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Chapter 1

Introduction

Energy is indispensable for human activities and a fundamental resource for main-
taining and developing our societies. A large scale of energy consumption to satisfy
human desires has, however, triggered critical issues of deforestation, desertification,
resource depletion, global warming, and climate change. These environmental prob-
lems are primarily caused by energy production and consumption [1].

The intergovernmental Panel on Climate Change (IPCC) created in 1988 by

(13

the World Meteorological Organization (WMO) has been working on “...to as-
sess on a comprehensive, objective, open and transparent basis the scientific, tech-
nical and socio-economic information relevant to understanding the scientific basis of
risk of human-induced climate change, its potential impacts and options for adapta-
tion and mitigation” [2]. The Fifth Assessment Report released in 2013 and 2014
have determined that it is evidently clear that anthropogenic emissions of greenhouse
gases (GHGs) influence on the climate system and recent climate changes have had
widespread impacts on human and natural systems [3]. The projections of GHGs
emissions will vary depending on both socio-economic development and climate pol-
icy. Adapting comprehensive strategies to reducing of substantial GHGs emissions
will contribute to mitigating risks, costs, and challenges with respect to climate change
in the 21st century and beyond [3]. The IPCC has indicated that the effective pol-
icy for climate change issues depends on perception of risks and uncertainties by
individuals and organizations. In particular, international cooperation are urgently
required to address the issues because “GHGs emissions accumulated by any agent
(e.g., individual, community, company, organization, and country, and so forth) af-
fects others” [3].

The United Nations adopted the Paris agreement in 2015, which requires a wide
range of cooperation by all countries and their participation in an effective and ap-

propriate international effort to reduce GHGs emissions. Human society requires the



perception of irreversible threat of climate change, and cooperation of international
efforts to address the issues [4]. A solution to the climate change issues depends not
only on policy administration, technology development but also on participation by
general public, in particular, it is of significant importance of energy choice, conser-
vation behavior, and reducing fossil fuel dependency. One of the greatest potential
resources for meeting the global issues is citizen’s energy literacy [5,6]. Because when
energy-literate individuals make efforts to address the energy issues with the sufficient
skills to do so, it is highly expected that these citizens empower government and in-
dustry to develop significant policies and energy solutions for a secure energy future.
This positive influence enables government and industry to take truly responsible ac-
tion on behalf of citizens [7]. As such, the improvement of citizen’s energy literacy is
urgent matter to constructing a sustainable development society facing with “defining
new directions and values for energy development, energy consumption, lifestyles, and
global environmental protection” [5]. Energy literacy is fostered by energy education
regardless formal and informal with an effective manner. Hence, high expectations
are given to energy education to develop citizens and human resources for addressing

energy and environmental (EE) challenges.

1.1 Overview of energy education

1.1.1 Background

During the 1960s through the 1970s, it was much concerned about harmful devel-
opment to human beings and environmental destruction through human activities of
unprecedented economic growth, technological progress, and industrial development.
While this brought benefits many people, it was primarily caused by developed coun-
tries and influenced all of humanity [8].

Since the 1970s, educators and experts in environmental education have empha-
sized the application of knowledge and societal impact as educational outcomes [9)].
In 1975, The United Nations Declaration for a New International Economic Order
called for a new concept of development which takes into account the needs of every-
one and the harmony between humanity and the environment. That is environmental
education. The Belgrade Charter set the goal of environmental education to devel-
oping a population being aware of the environmental issues and cultivating their
knowledge, attitudes, skills, motivation, evaluation ability and efforts to address the
problem-solving, and preventing the next concerns [8]. The world’s first intergovern-

mental conference of environmental education in 1977 adopted the Thbilisi Declaration



which listed the categories of environmental education objectives, that are awareness,
knowledge, attitudes, skills, and participation [10].

In this era, the world faced two oil crisis in 1973 and 1979, has discovered the
ozone layer destruction in the 1980s, and has recognized global warming caused by
a large scale consumption of fossil fuels. The world’s concern has shifted to global
problems, and then, it has derived the concept of sustainable development. Sustain-
able development is defined in the Brundtland Report that “development that meets
the needs of the present without compromising the ability of future generations to
meet their own needs” [11]. The choices, decisions, and actions made at this time will
impact the future generation and society. The world is heading toward the new direc-
tion, value, and social reformation with overpopulation and limited natural resources.
Both individuals and society need to learn for constructing sustainable society.

In 1992, the United Nations Conference on Environment and Development (UNCED)
in Rio de Janeiro adopted the Rio Declaration and Agenda 21, which recognized the
importance of education for sustainable development (ESD) for raising public aware-
ness (Chapter 36, [12]). Education was viewed as a fundamental tool to accomplishing
sustainable development. Four major domains to act in ESD were identified as fol-
lows [13]:

e Improving access and retention in quality of basic education
e Reorienting existing educational programmes to address sustainability
e Increasing public understanding and awareness of sustainability

e Providing training to advance sustainability across all sectors.

In 2002, at the recommendation of Japan, a statement on the “Decade of ESD”
was included in World Summit implementation plan, and the decade from 2005 to
2014 was designated the United Nations Decade for ESD (UNDESD) [14]. This
international trend altered environmental education to be regarded education for
sustainable society [15]. The concept map by the Ministry of Education, Culture,
Sports, Science and Technology (MEXT, Japan) about ESD consists of eight pillars:
environment, climate change, energy, biodiversity, disaster prevention, international
understanding, world heritage sites and local cultural properties, and other areas of
study (Fig. 1.1 [16]). Learning energy is identified from the environmental education
and recognized its importance of improving public awareness of the energy choice,

use, conservation, and participation in discussions over energy issues.



Environment

International
Energy Understanding

ESD Basic Philosophy

Disaster [ Knowledge, values, ] World Heritage

behaviors, etc Sites and
: Local Cultural

Integrated environmental, Properties
economic, and societal
development

Climate
change
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In 2014, Japan hosted the World Conference on ESD. The conference adopted
the Aichi-Nagoya Declaration on ESD that called for all concerned stakeholders, in-
cluding not only governments but also civic orginazations and educational personnel,
and so forth, “urgent action to enable current generations to meet their needs while

allowing future generations to meet their own” [17].

In Japan, there are energy relevant topics in the subjects of science, social studies,
technology & home economics in the education curriculum in Japan. However, energy
education is not specified as one curriculum subject. It is recognized as part of
environmental education. The objective of environmental education in school was first
officially defined as “education that engages in solving global environmental issues”
in the first edition of Teacher’s Guide for Environmental Education for Elementary
School in 1991 [15]. Subsequently, it has been redefined in the second and third
editions to “ environmental education for a sustainable society” in response to the
UNDESD [15,18,19]. Although there is also no subject so called “environmental
education” in formal school education, a variety of learning of environment topics is
provided in the curriculum of science, social studies, technology & home economics
with encompassing the integrated study.

Since school year 2002, the MEXT Guidelines introduced the global environment
and energy issues from the comprehensive perspectives of science and social studies
classes [20]. In 2006, the Central Education Council (CEC) has indicated the direc-
tion to the current energy issues as a critical part of environmental education from

the perspective of a sustainable development society [21]. The goal of environmental



education indicates not only cultivating human resources with knowledge and un-
derstanding the energy issues but also enabling students with ability to proactively
participate in constructing a sustainable society [18].

To respond to social change, in 2008, the CEC stipulated a report that energy
topics are clearly positioned as a critical part of environmental education that is of
significant importance to be learned across subject boundary for the perspective of
harmonizing between humanity and environment for sustainable society [22,23]. Sub-
sequently, in new educational guidelines 2008 of Elementary and Junior High School,
the education topics regarding the environment, energy and resources including nu-
clear energy, and radiation have been expanded [22]. Tt is noteworthy that radiation

education has been resumed in 2012 after thirty years absence.

1.1.2 Energy education in school

On the basis of ESD concept, a variety of organization not only government but
also educational institutes, non-profit organization relevant to energy education have
assisted teachers’ energy education activity in school. They provide energy education
program, teaching materials, current energy data that can be used in school education,
and administer workshops for teachers to capacity building (e.g., [6,24-30]).

The European Commissions emphasizes the role of energy education to be aware
of the impact of choosing energy-efficient appliances and services that lead to the
success for energy reduction without compromising performance [26]. The Energy
Education Governance Schools (EGS) launched the Enrgy Revolution Project from
2008 to 2011 [30]. The concept of EGS is that energy literacy is important for
Europe’s economic and environmental future, and the energy topic must be an indis-
pensable part of the school curriculum to cultivate energy-literate citizens. According
to their survey at 39 schools from 10 countries for primary, secondary, and vocational
schools, the energy topic has been integrated into school curriculum in more than
80% of schools in principle with more than one subject. Then, the EGS aimed for
improving school capacity from the perspective of improving students’ awareness of
energy-efficiency and renewable energy sources to allow a reduction of environmen-
tal destruction. Moreover, the external networks such as students’ family and local
agents were created to share and disseminate knowledge, ideas, and motivation for
energy-efficiency into their community.

On the other hand, according to the survey of Special Eurobarometer 409 for
climate change (2014) reported that 50% of all Europeans think that climate change
is one of the most serious problems in the world, but the proportion of those who

agree to this idea ranges from 81% in Sweden to 28% in Estonia. Furthermore,



90% of Europeans think that their government should provide support for improving
energy-efficiency by 2030, while one fourth (25%) of Europeans think they feel a
personal responsibility to overcome climate change [31]. The need of energy-efficiency
is recognized by Europeans for tackling climate change but it is expected to their
government policy and leadership.

In the U. S., for example, the National Energy Education Development Project
(NEED) is working on energy education for over 35 years. Their work has begun the
same year when President Jimmy Carter issued a Proclamation 4738, “National En-
ergy Education Day” in 1980. Since its founding, the NEED has promoted kids’ and
students’ awareness of energy issues and educated teachers and society to improve
their energy literacy by creating effective networks among students, educators, and
energy-related leaders to achieving objective [32]. Moreover, the textbooks and ma-
terials of energy education produced by NEED have been shared to countries where
address energy education (e.g., [33,34]). The Wisconsin K-12 Energy Education
Program (KEEP) has been started by the Wisconsin Center for Environmental Edu-
cation since 1995 aiming for promote energy education in Wisconsin (the U. S.). They
recognize that students are needed the improvement of energy literacy, and energy ed-
ucation must be integrated part of the school curriculum to produce energy-literate
citizens. It is highly expected to improve citizen’s energy literacy for Wisconsin’s
economic and environmental future [35].

In spite of the longitudinal effort on energy education in the U. S., the survey of
American adults in 2005 indicated that the majority of respondents concern over en-
ergy prices, imported oil dependence, and agree with renewable energy development,
however, only 12% could achieve the 70% of correctness [36]. Subsequently, in the
2009 survey, 39% of respondents could not describe a name of fossil fuel nor 51% re-
newable energy, and 56% incorrectly answered the cause of global warming is nuclear
power and 31% solar power [37]. Bittle, the leader of the survey in 2009, concerns
that this lack of knowledge may be likely to be the biggest challenge the nation faces
on energy issues, and be greater than economic or technical problems [37].

