FRIERTIELE ¢ LMLV E U9 2L

%—’?Q i R SRR ZEA —BA TR RRLITE
A+ (1/3)

#eeRFLCEFR)

Rl S T I Y

% % % ¢ NSC 100-3113-S-004-001-

#HoF H R 1002042 01 p 3101 ®03% 31p
HoFH R ERTE L

P& % F 101 #0102 200p




LR 3

¢ o B4

Boeo4 &

AP R PIREFELE L A g_ BRI A T
=z fﬂ%%;ﬂ'.’ﬁ xnﬂqawwﬁ‘kfiﬁ B r’ﬂlp [N SRR
EJ P~

CDRRRECAR S d AFETEE X210
e d 5 ﬂbﬁhﬂ@wwa$’éﬁﬁ Mg 3 TR
B Ak s rﬁ%‘-”};J”fﬂ'rT—?ch A ER rﬁﬁ{rﬁj ¥
T R s THEBE  HTAR B TAKR  H TR
5Pt (2)5‘;;‘1%:%%&“% PREF R A R TR R
BARE oL s R - 75 3BHA -
4,689 4 T-12 # 2hRB ¥ 2 2B AT - RFPTFE
/’:\"]"?‘ff']]\*";l’("}l EZ/”\’H%F"I’ ’Eb/&"é@"&ﬂlpm %J—ﬂé’%‘
ﬁﬁ”ff‘fﬁ"’h’){fi 5“1’4’9554[7’“‘,,6@’_1_9‘? —?i_ﬂf’sbzﬁl
pizg\lp,ﬁ—‘;’f’gh/}ﬁrib sfFAERA )i:#ﬂf’&? ’ "’h’r;h/}g'lff’fé\'a T
MAPRE > B MHu s B A ER PR E T RARR PR o I
B ARRIE A (TR IR F 3 L g A ER R AR
BB s R R CEE AR e IR SN TS
FT"’%IE'_E#EE : &F?E:'ﬁ 14 LR ’]‘é ’F‘ ’fE’J“ Y /Eflff"’)‘\‘ o 14}
HFPTEFFAHA TR ARTEARFET 22
* -

AN~ wRRY ARG L E R

This study aims to investigate student beliefs
relating to energy issues in the society and to
1identify effective energy-issue beliefs that can
motivate energy-conservation behavior. Data were
collected with the Energy-Issue Belief Questionnaire
(EIBQ) including ten constructs, two in a pair with
tensions (energy-saving vs. carbon-reducing
knowledge, having vs. being lifestyles, questioning
vs. conforming to authorities, technology vs. nature
approaches, future vs. present goals), developed in
this study. The EIBQ is validated with a criterion
questionnaire on energy literacy (knowledge, affect,
and behavior). Research participants were 4, 689
students of Grades 7-12 in Taiwan. The results of
confirmatory factor analysis and internal reliability
analysis show that the EIBQ has a desirable validity
and reliability. Significant differences are found
between the two beliefs in a pair with tensions in
the EIBQ. The energy-issue beliefs have medium
correlations with the energy affect and behavior, but
low correlations with the energy knowledge, and



differential correlations with gender, grades, and
socioeconomic status. Energy-conservation behavior is
positively predicted by a being lifestyle, a tendency
to conform to authorities, a nature approach, energy
affect, grades, and socioeconomic status, and
negatively predicted by a having lifestyle, a
tendency to question authorities, and energy
knowledge. Suggestions for energy education and
future research are provided based on the findings.

belief ; energy conservation; energy education ;
socioscientific issue



Introduction

Human energy-conservation behavior appears to be an effective and economical
way to mitigate global warming. Human behaviors, however, are determined by
human beliefs in the long-standing culture and society. It is important to identify
effective energy-issue beliefs that may motivate energy-conservation behaviors.

Researchers have posited diverse theories aiming to transform human beliefs or
motives into  behavior, e.g., Guagnano, Stern, and Dietz’s (1995)
attitude-behavior-condition model of behavior, and Stern’s (2000) value-belief-norm
theory of environmentalism. The precedent factors of energy-conservation behaviors
may include interactions and tensions between personal cultural values, manifest
lifestyle, societal hyper-structure, and the household system (Keirstead, 2006; Weber
& Perrels, 2000). Human demographic characteristics, e.g., gender, age, and
socioeconomic status, may also play a role in energy-conservation behavior (Chiu,
2011, in press).

The above review of literature suggests a need to develop a questionnaire to
investigate people beliefs in response to energy issues in the society and to identify
effective beliefs in motivating or discouraging energy-conservation behavior. This
study, therefore, aim to answer the following four research questions, organized into
two sets.

Set 1. The Energy-Issue Belief Questionnaire (EIBQ)

1. What are the construct validity and internal reliability of the EIBQ?

2. What are the differences between the two constructs with tensions in the EIBQ?

Set 2. Energy-issue beliefs as part of motivations for energy-conservation

behavior

3. What are the correlations between energy-issue beliefs, energy literacy
(knowledge, affect, and behavior), gender, grades, and socioeconomic status?

