that are linked to one’s self-expectations
» Ascription of Responsibility (AR) ©
Perceived ability to reduce threat
» Awareness of Consequences (AC) @
Perceived adverse consequences for valued objects
> New Ecological Paradigm (NEP)?@
The New Ecological Paradigm scale is a measure of endorsement of a “pro-ecological” world view. It is used extensively in environmental
education, outdoor recreation, and other realms where differences in behavior or attitudes are believed to be explained by underlying
values, a world view, or a paradigm.
» Civic Scientific Literacy (CSL)®®
Shen suggested to categorize scientific literacy in three conceptualization, Practical scientific literacy, Cultural scientific literacy , and Civic
scientific literacy. The level of understanding of science and technology is needed to function as citizens in a modern industrial society.
Miller suggested three dimensions of Civic scientific literacy which is the most functional for citizens. They are ...
I. a basic vocabulary of scientific terms and concepts,
2. an understanding of the process or methods of science, and
3. the awareness of the impact of science and technology on both individuals and society.
This conceptualization does not imply an ideal level of understanding, but rather a minimal threshold level, Miller suggested. Reviewing the
last |5 years of empirical work in this area, there appears to be agreement that civic scientific literacy can be usefully conceptualized by
these the first two-dimension.
>~ Critical Thinking Ability (CSL) Media Literacy (ML)®
UNESCO defines Media Literacy elements or learning aims as: * Understand the role and functions of media in democratic societies, *
Understand the condition under which media can fulfill their functions, * Critically evaluate media content, * Engage with media for self-
expression and democratic participation, * Review skills (including ICTs skills) needed to produce user-generated content.
@ Schwartz, S. H. (1977). Normative Influences on Altruism. In Advances in Experimental Social Psychology Norma (10th ed., @ J. D. Miller: Public Understanding of Science The measurement of civic scientific literacy, Public Understanding of Science
pp- 221-279). New York, N.Y.: Academic Press (1998).
@ Anderson, M. (2012). New Ecological Paradigm ( NEP ) Scale. The Berkshire Encyclopedia of Sustainability, 260-262. Retrieved @ ). D. Miller, J. a Hannah: in the 2007 annual meeting of the American Association for the Advancement of Science (2007). 6 3
from http://umaine.edu/soe/files/2009/06/NewEcologicalParadigmNEPScale | .pdf.R. C. Laugksch: Scientific Literacy : A ® UNESCO, http://www.unesco.org/new/en/communication-and-information/media-development/media-literacy/

Conceptual Overview, Science Education, (2000).