In Japan, the MEXT supports for nuclear energy education by each prefecture
themselves to develop human resources in school with a pertinent and comprehen-
sive learning from the broad perspectives of energy, environment, science, technology,
and radiation [38]. Furthermore, the Japan Science Foundation (JSF) has under-
taken the Energy Education Model Schools Project since 2002 commissioned by the
Agency for Natural Resources and Energy, Ministry of Economy, Trade and Industry
(METT) [39]. The project introduces a school appoint system to learn four objectives:

energy security, global warming, energy resource diversity, and energy conservation.



More than 500 schools ranging from elementary to high school have been encouraged
by this project as an energy education practice model. The Japan Association of En-
ergy and Environmental Education (JAEEE) has established in 2005. The outstand-
ing of JAEEE is that it is consisted of faculties of department of Science, Technology,
Education and so forth where they address EE education, and teachers in broad ed-
ucational stage from the elementary to technical colleges [40]. They aim to providing
informative transmission on EE education both at home and abroad through the pro-
motion of theoretical and practical research [41]. The JAEEE has taken leadership
in creating effective networks to achieve the objective among teachers, educators,
business, government, academic researchers and in promoting the development of the
materials and practical methods of energy education.

Notwithstanding a variety of energy education practices have been reported and
accumulated by teachers and educators in recent years in Japan, neither a compre-
hensive education program focusing on energy issues nor a common evaluation of
energy education achievement have been presented by the official curriculum guide-
lines [42]. According to the survey of the Former Information Center for Energy and
Environmental Education in 2009, more than 90% of schools think that energy and
environmental education is important [43]. Eighty-eight percent (88%) of elementary
school and 66% of junior high school have addressed the environmental education,
while only 15% of elementary and 9% of junior high school have worked on the en-
ergy topics into the period for integrated study. More than half of respondents of
teachers in elementary and junior high school emphasized the need for producing the
consistent curriculum of energy and environmental education from elementary school
to high school. As similar to the situation of current environmental education pointed
out by Kodama [15], it is difficult to constantly provide sufficient energy education in
school without support by government unless energy relevant topics dispersed in the
teaching curriculum might be intentionally integrated by individual teacher [44]. Edu-
cators and researchers working on energy and environmental education have perceived
that energy education has not been disseminated into school education in Japan [43].

Furthermore, energy education in Japan has been facing major challenges after the
disasters of Great East Japan Earthquake, Tsunami, and accident of the Fukushima
Daiichi Nuclear Power Plant, Tokyo Electric Power Company Ltd. (TEPCO) on
March 11, 2011. After the nuclear accident, the government at that time undertook
severe measure of suspending operation of all nuclear power plants in Japan until a
new safety regulation allows operation resumption under the initiative of the Nuclear
Regulation Authority. People ignorance and misunderstanding about radiation and

radioactivity have expanded adversely the protests against nuclear power and the



damage of fears and rumors due to radioactive contamination. It is quite difficult to
provide energy education including nuclear energy as same as other energy sources
in the current controversial situation over nuclear energy and to enable students
understanding factual energy issues in Japan. Thus, the current energy education
in Japan is likely to depend on the contribution of teachers who produce their own
energy education while keeping the range of the given official education curriculum.

Japan is one of the largest energy consumers in the world and depends on 94%
imported energy resources. Since the disasters in 2011, the current energy situation
in Japan has been facing declining in the energy self-sufficiency ratio, increasing in
electric power costs, and increasing in the amount of C'O, emissions [45]. Every
single citizen is strictly required to understand the energy situation in Japan and to
participate in and take actions for problem-solving to overcome the energy issues [45].

Allocated time to the energy education is limited in a tight school curriculum. To
achieve effectively the goal of energy education that develops a well-informed public
with positive attitudes and behavior toward energy-related issues [46], it is of critical

importance to firstly confirm the requirements for an energy-literate individual.

1.2 Energy literacy definition

Numerous studies have been conducted to evaluate energy-related knowledge, at-
titudes, and behavior among the general public and students (e.g., [1,36,37,46-67]).
However, one of the limiting factors of studies that aim to measure these dimensions
is the range of topics and questions which are selected [9]. Because topics and ques-
tion items are linked to each purpose of the survey, it may be difficult to compare the
actual conditions of subjects. A survey instrument often focused narrowly or specifi-
cally on consumer-oriented topics or curriculum-based objectives is obviously limited
in its ability to measure general energy-related knowledge, attitudes, and behavior [9)].
Moreover, to provide an effective energy education, it is of paramount importance to
understand the status of students’ energy-related knowledge, attitudes, and behavior,
and to identify elements to be emphasized in energy education by evaluating their
learning outcomes. From the perspective above, the definition and conceptualization
of “energy literacy” is required.

1.2.1 Conception of literacy

The meaning of literacy has expanded from solely individual abilities to read and

write text and use, to the capacity to understand more complex views encompassing



the broad social issues [68]. DeWaters & Powers described that “literacy is not only
a way of knowing, but also a way of being curious, objective, and capable of assessing
and applying information and skills to make sound decisions and actions” [9].

Sato defines literacy as a common culture with functional literacy [69]. Literacy is
public culture which is educated, cultivated, and sophisticated through school educa-
tion to form the basis of social independence of individuals. Furthermore, knowledge
and information have been sophisticated, complicated, constantly updated in rapidly
changing societies, more advanced critical thinking and communicative abilities are
also required [69]. Hence, the literacy used with various terms nowadays, it refers
not only to knowledge but also to ability to select and judge necessary informa-
tion and to widely discuss social issues. That ability is also needed understanding
the issues to be solved are associated and entwined with a wide range of industry,
economy, and society, and making a decision and taking an action. Hence, energy
literacy can be considered a common culture to addressing energy issues and will
be cultivated through education as a fundamental competency of people concerning
energy problem-solving. It is highly expected to be able to clarify the goal of energy

education by defining energy literacy.

1.2.2 Definition of energy literacy

Lawrenz proposed that the ultimate goal of energy education is to develop a
“well-informed public with positive attitudes toward energy conservation” [46]. The
effective energy education is expected to promote not only knowledge outcome but
also values and attitudes toward energy-related issues and to encompass to energy-
saving behavior [9]. Therefore, energy literacy needs to include the broad aspects
regarding energy-related issues encompassing scientific, technological, environmental,
and social context.

The U. S. Department of Energy have defined energy literacy as “an understand-
ing of the nature and role of energy in the world and daily lives accompanied by
the ability to apply this understanding to answer questions and solve problems” [6].

Furthermore, they describe an energy-literate person:
e can trace energy flows and think in terms of energy systems.

e knows how much energy they use, for what purpose, and where the energy

comes from.
e can assess the credibility of information about energy.

e can communicate about energy and energy use in meaningful ways.



e is able to make informed energy use decisions based on an understanding of

impacts and consequences.

DeWaters & Powers have defined energy literacy in terms of three domains: cog-
nitive (knowledge), affective (attitudes, values), and behavioral. The definition of
energy literacy was developed based on the conceptions of scientific and technological
literacy, critical thinking ability, and environmental literacy. It was also taken into
account the curriculum materials, educational standards, and literature in the fields
of energy literacy and energy education [7,9]. The definition by DeWaters & Pow-
ers includes practical perceptions and efforts of individuals to engage energy-related

issues. It has been defined an energy-literate individual as one who:

e has a basic understanding of how energy is used in everyday life;

e understands the impacts that energy production and consumption have on all

spheres of environment and society;

e is cognizant of the impacts of individual, collective, and corporate energy-related

decisions and actions on the global community;

e is aware of the need for energy conservation and the need to develop alternatives

to fossil fuel-based energy resources; and

e strives to make choices, decisions and take actions that reflect these under-
standings and attitudes with respect to energy resource development and energy

consumption, and is equipped with the necessary skills to do so.

In Japan, the Information Center for Energy and Environment Education presents
the objective of EE education as following: developing studen’s in-depth understand-
ing of EE issues through various activities relevant to energy and the environment
and cultivating and fostering fundamental knowledge, skills, awareness to contribute
to solving energy-related issues with positive attitudes and appropriate actions [70].
Furthermore, on the basis of idea that energy choice should be decided by general
public as a whole, Hashiba et al. have emphasized more a multidisciplinary and
comprehensive understanding of energy system in society from the perspective of en-
ergy resources, production, transportation, storage, distribution, consumption, and
disposal [71].

Energy issues often intertwine with not only science and technology but social
aspects such as citizen, history, economics, politics, sociology, and psychology [6].

Hence, the definition of energy literacy ranges broadly from individual energy use
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in daily life to national and global issues. Improving individual energy literacy is
expected citizens participation in discussions on government energy policy for energy
choice, investment, development, and regulation. Therefore, the definition of energy-

literate individual in this study is as one who:

e recognizes life cycle of energy system and its impact on the environment from re-
source productions to energy distributions through energy transportation, con-

version, storage, and the waste management;

e understands the impact of our energy choices on economical efficiency, energy

security, and the environment;

e is aware of the necessity and effectiveness of individual contributions to the

energy-related problem-solving for developing sustainable society;

e strives to improve individual’s knowledge, skills, and ability to understand

energy-related information;
e cooperates with everyone addressing the energy-related problem-solving, and

e continues appropriate action for energy-saving.

1.3 Literature review

A number of studies have contributed to the understanding of people’s knowledge,
attitudes, and behavior about energy-related issues.

Although people are concerned about EE issues and want to contribute to problem
solving themselves, their basic scientific energy-related knowledge is insufficient [36,
37,48,50-52,54,55,72]. A random survey of Japanese adults with 1452 valid response,
authors reported that people of twenty to sixty-five years old could answer only 42%
correctly due to lack of energy relevant knowledge [73]. In particular, it seemed
to be difficult for respondents to answer the items relevant to economy and energy
(36% correct) and environment and energy (35% correct). A knowledge deficit and
misconceptions about energy become a barrier when people seek solutions to global
warming, and it may lead to inappropriate energy choices [50, 74, 75].

Frequently, findings indicate gender differences in which males show higher score in
the knowledge of energy-related issues than females [5,48,49,76,77]. Females tend to
represent positive attitudes to energy issues and conservation than males (e.g., [5,46—
48,76-78]). In contrast, it has been discussed that the number of science classes taken

contributed to the difference in the students’ levels of knowledge about environmental
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issues related to energy [53]. Namely, gender differences may be considered a by-
product of the disparity of literacy and interests in scientific issues [58,79].

Barrow and Morrisey [47,48] found that the efforts of implementing energy ed-
ucation based on energy crisis experience would cause a disparity in the knowledge
and attitudes of energy-related issues of ninth graders by a geographical comparison
between the U. S. and Canada. Another geographical comparison survey in Ehime
Prefecture in Japan found that students who live near the Ikata nuclear power plant
indicated a higher motivation for learning about energy than their counterparts. They
were more knowledgeable about power generation and alternative energy. Moreover,
they tended to think of energy associated with generation, whereas students who live
far from the nuclear power plant tended to think of energy by the contents of school
science classes [62]. More experience with energy would affect students’ motivation
toward energy issues and the contents of the energy education provided by a teacher.