4. How is student energy-conservation behavior predicted by energy-issue beliefs,
energy knowledge, energy affect, gender, grades, and socioeconomic status?

Method

The major research method of this study is a survey of secondary students.

Participants



The research participants were 4,689 Grades-7-12 students (2,384 girls) from 119
classes of 23 schools in Taiwan.

Measures

Three kinds of measures were used in this study: the EIBQ, a criterion
questionnaire on energy literacy, and participant demographic characteristics. All the
items were examined by six experts from the fields of physics, chemistry, biology,
earth science, educational psychology (testing), Chinese, and English. They worked in
primary school, junior high school, senior high school, and university and public
science education institution. Expert validity was thus established.

The EIBQ. It was developed by this study. It included ten constructs, two in a pair
with tensions: energy-saving vs. carbon-reducing knowledge, having vs. being
lifestyles, questioning vs. conforming to authorities, technology vs. nature approaches,
and future vs. present goals. The first eight constructs included four items for each
construct, and the last two constructs included three items for each construct. The
EIBQ included 38 items in total. The items were on a five-point Likert scale ranging
from 5 (Agree strongly) to 1 (Disagree strongly). Table 1 shows the items.

The Questionnaire on Energy Literacy (DeWaters & Powers, 2011). It included
the aspects of energy knowledge, affect, and behavior. The energy knowledge was
measured on a typical maximum-performance test format, choosing one correct
answer from five choices. The energy affect and behavior were measure on a
five-point Likert scale. The original items in English were translated into traditional
Chinese, the official language used in Taiwan and back translated. The experts
examined the items for adapting the items to the context of Taiwan and some original
items were changed.

The original questionnaire for the energy knowledge included middle- and
high-school versions. This study used only the high-school version because the
additional items used in the original high-school version appeared to be suitable for
both junior- and senior-high school students in Taiwan according to the national
curriculum. The original high-school version of energy knowledge in the
questionnaire included 38 items. Twelve items (including answers) were changed
slightly in order to adapt to the context of Taiwan, e.g., “Which country provided the
single largest volume of oil imported to the United States in 2007?” in which the
country name “the United States” was changed to “Taiwan” and the answer was
changed. Five items were deleted because the experts found the single correct answers
hard to be obtained, e.g., “Which resource provides most of the energy used in



Taiwan each year?” to which the experts had different answers. This procedure
resulted in 36 items left as the energy knowledge items.

The same items of energy affect and behavior were used in the original version of
the questionnaire. All of the 17 items in the energy affect remained unchanged, except
for the change in the country name. The original questionnaire included ten items in
the aspect of energy behavior. Two items, regarding the use habit of heaters and
air-conditioners, were excluded in the Taiwanese version because the descriptions of
the behavior appeared to fail to fit to the context of Taiwan. As such, there are eight
items for the energy behavior in the Taiwan version.

Table 2 shows that there are similar total percentages of the correct responses (for
knowledge) and positive responses (for affect and behavior) to the US and Taiwan
versions of the questionnaire.

Participant Demographic Characteristics. The research participants were asked
for their genders, grades, parents’ vocations, and household cultural and material
belongings.

Data Collection

The survey was administered through a Moodle system set up on the websites of a
university in Taiwan. The participants individually linked to the websites, keyed in

passwords, and filled in the survey under their teachers’ supervision.

Data Analysis

There were no missing data because of the use of Moodle system, which allowed
for the setting of no missing responses. The four variables of fathers’ and mothers’
vocations and household cultural and material belongs were transformed into
standardized z scores, separately. The four sets of standardized z scores were summed
and transformed into standardized z scores, which formed the variable of
socioeconomic status.

Research Question 1 was answered by confirmatory factor analysis (CFA) and
internal reliability analysis. Research Questions 2-4 were answered by
repeated-measure t test, correlation analysis, and regression analysis, respectively.

Results

The four major results in relation to the four research questions, respectively, are
presented as follows.



The EIBQ has acceptable construct validity and internal reliability. The analysis of
CFA shows that the a priori structure of the EIBQ is generally supported (x*(620) =
10291.638, p < .05; CFI = .969; NNFI = .965; RMSEA= 0.058). The values of factor
loading from the items to the ten constructs are from .964 to .360. The values of
Cronbach’s o for the ten constructs are from .817 to .567.

Significant differences are found between the two beliefs in a pair with tensions in
the EIBQ. Students believe in energy-saving knowledge more than carbon-reducing
knowledge, perform a being lifestyle more than a having one, conform to authorities
more than question authorities, prefer a technology approach to a nature approach,
and aim at the future more than the present for energy issues.

The energy-issue beliefs generally have medium to high correlations with energy
affect and behavior, but low correlations with energy knowledge, gender, grades, and
socioeconomic status.

Energy-conservation behavior is positively predicted by a being lifestyle, a
tendency to conform to authorities, a nature approach, energy affect, grades, and
socioeconomic status, and negatively predicted by a having lifestyle, a tendency to
question authorities, and energy knowledge. Controlling all the other predictors, girls
tend to perform energy-conservation behavior less than boys, although girls have
higher energy affect and knowledge than boys, and energy affect can positively
predict energy-conservation behavior. Girls also have higher tendency to question
authorities, which negatively predict energy-conservation behavior.