A study of students in elementary, middle, and secondary schools in Japan in-
dicated that students’ behavior towards the EE issues were associated with their
family behavior [67]. Pe’er, Goldman & Yavetz [80] also suggested that the environ-
mental knowledge and attitudes of college students in Israel are positively related to
their mothers’ educational levels. Furthermore, effective energy education programs
improved students’ attitudes and energy conservation behavior and changed their
parents’ attitudes and behavior owing to the spillover effects of the students’ educa-
tion [61,81,82]. The interaction effects among students, parents, teachers, or other
adults could promote their energy-saving behavior, and students disseminated what
they have learned into their homes. The synergistic effect of students and family is
one of the critical factors to understand students’ energy literacy.

Yuenyong & Jones have reported regarding students’ ideas about energy related
to technological and societal issues through a comparative survey of the 9th grade
students between Thai and New Zealand [83]. Students in each country indicated
different values in decision-making on between society and energy. Thai students
value on the country development and believe in the application of science for social
problem-solving, while students in New Zealand prioritize the relation to environmen-
tal issues. They are skeptical about whether science can solve social problems, they
rather think it will damage the environment. It seems that Thai students tend to be-
lieve the country policy and development. Students’ ideas about energy-related issues
may vary at their attributes which are influenced by the socio-cultural perspective.

For a comparative study of energy literacy, DeWaters et al. [9, 84, 85] have es-
tablished an energy literacy framework and developed an instrument that consists

of energy-related knowledge, attitudes, and behavior that can measure by using a
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written closed-item questionnaire for a practical classroom application. Utilizing this
framework and instrument, their study reported that secondary students in New York
State (U. S.) were concerned about energy problems yet discouragingly low in the cog-
nitive domain, which implies that students may lack the knowledge and skills required
to contribute effectively toward energy-related solutions. Moreover, the strongest in-
tercorrelation between behaviors and attitudes rather than knowledge suggests the
need for education that improves energy literacy by affecting students’ attitudes and
behaviors rather than pursuing the amount of knowledge [5].

In response to the DeWaters & Powers work, several studies have adopted it to
evaluate students’ energy literacy in their own countries. Students in Taiwan scored
over 60% correct on a cognitive subscale, which was better relative to students in
New York State. Moreover, their energy-saving behavior was more closely associated
with attitudes than other variables. However, their finding of a notable discrep-
ancy between attitudes and behavior was indicated. Namely, there might not be a
correspondence between what students say they should do and how they actually be-
have [86]. In another comparative study of secondary students in Malaysia, in spite
of the government promotion of energy education in formal (Ministry of Education
Malaysia, 2002) [87] and informal [88] educations, the energy literacy of students was
discouragingly low. The results emphasize the need for improved energy education
programs in Malaysian public schools with broader coverage of topics related to cur-
rent events and practical issues such as energy use in everyday life [89,90]. Chen, S.
et al. conducted a confirmatory factor analysis to investigate the relationships among
energy-related knowledge, attitudes, self-efficacy, and influences of family behavior
toward the personal behavior of their son(s)/daughter(s) in high school in Taiwan
by structural equation modeling (SEM) [76]. The extent to which family members
perform for energy-saving affected most to students’ positive energy-saving behav-
ior. Conversely, a negative relation between knowledge and personal behavior was
evidently observed.

Although comparing each level of energy literacy components can be possible,
the relationships between knowledge, attitudes, and behavior are complicated. Ev-
idence from a number of studies has supported the relationship between attitudes
and behavior (e.g., [91-95]). While, many studies on energy literacy have reported
little correlation between EE knowledge and energy-saving behavior (e.g., [5, 56,57,
76,81, 86,96]). Increased knowledge does not alone lead to the altering people’s be-
haviors and lifestyles toward energy-saving nor does it affect the attitude-behavioral
consistency (e.g., [5,57,76,81,86,97-100]). However, knowledge is an important fac-

tor in overcoming psychological barriers, such as ignorance and misinformation, and
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making decisions to act. Its role is potentially complex, but necessary for successful
action (e.g., [97,101-104]). Even if relevant EE knowledge does not directly affect a
specific energy-saving behavior, it may implicitly facilitate a given behavior through
mediators, such as beliefs or confidence [105].

Earlier studies suggested that the amount of knowledge induces pro-environmental
intentions and behaviors (e.g., [106,107]). Hungerford & Volk assumed a simple lin-
ear model in which increasing knowledge induces positive pro-environmental behav-
ior by activating a person’s awareness and responsibility toward the environmental
issues [92]. Many researchers have claimed that this simple linear model is insuffi-
cient, and more complex relationships between knowledge and behavior have been
discussed (e.g, [56,95,108,109]). Despite having high knowledge of energy-related is-
sues, he/she does not necessarily carry out energy conservation or actions to promote
more sustainable energy-related future (e.g., [5,56,76,81,86]).

Fabrigar, Petty, Smith, & Crites have discussed that, while the amount of knowl-
edge does not affect attitude-behavioral consistency, people consider the relevance
of the dimensional complexity of the knowledge that underlies their attitudes and
behavior before deciding to act [110]. Because people’s attitudes, intentions, and be-
haviors are consistent with their beliefs, which reflect the information that they hold,
knowledge is one of the background factors that may influence a persons beliefs [111].
Although knowledge plays an inevitable role in energy literacy, the informative causal-
ity between knowledge and behavior has not been uncovered.

It is also vital important to understand people’s conceptual structure of knowledge,
attitudes, and behavior regarding EE issues in order to identify the factors to be

considered and emphasized in energy education.

1.4 Social psychological approach of energy liter-

acy structure

In psychology study, attitudes have been studied long time and used as important
predictors of behavior because they precede the person’s behavior toward an objective
or concept [112]. In the early study of attitudes, Thurstone attempted to measure
attitudes toward specific objective quantitatively in psychometrically scale [113].

Since the Thurstone’s contribution, social psychologists have attempted to con-
struct attitude formation, the structure of attitudes, attitude change, the function of
attitudes, and the relationship between attitudes and behavior (e.g., [112,114-117]).
From the typical definition of attitudes, Rosenberg & Hovland indicated that “at-

14



titudes are predispositions to respond to some class of stimuli with certain classes
of responses and designate the three major types of response as cognitive, affective,
and behavioral” [118]. On the contrary, Fishbein discussed that attitude is viewed
as a general factor of variables which predict behavior, and does not predispose the
person to perform the specific behavior. Rather attitude leads to a series of inten-
tions that have a certain amount of affect on the objective [119]. On the basis of this
concept, Fishbein and Ajzen developed the Theory of Reasoned Action (TRA) [119].
The TRA described that behavioral intention is predicted by attitude toward specific
object (behavior) and subjective evaluation of attitudes taking into account outcomes
and benefits from the object (behavior). Ajzen more improved the predictive power
of the TRA by adding perceived behavioral control, that is the Theory of Planned
Behavior [120].

This study investigates the energy literacy conceptual structure by employing
some theoretical models applied in various fields to understand people’s belief, atti-

tudes and behavior.

1.4.1 Theory of Planned Behavior (TPB)

As aforementioned, the TPB [120] was extended from the TRA (Fig. 1.2, the
part surrounded by a dashed line, [119]) to improve on the predictive power of the
model, observes an individual’s behavior, which is predicted by a behavioral intention
formed by attitudes toward the behavior, subjective norms, and perceived behavioral
control (Fig 1.2) [120]. The TPB focuses on the behavior itself and explains how
human action is influenced by main three factors of: an evaluation in favorable or
unfavorable to perform (attitude toward the behavior), perception of social pressure
to perform or not (subjective norm), and perceived capability to perform (perceived
behavioral control or self-efficacy [121]) [122]. These combinations form a behavioral
intention. Due to lack of sufficient information about all factors which may facilitate
performance of behavior, as long as people are realistic in their judgement, a measure
of perceived behavioral control can be a substitute for actual behavioral control and
contribute to predict the behavior [122]. The TPB explains human behaviour and has
been adopted into various fileds of study of the relationship among beliefs, attitudes,

behavioral intentions and behaviors.
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_________________________________________________ Theory of Reasoned Action
(Fishbein & Ajzen, 1975)
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Fig. 1.2. Theory of Planned Behavior.

1.4.2 Linear assumption on pro-environmental behavior

One traditional linear model of responsible environmental behavior suggests that
increasing knowledge would lead to environmental awareness and attitudes, which
derive more positive pro-environmental behaviors (Fig 1.3) [92]. Although a behav-
ioral change requires knowledge contributions to change attitudes toward the behav-
ior [91,109, 123], the relations between knowledge, attitude, and behavior have not
been supported by simple linear causal models in the field of environmental atti-
tudes and behaviors [5]. Thus, in this study, it was assumed that attitude plays a
role between knowledge and behavior from the results of an intercorrelation (e.g.,
[5,76,86]).

Knowledge about Environmental Pro-envi tal
environmental awareness or ro eélgfﬁl;l(zlril(r)r;en a
1ssues attitudes

Fig. 1.3. Traditional Linear Model of Responsible Environmental Behavior.

1.4.3 Value-Belief-Norm Theory (VBN)

The VBN theory [124] is principally founded on Schwartz’s Norm Activation The-
ory (NAT) [125], which focuses on the relationship between personal values, per-
sonal norms, and pro-environmental behavior that is determined by social motiva-

tion. The VBN was developed by Stern et al. as a causal model which explains
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the pro-environmental behavior is predicted by the personal norm activated by the
ascription of responsibility and awareness of consequences (Fig. 1.4). The awareness
of consequences connects the person’s environmental worldview, which is assessed by
the new ecological paradigm (NEP) [126]. The NEP is related to general value: altru-
istic values, egoistic values, traditional values, and openness to changes values. When

people’s behaviors are consistent with their beliefs, which reflect values that are based

on the knowledge that they have, the pro-environmental behavior are activated.
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Fig. 1.4. Value-Belief-Norm Theory.

The application of these theoretical models and predictors helps to explore the
complex relationships among energy literacy components. Research often employs a
questionnaire survey when the results need high external validity by random sampling
to obtain a sample of respondents that are representative of a population. Structural
equation modeling (SEM) is used to test for potential causal relationships in this
type of data [127]. This thesis adopts SEM to understand the conceptual structure

of energy literacy.

1.5 Study objective

To provide effective energy education in limited school curriculum, this study
investigates energy literacy and its conceptual structure of lower secondary students

in Japan. The reasons of subject selection are that:

e the energy topics in the compulsory curriculum are relatively fulfilling than

those in elementary school,
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e it is relatively possible to compare with other energy literacy studies which

adopted the same subject, and

e understanding energy literacy of adolescents who will affect directly and indi-
rectly future decisions through their energy-use, choice, and action, is highly

expected to give us some clues for effective energy education development.

First, the current status of students’ energy literacy in Japan is investigated by
a questionnaire survey, and given results are compared with those in the U. S. Sub-
sequently, the energy literacy structural model is constructed. The interactions of
moderation variables in the model are further analyzed in conjunction with energy
literacy. The applicability of proposed energy literacy model is assessed and the
differences in attributes in energy literacy to identify the characteristic of Japanese
students are explored. Last, acquired knowledge through this study are summarized,
and the findings which will contribute to the development of effective energy education

are provided.

1.6 Thesis structure

The overall structure of this thesis is as follows:
The significance and objective of this study were described in Chapter 1. Chap-
ter 2 describes the methodology of survey, questionnaires development, and statistical
analysis. Chapter 3 surveyes the current status of energy literacy of lower secondary
students in Japan, and compares with the results of students of middle school in
the U.S. (New York State) [5]. Chapter 4 explores a conceptual model of students’s
knowledge, attitudes, and behavior in energy literacy by employing a factor analysis
approach with the result of Chapter 3. An energy literacy structural model inte-
grated with the Theory of Planned Behavior and the Value-Belief-Norm Theory in
social psychology study is proposed in Chapter 5. In Chapter 6, the applicability of
the energy literacy structural model will be assessed through the international survey
in Thailand. Finally, Chapter 7 presents a summary of this study, limitations, and

its recommendations for future research.

18



Reference

1]

B. C. Farhar, “Trends in US Public Perceptions and Preferences on Energy and
Environmental Policy,” Annual Review of Energy and the Environment, vol. 19,
no. 1, pp. 211-239, 1994.

The Intergovernmental Panel on Climate Change (IPCC), “PRINCIPLES
GOVERNING IPCC WORK.” http://www.ipcc.ch/pdf/ipcc-principles/
ipcc-principles.pdf, 2013. [Online; accessed 2-Dec.-2017].

Core writing Team, R.K. Pachauri and L.A. Meyer (eds.), Climate Change 2014:
Synthesis Report. Summary for Policymakers. Contribution of Working Groups
I, II and III to the Fifth Assessment Report of the IPCC. Geneva, Switzerland:
IPCC, 2014.

UNFCCC, CF, “Adoption of the Paris Agreement,” I: Proposal by the President
(Draft Decision), United Nations Office, Geneva (Switzerland), no. s 32, 2015.

J. E. DeWaters and S. E. Powers, “Energy Literacy of Secondary Students
in New York State (USA): A Measure of Knowledge, Affect, and Behavior,”
Energy Policy, vol. 39, no. 3, pp. 1699-1710, 2011.

Office of Energy Efficiency & Renewable Energy, US, “Energy Literacy:
Essential Principles and Fundamental Concepts for Energy Education.”
https://energy.gov/eere/education/energy-literacy-essential-
principles-and-fundamental-concepts-energy-education, 2017. [Online;
accessed 30-Nov.-2017].

J. E. DeWaters and S. E. Powers, “Energy Literacy.” http://www.clarkson.
edu/cses/pdf/EnergylLiteracyPresentation.pdf, 2007. [Online; accessed
20-Apr.-2016].

United Nations Educational, Scientific and Cultural Organization (UNESCO),
“The Belgrade Charter,” Connect, pp. 1-2, 1975.

J. E. DeWaters and S. E. Powers, “Establishing Measurement Criteria for an
Energy Literacy Questionnaire,” Journal of Environmental Education, vol. 44,
no. 1, pp. 38-55, 2013.

United Nations Educational, Scientific and Cultural Organization (UNESCO),
“The Thilisi Declaration, Intergovernmental Conference on Environmental Ed-
ucation,” pp. 1-4, 1977.

19



[11]

[12]

[15]

[16]

[17]

[18]

[19]

[20]

G. H. Brundtland et al., “World Commission on Environment and Develop-
ment (1987): Our Common Future,” World Commission for Environment and
Development, 1987.

United Nations Conference on Environment & Develpment (UNCED),
“United Naions Sustainable Development. AGENDA 21.” https:

//sustainabledevelopment.un.org/content/documents/Agenda21.pdf,
1992. [Online; accessed 7-Dec.-2017].

C. Buckler and H. Creech, “Shaping the Future We Want, UNDESD (2005-
2014), Final Report,” 2014.

Ministry of Education, Culture, Sports, Science and Technology, Japan
(MEXT), “ESD Activities Around the World. UN Decade of Education
for Sustainable Development.” http://www.mext.go.jp/en/unesco/title04/
detail04/sdetail04/1375700.htm. [Online; accessed 30-Nov.-2017].

T. Kodama, “Environmental Education in Formal Education in Japan,”

Japanese Journal of Environmental Education, vol. 26, no. 4, pp. 21-26, 2017.

Ministry of Education, Culture, Sports, Science and Technology, Japan
(MEXT), “ESD (Education for Sustainable Development).” http://www.mext .
go.jp/en/unesco/title04/detail04/sdetail04/1375695 . htm. [Online; ac-
cessed 30-Nov.-2017].

United Nations Educational, Scientific and Cultural Organization (UN-
ESCO), “Aichi-Nagoya Declaration on Education for Sustainable De-
velopment .” http://www.unesco.org/fileadmin/MULTIMEDIA/HQ/ERI/pdf/
Aichi-Nagoya_Declaration_EN.pdf. [Online; accessed 30-Nov.-2017].

Center for Curriculum, National Institute for Education Policy Research
(NIER), Teacher’s Reference Materials for Environmental Education (Elemen-
tary School Edition). Tokyo: Toyokan Publishing Co. Ltd., 2007.

Center for Curriculum, National Institute for Education Policy Research
(NIER), Teacher’s Reference Materials for Environmental Education (Kinder-
garten/Elementary School Edition). Tokyo: Toyokan Publishing Co. Ltd., 2014.

T. Sajima, H. Takayama, and H. Yamashita, Energy Kankyo Kyoiku no Riron
to Jissen. Tokyo: Kokudosha co.,ltd., 2005.

20



[21]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Ministry of Education, Culture, Sports, Science and Technology, Japan
(MEXT), “Deliberation Progress Report of the Central Education Coun-
cil (CEC).” http://www.mext.go.jp/component/b_menu/shingi/toushin/
__icsFiles/afieldfile/2014/04/02/1212706_001.pdf, 2006. [Online; ac-
cessed 2-Dec.-2017].

Ministry of Education, Culture, Sports, Science and Technology, Japan
(MEXT), “Yochien, Shogakkou, Chugakkou, Kotogakkou Oyobi Tokubetsu-
Shien Gakkou no Gakushu Shidou Yoryo tou no Kaizen ni Tsuite (Toshin).”
http://www.mext.go.jp/b_menu/shingi/chukyo/chukyo0/toushin/__
icsFiles/afieldfile/2009/05/12/1216828_1.pdf, 2008. [Online; accessed
2-Dec.-2017].

H. Yamashita, Jizoku Kano na Shakai no Tameno Energy and Kankyo Kyoiku
—Ohbei no Senshin Jirei ni Manabu— Tokyo: Kokudosha co.,ltd., 2008.

National Energy Education Develpment Project (NEED), “National Energy
Education Development Project .” http://www.need.org/, 2017. [Online; ac-
cessed 30-Nov.-2017].

University of Wisconsin, Stevens Point, “Wisconsin K-12 Energy Education
Program (KEEP) .” https://www.uwsp.edu/cnr-ap/KEEP/Pages/default.
aspx, 2017. [Online; accessed 30-Nov.-2017].

European Commission, EDUCATION ON ENERGY. Teaching Tomorrow’s

Energy Consumers. Luxembourg: European Communities, 2006.

European Commission, “INTELLIGENT ENERGY EUROPE.” https:

//ec.europa.eu/energy/intelligent/projects/en/sectors/energy-
education?page=1, 2017. [Online; accessed 30-Nov.-2017].

BP International Limited, “BP Educational Service.” http://bpes.bp.com/,
2017. [Online; accessed 5-Dec.-2017].

eduscol, France, “Energy. Teaching Practices School, College, High School.”
http://eduscol.education.fr/cid48501/energie.html, 2009. [Online; ac-
cessed 30-Nov.-2017].

T. Langner, Join Us for the Energy Revolution! A Guide for actors in Schools
and Local Communities. EGS Project. Intelligent Energy Europe, Energy Ed-
ucation Governance Schools (EGS), 2011.

21



[31]

[38]

[39]

[40]

European Commission, Directorate—General for Climate, Special Eurobarometer
409. Climate Change. 2014.

National Energy Education Develpment Project (NEED), “About NEED.”
http://www.need.org/about, 2017. [Online; accessed 30-Nov.-2017].

T. Fujii, T. Saito, K. Yoshida, Y. lioka, and K. Jitsukawa, “Now We should
Discuss Energy —Introduce NEED’s Materials—,” Japan Society for Science Ed-
ucation, vol. 27, no. 3, p. BO1, 2012.

T. Fongsamootr, “Summary of Project on Promotion of Teaching about Energy
in Basic Education in Thailand by Ministry of Energy and Chiang Mai Univer-
sity (2009-2017),” Energy and Environmental Education Information Exchange
Meeting between Thailand and Japan in Tokyo, 2017.

Wisconsin K-12 Energy Education Program (KEEP), “Need for Energy Educa-
tion.” https://www.uwsp.edu/cnr-ap/KEEP/Pages/About/Need.aspx, 2017.
[Online; accessed 30-Nov.-2017].

The National Environmental Education & Training Foundation, “Understand-
ing Environmental Literacy in America and Making it a Reality. 3 year
report 2002/2003/2004.” http://files.eric.ed.gov/fulltext/ED522820.
pdf, 2005. [Online; accessed 20-Oct.-2014].

S. Bittle, J. Rochkind, and A. Ott, “The Energy Learning Curve.” http://www.
publicagenda.org/pages/energy-learning-curve, 2009. [Online; accessed
20-Oct.-2013].

Ministry of Education, Culture, Sports, Science and Technology, Japan
(MEXT), “Genshiryoku-Energy Kyoiku Shien Jigyo Kofukin Jigyo Hyoka
Hokokusho ni Tsuite.” http://www.mext.go.jp/a_menu/kaihatu/gensi/
1397548.htm, 2017. [Online; accessed 1-Dec.-2017].

Ministry of Economy, Trade and Industry, Japan (METI), “About the En-
ergy Education Model Schools Project.” http://www.enecho.meti.go.jp/
category/others/tyousakouhou/kyouiku/jisenkou/, 2014. [Online; ac-
cessed 20-Apr.-2016].

Japan Association of Energy and Environmental Education (JAEEE), “Message
from the President.” https://www.jaeee. jp/wp-content/uploads/Message_
President.pdf, 2017. [Online; accessed 1-Dec.-2017].

22



[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Japan Association of Energy and Environmental Education (JAEEE), “The
Aim of Establishment.” https://www.jaeee.jp/intent, 2017. [Online; ac-
cessed 1-Dec.-2017].

M. Eda, “3. Nihon no Energy Kankyo Kyoiku no Genjo to Kadai,” in Jizoku
Kano na Shakai no Tameno Energy and Kankyo Kyoiku —Ohbei no Senshin
Jirei ni Manabu— (Kagaku Gijutsu to Keizai no Kai, ed.), pp. 34-43, Tokyo:
Kokudosha co.,ltd., 2008.