Discussion

The results may provide suggestions for energy education and implications for
future research.

Energy education interventions can focus on increasing student emphasis on a being
lifestyle, a nature approach, and energy affect, and decreasing student emphasis on a
having lifestyle. The negative predicting capacity of the tendency to question
authorities and energy knowledge suggests that teachers may need to transform
student critical thinking of the emerging energy knowledge to energy-conservation
behaviors, perhaps through the mediators of the positive predictors identified in this
study.

The differences between the constructs in a pair with tensions indicate the
dominating beliefs in the society. We especially have to notice the significant
predictors of energy-conservation behaviors. Students have a being lifestyle more than
a having one, and a being lifestyle can positively predict energy-conservation
behaviors while a having lifestyle negatively. Students believe in a technology



approach more than a nature approach, while a nature approach can positively predict
energy-conservation behaviors and a technology approach does not significantly
predict energy-conservation behavior.

Girls perform less energy-conservation behavior than boys. Past research has
indicated that girls show higher pro-environmental responsibility than boys (Chiu,
2010). There appears to be a need for future research to identify reasons why girls
cannot transform their pro-environmental affect and beliefs into behavior. As
indicated by this study, girls have higher tendency to question authorities, which may
play a negative role in girls’ energy-conservation behavior. An educational
intervention incorporating the concern of this tendency may help girls perform a
behavior consistent with their affects and beliefs.
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Table 1
The Items of the Ten Constructs in the Energy-lIssue Belief Questionnaire (EIBQ)

Subscales and Items

Energy-Saving Knowledge

1. Earth’s resources are limited and will be used up one day.

2. Human activities spend a lot of energy, which is the main reason why Earth’s
resources are running out.

3. Humans conserving energy can prevent Earth’s resources from being used up so fast.

4. “Using less electricity” can conserve energy.

Carbon-Reducing Knowledge

5. The Earth’s temperature keeps rising, which causes climatic anomaly.

6. Green house gas produced by human movements (e.g. CO2) is the main reason why
Earth’s temperature keeps rising.

7. Reducing green house gas produced by humans can slow down Earth’s increase in
temperature.

8. Using less electricity can reduce the release of green house gas

Having Lifestyle

9. Making lots of money is important.

10. If I were rich, I would choose to live in a mansion.

11. Having a car (especially expensive cars) is very important.

12. Being able to shop often is important.

Being Lifestyle

13. Being able to lead a simple life is bliss.

14. Living in a healthy, energy-conserving home is important.

15. Use personal cars only when it’s necessary.

16. 1only buy what | need.

Questioning Authorities

17. Powerful countries need to use more resources. (Reversed)

18. The government needs to use more energy than the common public. (Reversed)

19. Major industries need to use more energy. (Reversed)

20. Rich and powerful people need to use more resources. (Reversed)

Conforming to Authorities

21. Powerful countries should lead everyone to reduce carbon exhaust.

22. If the government introduces good “energy conservation and carbon reduction”
policies, I’d be pleased to follow them.

23. If powerful people (e.g. the President, school principals, business owners, major

industries) take parts in “energy conservation and carbon reduction,” I would follow



24,

their action.
Religious people will follow “energy conservation and carbon reduction” movements
led by religious leaders.

Technology Approaches

25.

26.

27.

28.

b

Employ a “complete switch to renewable energy” method to promote “energy
conservation and carbon reduction”.

Employ an “invent energy-conserving electronics and vehicles” method to promote
“energy conservation and carbon reduction.”

Employ a “Choosing eco-friendly, energy-conserving materials to build houses”
method to promote “energy conservation and carbon reduction.”

Employ a “reinforce eco-friendly and energy-conservation-related industries” method

to promote “energy conservation and carbon reduction”

Nature Approaches

29.

30.

31.

32.

Employ a “Plant trees and protect forests” method to promote “energy conservation
and carbon reduction”

Employ a “back-to-nature farming” method to promote “energy conservation and
carbon reduction.”

Employ a “buy natural, eco-friendly merchandises” method to promote “energy
conservation and carbon reduction.”

Employ a “reinforce local production of goods” method to promote ‘“‘energy
conservation and carbon reduction.”

Future Goals

33.

34.

35.

“Energy conservation and carbon reduction” is to allow our future generations to
have a better life.

“Energy reduction and carbon reduction” is to prevent humans’ liveable environment
from early obliteration.

“Energy conservation and carbon reduction” is to allow humans to thrive for a long
time.

Present Goals

36.

37.
38.

“Energy conservation and carbon reduction” has a direct relationship with my current
life.

“Energy conservation and carbon reduction” is to prevent natural disasters.

“Energy conservation and carbon reduction” is to allow us to lead a better life in the
present.




Table 2

Percentages (%) of Correct/Positive Responses to the Questionnaire on Energy
Literacy

Knowledge Affect Behavior
MS HS average MS HS average MS HS average
DeWaters & Powers 40 44 42 73 74 74 66 63 65

(2011, p. 1702)
This study 32 51 42 67 81 74 60 68 64
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