Former Information Center for Energy and Environment Education (ICEEE),
Shoh—Chuu Gakkou ni Okeru Energy Kankyo Kyoiku no Atsukaini Kansuru
Anketo Chosa Kekka Hokokusho. 20009.

T. Hashiba, H. Yamashita, and A. Mitamura, “Promoting Program for Energy
and Environmental Education in Schools,” Journal of the Institute of Nuclear
Safety System, vol. 18, pp. 48-55, 2011.

Ministry of Economy, Trade and Industry, Japan (METI), “JAPAN’S
ENERGY. 20 Question to Understand the Current Energy Situation.”
http://www.enecho.meti.go.jp/en/category/brochures/pdf/japan_
energy_2016.pdf, 2016. [Online; accessed 7-Dec.-2017].

F. Lawrenz and A. Dantchik, “Attitudes toward Energy among Students in
Grades 4, 7 and High School,” School Science and Mathematics, vol. 85, no. 3,
pp- 189-202, 1985.

L. H. Barrow and J. T. Morrisey, “Ninth-Grade Students’ Attitudes toward
Energy: A Comparison between Maine and New Brunswick,” Journal of Envi-
ronmental Education, vol. 18, no. 3, pp. 1521, 1987.

L. H. Barrow and J. T. Morrisey, “Energy Literacy of Ninth-Grade Students:
A Comparison between Maine and New Brunswick,” Journal of Environmental
Education, vol. 20, no. 2, pp. 22-25, 1989.

J. R. Chapin, “Japanese and American Youth’s Knowledge and Attitudes on
Energy,” Journal of Social Studies Research, vol. 6, no. 1, pp. 17-21, 1982.

T. E. Curry, S. Ansolabehere, and H. Herzog, “A Survey of Public Attitudes

towards Climate Change and Climate Change Mitigation Technologies in the
United States: Analyses of 2006 Results, 47.” https://sequestration.mit.
edu/pdf/LFEE_2007_01_WP.pdf, 2007. [Online; accessed 20-Sept.-2016].

23



[51]

[52]

[53]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

B. C. Farhar, “Energy and the Environment: The Public View,” Renewable
Energy Policy Project, 1996.

J. S. Gambro and H. N. Switzky, “A National Survey of High School Students’
Environmental Knowledge,” Journal of Environmental Education, vol. 27, no. 3,
pp- 28-33, 1996.

J. S. Gambro and H. N. Switzky, “Variables Associated with American High
School Students’” Knowledge of Environmental Issues Related to Energy and

Pollution,” Journal of Environmental Education, vol. 30, no. 2, pp. 15-22, 1999.

C. F. Herrmann-Abell and G. E. DeBoer, “Investigating Students’ Understand-
ing of Energy Transformation, Energy Transfer, and Conservation of Energy
Using Standards-Based Assessment Items,” in NARST Annual Conference, (Or-
lando, FL), pp. 1-13, 2011.

B. Holmes, “Energy: Knowledge and Attitudes, A National Assessment of En-

Y

ergy Awareness Among Young Adults,” in National Assessment of Educational

Progress, (Colorado), ERIC, 1978.

M.-L. M. Hu, J.-S. Horng, C.-C. C. Teng, and C.-D. Yen, “Assessing Students’
Low Carbon Literacy by Ridit IPA Approach,” Journal of Hospitality, Leisure,
Sport and Tourism Education, vol. 13, pp. 202-212, 2013.

R. R. Jurin and L. Fox-Parrish, “Factors in Helping Educate about Energy
Conservation,” Applied Environmental Education and Communication, vol. 7,
no. 3, pp. 6675, 2008.

D. J. Kuhn, “Study of the Attitudes of Secondary School Students toward
Energy-Related Issues,” Science Education, vol. 63, no. 5, pp. 609-620, 1979.

L. Lutzenhiser, “Social and Behavioral Aspects of Energy Use,” Annual Review
of Energy and the Environment, vol. 18, no. 1, pp. 247-289, 1993.

W. F. Van Raaij and T. M. Verhallen, “A Behavioral Model of Residential
Energy Use,” Journal of Economic Psychology, vol. 3, no. 1, pp. 39-63, 1983.

N. Zografakis, A. N. Menegaki, and K. P. Tsagarakis, “Effective Education for
Energy Efficiency,” Energy Policy, vol. 36, no. 8, pp. 3226-3232, 2008.

T. Fukuyama, “Baseline Survey on Junior High School Students Knowledge and
Interest Concerning Energy in Ehime Prefecture,” The Bulletin of the Faculty
of FEducation, Ehime University, vol. 55, no. 1, pp. 145-151, 2008.

24



[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Cabinet Office, Government of Japan, “Public Opinion Survey on FEn-
ergy. Cabinet Office.” http://survey.gov-online.go.jp/h17/h17-energy/
index.html, 2005. [Online; accessed 10-Jan.-2014].

T. Hashiba, “Systematization of Energy Environment Education and Utiliza-
tion for Building a Mutually Rewarding Relationship between the Communities
and Nuclear Power Station,” Dissertation Submitted to the University of Fukui
for the Degree of Doctor of Engineering, pp. 1-114, 2010.

T. Misaki and T. Nakajima, “A Study on the Students’ Knowledge, Judgment,
and Action for Energy Problems (1): Comparison among the Fifth Graders of
Elementary Schools, the Second Graders of Lower Secondary Schools, and Sec-
ond Graders of high Schools,” Environmental Education, vol. 14, no. 3, pp. 25—
34, 2005.

T. Misaki and T. Nakajima, “A Study on the Students’ Knowledge, Judgment,
and Action for Energy Problems (2): Comparison among the Fifth Graders
of Elementary Schools, the Second Graders of Lower Secondary Schools, and

Second Graders of High Schools,” Environmental Education, vol. 14, no. 3,
pp- 3541, 2005.

S. Tanabe and H. Kado, “Energy and Ecology Education in Primary, Junior
and Senior High Schools of Kagoshima and Their Students’ Awareness,” The
Bulletin of the Educational Research and Development, Faculty of Education,
Kagoshima University, Japan, vol. 16, pp. 107-118, 2006.

R. Preston, “Understandings of Literacy,” in UNESCO, FEducation for All
Global Monitoring Report, UNESCO, ch. 6, pp. 147-159, Paris: Pergamon,
2006.

M. Sato, “Concept of Literacy and Its Redefinition [in Japanese],” Japan Society
for the Study of Education, vol. 70, no. 3, pp. 292-301, 2003.

The Information Center for Energy and Environment Education (ICEEE), “The
Guideline for Energy and Environment Education, 9.” http://www.iceee. jp/,
2013. [Online; accessed 20-Apr.-2016].

T. Hashiba, S. Oiso, T. Sajima, H. Takayama, H. Yamashita, M. Suzuki, A. Ishi-
hara, Y. Noguchi, R. Imoto, M. Senoo, T. Nakamura, and K. Maeda, “The

Development of Teaching Materials for Energy and Environmental Education

25



[72]

[73]

[74]

[80]

Integrated into Main Subjects in Schools,” INSS Journal, vol. 17, pp. 44-59,
2010.

S. T. Opitz, U. Harms, K. Neumann, K. Kowalzik, and A. Frank, “Students’
Energy Concepts at the Transition between Primary and Secondary School,”
Research in Science Education, vol. 45, no. 5, pp. 691-715, 2015.

M. Nakai, T. Okubo, and Y. Kikuchi, “Analysis on the Relationship between
Literacy and Energy Choices in Japan,” in 35TH USAEE/IAEE NORTH
AMERICAN CONFERENCE, (Huston, USA), United States Association for
Energy Economics, 2017.

Georgia, Energy & Gas, “Public Agenda: Americans Give U. S. Low Grades on
Key Energy Challenges.” http://gaenergy.blogspot.jp/2009/05/public-
agenda-americans-give-us-low.html, 2009. [Online; accessed 27-Apr.-2016].

N. Williams, “Energy Literacy: Why Telling the Story of Coal in Australia
Is Important to Its Long-Term Success.” http://cornerstonemag.net/
energy-literacy-why-telling-the-story-of-coal-in-australia-is-
important-to-its-long-term-success/, 2013. [Online; accessed 1-Nov.-
2017].

S.-J. Chen, Y.-C. Chou, H.-Y. Yen, and Y.-L. Chao, “Investigating and Struc-
tural Modeling Energy Literacy of High School Students in Taiwan,” FEnergy
Efficiency, vol. 8, no. 4, pp. 791-808, 2015.

C. Dwyer, “The Relationship between Energy Literacy and Environmental Sus-
tainability,” Low Carbon Economy, vol. 2, no. 03, pp. 123-137, 2011.

J. B. Ayers, “Rural Elementary Children’s Attitudes toward the Energy Crisis,”
School Science and Mathematics, vol. 76, no. 3, pp. 238-240, 1976.

B. C. Hayes, “Gender, Scientific Knowledge, and Attitudes toward the Environ-
ment: A Cross-National Analysis,” Political Research Quarterly, vol. 54, no. 3,
pp. 657-671, 2001.

S. Pe’er, D. Goldman, and B. Yavetz, “Environmental Literacy in Teacher
Training: Attitudes, Knowledge, and Environmental Behavior of Beginning
Students,” Journal of Environmental Education, vol. 39, no. 1, pp. 45-59, 2007.

C. Craig and M. W. Allen, “The Impact of Curriculum-Based Learning on
Environmental Literacy and Energy Consumption with Implications for Policy,”
Utilities Policy, vol. 35, pp. 41-49, 2015.

26



[82]

[83]

[84]

[85]

8]

[39]

[90]

A. Hiramatsu, K. Kurisu, H. Nakamura, S. Teraki, and K. Hanaki, “Spillover
Effect on Families Derived from Environmental Education for Children,” Low
Carbon Economy, vol. 5, pp. 40-50, 2014.

C. Yuenyong, A. Jones, and N. Yutakom, “A Comparison of Thailand and New
Zealand Students’ Ideas about Energy Related to Technological and Societal
Issues,” International Journal of Science and Mathematics Education, vol. 6,
no. 2, pp. 293-311, 2008.

J. E. DeWaters and S. E. Powers, “Energy Literacy among Middle and High
School Youth,” in Proceedings of the 38th ASEE/IEEE Frontiers in Education
Conference, (Saratoga Springs, NY), pp. 22-25, 2008.

J. E. DeWaters and S. E. Powers, “Designing an Energy Literacy Question-
naire for Middle and High School Youth,” Journal of Environmental Education,
vol. 44, no. 1, pp. 56-78, 2013.

L.-S. Lee, Y.-F. Lee, J. W. Altschuld, and Y.-J. Pan, “Energy Literacy: Evalu-
ating Knowledge, Affect, and Behavior of Students in Taiwan,” Energy Policy,
vol. 76, pp. 98-106, 2015.

Ministry of Education Malaysia, “Integrated Curriculum for Secondary Schools,
Curriculum Specifications, SCIENCE Form 2.” http://smjk.edu.my/attach/
/resource/9380c5£9992a4f5ec34261b1ad611409-hsp_maths_£f2.pdf, 2002.
[Online; accessed 25-Dec.-2016].

Centre for Education and Training in Renewable Energy. Ministry of Energy,
Green Technology and Water, “Kementerian Tenaga, Teknologi Hijau Dan Air.”
www.kettha.gov.my, 2009. [Online; accessed 1-Aug.-2016].

Y.-F. Lay, C.-H. Khoo, D. F. Treagust, and A. L. Chandrasegaran, “Assessing
Secondary School Students’ Understanding of the Relevance of Energy in Their

Daily Lives,” International Journal of Environmental and Science Education,
vol. 8, no. 1, pp. 199-215, 2013.

M. Karpudewan, J. Ponniah, and A. NurulazamAhmad, “Project-Based Learn-
ing: An Approach to Promote Energy Literacy Among Secondary School Stu-
dents,” Asia-Pacific Education Researcher, vol. 25, no. 2, pp. 229-237, 2016.

J. M. Hines, H. R. Hungerford, and A. N. Tomera, “Analysis and Synthesis of
Research on Responsible Environmental Behavior: A Meta-Analysis,” Journal

of Environmental Education, vol. 118, no. 2, pp. 1-8, 1987.

27



[92]

[93]

[98]

[99]

[100]

[101]

[102]

H. R. Hungerford and T. L. Volk, “Changing Learner Behavior through FEn-
vironmental Education,” Journal of Environmental Education, vol. 21, no. 3,
pp- 821, 1990.

P. W. Schultz, “The Structure of Environmental Concern: Concern for Self,
Other People, and the Biosphere,” Journal of Environmental Psychology,
vol. 21, no. 4, pp. 327-339, 2001.

P. C. Stern, “Toward a Coherent Theory of Environmentally Significant Behav-
ior,” Journal of Social Issues, vol. 56, no. 3, pp. 407-424, 2000.

G. Teksoz, E. Sahin, and C. Tekkaya-Oztekin, “Modeling Environmental Lit-
eracy of University Students,” Journal of Science Education and Technology,
vol. 21, no. 1, pp. 157-166, 2012.

I. Ajzen, N. Joyce, S. Sheikh, and S. Cote, “Knowledge and the Prediction of
Behavior: The Role of Information Accuracy in the Theory of Planned Behav-
ior,” Basic and Applied Social Psychology, vol. 33, no. 2, pp. 101-117, 2011.

R. Gifford and A. Nilsson, “Personal and Social Factors that Influence Pro-
Environmental Concern and Behaviour: A Review,” International Journal of
Psychology, vol. 49, no. 3, pp. 141-157, 2014.

A. De Leeuw, P. Valois, I. Ajzen, and P. Schmidt, “Using the Theory of Planned
Behavior to Identify Key Beliefs Underlying Pro-Environmental Behavior in
High-School Students: Implications for Educational Interventions,” Journal of
Environmental Psychology, vol. 42, pp. 128-138, 2015.

E. Ntona, G. Arabatzis, and G. L. Kyriakopoulos, “Energy Saving: Views
and Attitudes of Students in Secondary Education,” Renewable and Sustainable
Energy Reviews, vol. 46, pp. 1-15, 2015.

P. C. Stern, “Contributions of Psychology to Limiting Climate Change,” Amer-
tcan Psychologist, vol. 66, no. 4, p. 303, 2011.

M. D. Duerden and P. A. Witt, “The Impact of Direct and Indirect Experiences
on the Development of Environmental Knowledge, Attitudes, and Behavior,”
Journal of Environmental Psychology, vol. 30, no. 4, pp. 379-392, 2010.

J. Frick, F. G. Kaiser, and M. Wilson, “Environmental Knowledge and Con-

servation Behavior: Exploring Prevalence and Structure in a Representative

28



103]

[104]

[105]

[106]

[107]

[108]

109]

[110]

[111]

[112]

Sample,” Personality and Individual Differences, vol. 37, no. 8, pp. 1597-1613,
2004.

F. G. Kaiser and U. Fuhrer, “Ecological Behavior’s Dependency on Different
forms of Knowledge,” Applied Psychology, vol. 52, no. 4, pp. 598-613, 2003.

D. S. Levine and M. J. Strube, “Environmental Attitudes, Knowledge, Inten-

7

tions and Behaviors among College Students,
vol. 152, no. 3, pp. 308-326, 2012.

Journal of Social Psychology,

D. L. Ronis and M. K. Kaiser, “Correlates of Breast Self-Examination in a
Sample of College Women: Analyses of Linear Structural Relations,” Journal
of Applied Social Psychology, vol. 19, no. 13, pp. 1068-1084, 1989.

A. R. Davidson, S. Yantis, M. Norwood, and D. E. Montano, “Amount of
Information about the Attitude Object and Attitude-Behavior consistency,”

Journal of Personality and Social Psychology, vol. 49, no. 5, pp. 1184-1198,
1985.

C. A. Kallgren and W. Wood, “Access to Attitude-Relevant Information in
Memory as a Determinant of Attitude-Behavior Consistency,” Journal of Fax-
perimental Social Psychology, vol. 22, no. 4, pp. 328-338, 1986.

J. O. Jensen, “Measuring Consumption in Households: Interpretations and
Strategies,” Fcological Fconomics, vol. 68, no. 1-2, pp. 353-361, 2008.

A. Kollmuss and J. Agyeman, “Mind the Gap: Why Do People Act Environ-
mentally and What Are the Barriers to Pro-Environmental Behavior?,” Envi-
ronmental Education Research, vol. 8, no. 3, pp. 239-260, 2002.

L. R. Fabrigar, R. E. Petty, S. M. Smith, and S. L. Crites Jr., “Understanding
Knowledge Effects on Attitude-Behavior Consistency: The Role of Relevance,

2

Complexity, and Amount of Knowledge,” Journal of Personality and Social
Psychology, vol. 90, no. 4, pp. 556-577, 2006.

I. Ajzen, “The Theory of Planned Behaviour: Reactions and Reflections,” Psy-
chology and Health, vol. 26, no. 9, pp. 1113-1127, 2011.

S. Tuncalp and J. N. Sheth, “Prediction of Attitudes: A Comparative Study of
the Rosenberg, Fishbein and Sheth Models,” Advances in Consumer Research,
vol. 2, pp. 389-404.

29



[113]

[114]

[115]

116

117]

18]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

L. L. Thurstone, “Attitudes Can Be Measured,” American Journal of Sociology,
vol. 33, no. 4, pp. 529-554, 1928.

D. J. Bem, Beliefs, Attitudes, and Human Affairs. Brooks/Cole, 1970.

M. E. Fishbein, Readings in Attitude Theory and Measurement. John Wiley &
Sons, 1967.

2

Wikipedia, “Social psychology.” https://en.wikipedia.org/wiki/Social_
psychology, 2017. [Online; accessed 20-Oct.-2017].

Triandis, H. C., Attitude and Attitude Change. New York: John Wiley & Sons,
1971.

M. J. Rosenberg, C. I. Hovland, W. J. McGuire, R. P. Abelson, and J. W.
Brehm, Attitude Organization and Change: An Analysis of Consistency among
Attitude Components. (Yales Studies in Attitude and Communication) Vol. III.

New Haven: Yale Univer. Press, Inc., 1960.

M. Fishbein and 1. Ajzen, Belief, Attitude, Intention and Behaviour: An Intro-
duction to Theory and Research. Reading, MA: Addison-Wesley, 1975.

I. Ajzen, “The Theory of Planned Behavior,” Organizational Behavior and Hu-
man Decision Processes, vol. 50, pp. 179-211, 1991.

A. Bandura, “Self-Efficacy: Toward an Unifying Theory of Behavioral Change,”
Psychological Review, vol. 84, no. 2, pp. 191-215, 1977.

I. Ajzen and N. G. Cote, “Attitudes and the Prediction of Behavior,” in Atti-
tudes and Attitude Change (W. D. Carno and R. Prislin, eds.), ch. 13, pp. 289—
311, New York: Psychology Press, Taylor & Francis Group, 2008.

R. J. Prata, D. Ann-Maree, A. Muller, S. Pal, and N. Prata, “Lifestyles, Well-
Being and Energy,” in Global Energy Assessment (Sylvie Lemmet, ed.), ch. 21,
pp. 1527-1548, 2012.

P. C. Stern, T. Dietz, T. Abel, G. A. Guagnano, and L. Kalof, “A Value-Belief-
Norm Theory of Support for Social Movements: The Case of Environmental-

ism,” Human Ecology Review, vol. 6, pp. 81-97, 1999.

S. H. Schwartz, “Normative Influences on Altruism,” Advances in Experimental
Social Psychology, vol. 10, pp. 221-279, 1977.

30



[126] R. E. Dunlap, K. D. Van Liere, A. G. Mertig, and R. E. Jones, “New Trends
in Measuring Environmental Attitudes: Measuring Endorsement of the New

Ecological Paradigm: A Revised NEP Scale,” Journal of Social Issues, vol. 56,
no. 3, pp. 425-442, 2000.

[127] R. E. Schumacker and R. G. Lomax, A Beginner’s Guide to Structural Equation
Modeling (3rd ed.). New York, London: Routledge, Taylor & Francis Group,
2010.

31



Chapter 2

Methodology

2.1 Energy literacy framework

DeWaters & Powers established a working framework for developing instrument
which can measure energy literacy by employing a written, closed-item questionnaire
for students of middle and high school students in New York State [1] (Appendix A,
Table A.1 adopted from DeWaters and Powers [2]). The framework was extended
from conceptions of scientific, technological, and environmental literacy and criteria
were set for the questionnaire. Furthermore, the criteria are selected topics grounding
the current energy situation, and it will be necessary to be updated to accommodate
changes in science, technology, society, and the environment [1]. It is also noted
that the framework and criteria take account for the limitation imposed by both
geographical and cultural conditions. Therefore, the framework is applicable to de-
veloped countries, and some of criteria may probably be adapted only to certain areas,
the Northeastern United States.

The framework for instrument development consists of three domains: cognitive,
affective, and behavioral. Self-efficacy which explains person’s beliefs about his/her
contributions toward solving energy-related problems [3,4] is embedded within the
affective subscale (Fig. 2.1). The cognitive, affective, and behavioral domains are
categorized into sets of benchmarks to identify the characteristics within each at-
tribute of literacy. The framework can support to develop an instrument’s validity
and identifies a variety of topics relevant to energy issues.

Cognitive characteristics include cognitive skills such as critical analysis, problem
solving, and values clarification, which refer to basic scientific and technical content.
Moreover, it is also included knowledge which relates to consumer’s actions and de-
cisions through energy comsumption ratings for electric appliances, electric supply,

and fuel demands [5]. For example, there are listed regarding knowledge and un-
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derstanding of: basic scientific facts; issues related to energy sources and resources;
general trends in the country and global energy resource supply and use; the impact
of energy source development and use on society and the environment; abilities to
interpret, analyze, and evaluate, and abilities to examine energy-related information,
argument, costs and benefits [5].

While, affective and behavioral characteristics generally describe a person who
recognizes the current situation of global energy problems and exhibits a willingness
to take part in their solution [5]. For example, in the affective domain, there are listed
regarding: positive attitudes and values regarding awareness/concern with respect to
global energy issues; economic responsibilities related to sustainable energy resource
development and use; the potentiality of changing our lifestyles to solving energy
problems, and so forth. In the behavioral domain, there are listed regarding behaviors
toward energy conservation; thoughtful, effective decision-making and possibility to
change advocacy for energy issues, and encourages others to make wise energy-related
decisions and actions [5].

These criteria can be also applicable for assessing energy literacy of Japanese
people. Hence, this study adopted this framework which was established by DeWaters
and Powers [1], and some question items were modified to suit the current energy

situation in Japan.

Affective outcomes: Cogn|t|ve Cognitive outcomes:

Appropriate attitudes about « Basic content knowledge
energy production and use « "Energy facts of life”
« Acknowledge existence of (Practical knowledge)
global energy problems « Skills to find, objectively
« Energy conservation / assess information
environmental protection
« Significance of personal
decisions and actions

Energy
Literacy

Affective Behavior
embedded iehavior'al ogtcomgs:
ppropriate intentions /
*Self—efficacy behaviors regarding energy

consumption
» Promote energy conservation
» Make thoughtful objective
decisions
« Advocates change to improve
global energy situation

* Self-efficacy refers to a person'’s
belief about his/her own ability to
perform a specific behavior. Energy-
related self-efficacy, specifically, is
related to how effectively the
individual feels they can contribute
toward solving energy-related
problems.

Fig. 2.1. Concept of Three Domains in Energy Literacy Framework.
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2.2 Questionnaire development

There are two types of questionnaire developed. One is a basic questionnaire
consisting of cognitive, affective, and behavioral domains. It was utilized to assess
the energy literacy of Japanese students and to compare with the U. S. results.

Another questionnaire which was employed for modeling of energy literacy struc-
ture has been developed on the basis of the result of an exploratory factor analysis of
the first questionnaire survey, and additional survey variables of theoretical models

in social psychology study were designed.

2.2.1 A basic questionnaire for comparing with the U. S.

results

A basic questionnaire was developed and modified according to the the Energy
Literacy Survey for Middle School, Clarkson University [6]. It was translated into
Japanese wording, reformulated to suit domestic energy circumstance, and reflects
previous survey items in Japan. There are two items eliminated from the DeWaters’
original questionnare. One in the cognitive subscale was deleted because there were
two different data on the website in Japan in 2014 regarding the most electricity-use
home appliance [7,8]. The rest of two items in behavioral subscale were integrated into
one question as “I turn off the light and computer when I leave a room,” because the
past surveys in Japan have employed either one of both “the light” and “computer.”
As a result, fifty-five question items were selected to compare with the U. S. result [4].
A set of fifty-five items is denoted as 7'S55 (This Study 55 items) to discriminate from
other sets.

Furthermore, additional question items were administered by referring to the past
surveys in Japan regarding the awareness of energy, radiation, and environment [9-14].
For example, in the cognitive subscale, fourteen items were added such as: basic
understandings of energy; energy self-sufficiency and development in Japan; global
warming; a basic knowledge of radiation; resource development and its impact on
the environment; energy choices. Students also rated their attitudes and behavioral
trend regarding that “Energy-best-mix policy” of developing both renewable energy
and nuclear power, and strict burden by energy-saving regulation on economies, in-
dustries, and general public activities in Japan. Finally, a total seventy-three items
for Japanese students survey was developed, which consisted of forty-three items for
the cognitive, nineteen items for the affective, and eleven items for the behavioral sub-
scales. This set was denoted as T'S73. Inconsistent item of No. 33, “I obtain informa-

tion on global warming and energy-related issues through television and newspapers”

34



in the behavior subscale was eliminated beforehand.

Table 2.1 presents question items, where some of the phrases are adapted from the
DeWaters’ survey questionnaire for the middle students [6]. In the cognitive subscale,
a correct choice from multiple options is in bold in parentheses. Self-efficacy items are
indicated by the (Se) symbol, which is embedded into affective subscale. A reverse
question is indicated by the (R) symbol, which is allocated a reverse point. The *
symbol is the item which was eliminated for the comparison with the U. S.

Each subscale of T'S55 and T'S73 indicates the internal consistency and reliability
by Cronbach’s alpha values in the range between 0.66 to 0.78, which satisfied the
criteria for educational assessment. They are presented in Table 2.2 with DeWaters’
report (DW) [4]. 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 [15] and can be as low as 0.60 for educational assessment scales [16-19].

Cognitive items were prepared five-option multiple choice questions with one cor-
rect answer choice. Affective and behavioral scales were constructed using a variation
of the Summated Ratings Method used by Likert [20], with five-point bipolar adjec-
tive scales, which ranges from “extremely agree” to “extremely disagree,” and “always
to do so” to “not at all,” respectively.

Four items of self-efficacy were embedded within the affective subscale, which de-
scribe one’s beliefs about his/her contributions toward the problem-solving for energy-
related issues [3,4]. Self-rating questions that ask students about: (1) how much you
feel you know about energy; (2) when it comes to energy-use, how you describe your-
self; (3) one thing which has contributed most to your understanding of energy issues
and problems, and (4) the frequency of talking to your family about energy-saving,
were provided to examine differences between the energy literacy assessment and self-
rating report. Because some of studies have reported persistent concerns about the
response of self-reported behavioral measures among school children, it is necessary
noting what students show on a questionnaire is likely to be inconsistent with their
actual feelings or behaviors [5,21,22].

Finally, the questionnaire also includes demographic items which are gender,
school year, city they live in, experiences (energy education, energy-related facility-
tour), and family influences (family discussion of energy issues, home discipline in
energy-saving, and the age at which his/her parents have first requested energy con-
servation). The questionnaire which was used in school is presented in Fig. E.1 in
Appendix E.1. A summary of question items linked to the framework is presented in

Table 2.3. The items in bold number were added for this survey.
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Table 2.1. Basic Question Items of Energy Literacy Assessment (7S73).

No.

Question items

Cognitive subscale

36
37

38

39

40
41

42
43 *

44

45

48

49
50
51 *
52 *
93
54

55

56

o7

Each and every action on the earth involves. .. [2. Energy]

The amount of ELECTRICAL ENERGY (ELECTRICITY) we use is measured in units
called. .. [1. Kilowatt-hours (kWh)]

Which uses the MOST ENERGY in the average Japanese home in recent year? [2. Heating
and cooling rooms]|

One advantage to using nuclear power instead of coal or petroleum for energy is that...
[2. There is less air pollution]

Which of the following energy resources is NOT renewable? [2. Coal]

Which resource provides about 85% of the energy used in developed countries like Japan,
the United States, and Europe? [5. Fossil fuels]

The best reason to buy an appliance labeled “energy efficient” is. .. [4. using less energy]
The percentage of which our energy consumption depends on imported energy resources
is... [1. Almost 100%)]

It is impossible regarding energy to. .. [3. Build a machine that produces more energy
than it uses]

When you turn on an incandescent light bulb, some of the energy is converted into light
and the rest is converted into. .. [3. Heat]

Correct description about methane hydrate development in Japan [5. It deposits under
the seabed around Japan, but is difficult to extract and has not been put into
practical use]

Correct description about the CO5 emission increasing which causes global warming [5. For
the rapid development of industry, a large amount of fossil fuels have been
consumed]

If a person travelled alone to work 10km every day and wanted to save gasoline, which one
of the following options would save the MOST gasoline? [4. Carpooling to and from
work with one other person]

Proper description about the amount and cost of petroleum imported to Japan over the
past decade [4. Decreased and become more expensive]

Which energy resource was made by photosynthesis? [5. All of the above]

Incorrect description about radiation [3. It does not exist in foods or drinks at all]
The sector that consume oil MOST in Japan [4. Transport sector]

Which of the following statements best DEFINES energy? [4. The ability to do work]
Proper description about “renewable energy resources” [5. Resources that can be re-
plenished by nature in a short period of time than human beings use]

Which two things determine the amount of ELECTRICAL ENERGY consumed by an
electrical appliance? [4. The power rating of the appliance (watts or kilowatts),
and the length of time it is turned on]

Scientists say the single fastest and most cost-effective way to address our energy needs is
to... [3. Promote energy conservation]

Which resource provides MOST of the ENERGY used in Japan in 20107 [1. Petroleum]

to be continued
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Continued from the previous page

No. Question items

58 Many scientists say the earth’s average temperature is increasing. They say that one im-
portant cause of this change is... [4. Increasing carbon dioxide concentrations from
burning fossil fuels]

59 *  Correct description about energy [5. Any activity needs energy]

60 Which of the following energy-related activities is LEAST harmful to human health and the
environment? [5. Generating electricity with photovoltaic (solar) cells]

61 * Which of the following correctly describes oil depletion? [5. Oil depletion comes from
constraints of geological, economical and technological factors]

62 Which uses the LEAST ENERGY in the average Japanese home in recent year? [4. Light-
ing the home]

63 How do you know that a piece of wood has stored chemical potential energy? [3. It releases
heat when burned]

64 Most of the RENEWABLE ENERGY used in Japan comes from. .. [2. Hydro power]

65 * Incorrect description about nuclear power plant operating safely [5. Near nuclear power
plants have higher radiation dose than distant]

66 Which one of the following sources generates the most ELECTRICITY in Japan in the past
few years? [5. Natural gas]

67 All of the following are forms of energy EXCEPT... [5. Coal energy]

68 What does it mean if an electric power plant is 35% efficient? [5. For every 100 units of
energy that go into the plant, 35 units are converted into electrical energy]

69 * Correct description about energy resources development alternative to fossil fuels [1. The
idea of carbon neutral applies to biomass]

70 Appropriate description about resource production in Japan [3. Few fossil resources are
produced in Japan)]

71 Which lifestyle of the following choices ALWAY'S SAVES energy? [3. Less frequent wash-
ing until a certain volume of laundry is obtained]

72 Some people think that if we run out of fossil fuels we can just switch over to electric cars.
What is wrong with this idea? [1. Most electricity is currently produced from fossil
fuels (coal, oil, natural gas)]

73 * The MOST appropriate description about energy choices in current situation in Japan?
[4. It affects our energy consumption style]

74 * The MOST appropriate description about the environmental impact by energy resource
development and use [4. Any energy development and use affect the environment)]

75 *  Correct description about petroleum that Japan consumes most [4. Petroleum is im-
ported from the Middle East with high risks]

76 *  Appropriate description about abandoning nuclear power in Japan [3. Almost 100% of
energy supply in Japan will depend on imported resources]

77 *  Appropriate description about renewable and non-renewable energy [4. Renewable energy
is a source that is not depleted when used, non-renewable energy is a source
that is limited]

78 The original source of energy for almost all living things on the earth is... [1. the Sun)]

Affective subscale

to be continued
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Continued from the previous page

No. Question items

) We should make more of our electricity from renewable resources

6 (Se) I believe that I can contribute to solving energy problems by working with others

7 (Se) The way I personally use energy does not really make a difference to the energy problems
that face our nation (R)

8 More wind farms should be built to generate electricity, even if the wind farms are located
in scenic valleys, farmlands, and wildlife areas (R)

9 All electrical appliances should have a label that shows the resources used in making them,
their energy requirements, and operating costs

10 Saving energy is important

11 Efforts to develop renewable energy technologies are more important than efforts to find
and develop new sources of fossil fuels

12 The government should have stronger restrictions about the gas mileage of new cars

13 (Se) I don’t need to worry about turning off the lights or computers in the classroom, because
the school pays for the electricity (R)

14 * Burden on general public by strict energy-saving is poor reality in everyday life even if
energy issues are critical

15 We don’ t have to worry about conserving energy, because new technologies will be developed
to solve the energy problems for future generations (R)

16 Japanese should conserve more energy

17 Laws protecting the natural environment should be made less strict in order to allow more
energy to be produced (R)

18 I would do more to save energy if I knew how

19 More Geothermal power generation should be developed as they are discovered to increase
energy self-sufficiency ratio, even if they are located in areas protected by environmental
laws (R)

20 Japan should develop more ways of using renewable energy, even if it means that energy
will cost more (R)

21 (Se) I believe that I can contribute to solving the energy problems by making appropriate
energy-related choices and actions

22 Energy education should be an important part of every school’s curriculum

23 *  Need for the Energy-Best-Mix Policy which develops both nuclear power and renewable

sources in Japan as an energy insufficient country

Behavioral subscale

24
25
26
27

28
29 *
30
31

Many of my everyday decisions are affected by my thoughts on energy use

I am willing to buy fewer things in order to save energy

I always sort household waste according to the regulations

I am willing to encourage my family to turn the heat down at night or the air conditioner
temperature up when we’re not home to save energy

I always keep on running water when washing my teeth, face or shampooing (R)

I may change own idea if I understand that the energy choice is for sustainable society
When I leave a room, I turn off the light and computer

My family buys energy efficient compact fluorescent light bulbs

to be continued
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Continued from the previous page

No. Question items

32 *  Development of renewable energy is important, but the policy to become a burden on the
economic and industrial activities should be considered carefully

34 For energy-saving, my family sets the temperatures on the air-conditioners higher in summer,
lower in winter

35 I am willing to encourage my family to buy energy efficient compact fluorescent light bulbs

and home appliance.

End of the table

Table 2.2. Cronbach’s Alpha Values of TS73, TS55, and DeWaters’ Re-
port (DW [4]).

Questionnaire No. Cognitive Affective Behavior

of

items
TS73 73 0.78 0.66 0.68
TS55 55 0.70 0.68 0.66
DW 57 0.70 0.77 0.78
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Table 2.3. Summary of Question Items Categorized into the Instrument Develop-

ment Framework.

No. Framework

Total points &

of  Answer options

No. of question items No.

items
I. Cognitive domain 43 43 points
A. Knowledge of basic scientific facts 37,44,45,53,55,63,67,68,59 Choose one
correct an-

B. Knowledge of issues related to energy
sources and resources

C. Awareness of the importance of energy
use for individual and societal func-
tioning

D. Knowledge of general trends in the
country and global energy resource
supply and use

E. Understanding of the impact energy
resource development and use can
have on society

F. Understanding of the impact energy
resource development and use can
have on the environment impact

G. Knowledge of the impact individual
and societal decisions related to en-
ergy resource development and use can
have on the ability of societies to effec-
tively satisfy future energy needs

H. Cognitive skills

swer from five

multiple choices

40,43,50,52,54,57,66,78

36,38,62

49,6470

51,60,61,65,75

39,47,58,74

48,56,69,71,73

41,42,46,72,76,77

II. Affective domain
A. Awareness/concern with respect to

global energy issues

B. Positive attitudes and values regarding
prevention and remediation of societal
and environmental energy resource de-
velopment and use

C. Strong efficacy beliefs (self-efficacy)

19 95 points
5,9,10,11,15,22,23 Five-point bipo-
lar adjective

scales  ranging

143

from ex-

tremely agree”
to  “extremely
disagree”

8,12,14,16,18,17,19,20

6,7,13,21 (4)

to be continued
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Continued from the previous page

No. Framework No. of question items No. Total points &

of  Answer options

items
ITI. Behavioral domain 11 55 points
Predispositions to behave Five-point bipo-
lar adjective

scales  ranging

from “always”

to “not at all”
A. Willingness to work toward energy 24

conservation

B. Thoughtful, effective decision-making  25,31,32

C. Remains open to new ideas 29
Behavior

D. Willingness to work toward energy 26,28,30,34
conservation

E. Encourages others to make wise 27,35

energy-related decisions and actions

End of the table

2.2.2 A questionnaire for the energy literacy model inte-
grated with the TPB and the VBN

A new questionnaire was developed with the aim of examining the energy liter-
acy structural model including normative factors and attitudes—behavioral formation.
The hypothesis energy literacy model was designed integrating with the Theory of
Planned Behavior (TPB) and Value-Belief-Norm-Theory (VBN). The components are
composed with factors extracted by factor analysis for the 7'S73, and predictors of
the TPB and the VBN. Moreover, scientific literacy, critical thinking ability, and en-
vironmental literacy are evaluated. Self-rating items and demographics were included
as well as the basic questionnaire.

A total 136 question items are presented in Table 2.4. In the basic energy knowl-
edge section, a correct choice from multiple options is in parentheses in bold, and
items of cognition of environmental issues are categorized separately as CEIL. A re-
verse question is indicated by the (R) symbol, which is allocated a reverse point. In
the energy-saving behavior section, items of energy-use conscious behavior are cate-
gorized separately as ECB. Question items in each component that are selected by

assessing their validity and reliability were combined to produce an overall compo-
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nent score [23]. The questionnaire which was used in school is presented in Fig. E.2 in

Appendix E.2. The followings are descriptions of the components of the questionnaire.

Basic energy knowledge (BEK)

[tems were selected from the observed variables which were extracted for the energy
literacy conceptual model, and were scrutinized internal consistency and validity.
Students chose one correct answer from five multiple choice for twenty statements
regarding basic energy knowledge in which embedded five items relevant to the cog-

nition of environmental issues.

Awareness of consequences (AC)

Awareness of consequences refers to a disposition to perceive the adverse consequences
of one’s acts for values or valued objects during the decision-making process [24,25].
Students rated their responses to eleven statements about their awareness of conse-
quences regarding the EE issues [6,26,27]. Five-point bipolar adjective scales (e.g.,
from strongly disagree/definitely false to strongly agree/definitely true) was designed.

Ascription of responsibility (AR)

Ascription of responsibility refers to perceived ability that a person judges personally
responsible for the outcome, that is beliefs about responsibility for cause or ability to
reduce threats to any valued objects [27,28]. Students rated their responses to seven
statements about their responsibility toward the EE issues [6,26]. Five-point bipolar
adjective scales (e.g., from strongly disagree/hardly worry to strongly agree/always

worry) was designed.

Personal norm (PN)

Personal norm about EE issues is beliefs and personal obligation that are linked to
ones self-expectations about what ought to be done about various aspects of the EE
problem [25,27]. Students rated their responses to five statements about the personal
norm toward the EE issues [26,27]. Five-point bipolar adjective scales (e.g., from

definitely false/disagree to definitely true/agree) was designed.

Attitude toward the behavior (ATB)

“Attitude toward a behavior is the degree to which performance of the behavior is
positively or negatively valued, that is attitude toward a behavior is determined by
the total set of accessible behavioral beliefs linking the behavior to various outcomes

and other attributes” [29]. Students rated their responses to seven statements about
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their attitudes towards the energy-saving behavior [30]. Five-point bipolar adjec-
tive scales (e.g., from extremely unimportant/worthless/boring to extremely impor-

tant/valuable/interesting) was designed.

Subjective norm (SN)

“Subjective norm is the perceived social pressure to engage or not to engage in a
behavior” [31]. Students rated their level of agreement with nine statements about
the perception of social pressure to the energy-saving behavior [30,32]. Five-point
bipolar adjective scales (e.g., from definitely false/hardly ever/not at all to definitely

true/almost always/very much) was designed.

Perceived behavioral control (PBC)

“Perceived behavioral control refers to people’s perceptions of their ability to perform
a given behavior” [33]. Students rated their level of agreement with seven statements
how easy they think the energy-saving behavior is [30,32]. Five-point bipolar ad-
jective scales (e.g., from definitely false/impossible to definitely true/possible) was

designed.

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” [34]. 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 [34]. Students rated their levels of agreement with five
statements about their intentions toward energy-saving behaviors [6, 30, 32]. Five-
point bipolar adjective scales (e.g., from extremely unlikely/I definitely will not to

extremely likely/I definitely will) was designed.

Energy-saving behavior (ESB)

“Behavior is the manifest, observable response in a given situation with respect to a
given target” [35]. Students rated their level of agreement with thirteen statements
regarding energy-saving behavior, in which included two items of the energy-use con-
scious behavior [6,30,32,36,37]. Five-point bipolar adjective scales (e.g., from hardly

ever/not at all to almost always/very much) was designed.

Actual behavioral control (ABC)

“Actual behavioral control refers to the extent to which a person has the skills, re-
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sources, and other prerequisites needed to perform a given behavior” [38]. Even if
students want to act a preferable behavior for energy-saving, he/she will not be able to
do that unless he/she knows or has skills to do so. Students rated their level of agree-
ment with three statements regarding actual behavioral control. Five-point bipolar
adjective scales (e.g., from not difficult /absolutely disagree to very difficult /absolutely

agree) was designed.

Civic scientific literacy (CSL)

A sufficient level of civic scientific literacy is required for evaluating new science and
technology and their associated policies, and discussing these issues in society [39,40].
The concept of civic scientific literacy differs essentially from practical science literacy,
in other words, the acquisition of scientific information is not the same as the famil-
iarity with science and awareness of its implications [40]. Miller suggested the civic
scientific literacy is a minimal threshold level that (1) a basic vocabulary of scientific
terms and concepts to read a daily information, (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 [39,41]. In modern industrial societies, sound democracy
depends on well-scientific literate citizen [42]. Students’ civic scientific literacy was
measured by eighteen items, which consist of twelve from Kawamoto et al., Miller,
and NIESTEP [39,43,44] and six from Kusumi et al. and Mun et al. [45,46]. The

response option was set to “True,” “False,” and “Do not know.”

Critical thinking ability (CTA)

For obtaining objective facts from media messages; considering, analyzing, and evalu-
ating information; and understanding facts as well as possible [47-50], critical thinking
ability is indispensable in modern society. Ennis defined critical thinking as “reason-
able reflective thinking that is focused on deciding what to believe or do” [47]. It
is an intellectually disciplined process of conceptualizing, analyzing, and evaluating
information as a guide for belief and action [50]. Glaser stated that “critical think-
ing needs a persistent effort to examine any belief or supposed form of knowledge
in the light of the evidence that supports it and the further conclusions to which it
tends” [51]. To assess the critical thinking ability of Japanese students, it was adopted
that twenty-two items regarding “logical thinking,” “inquiring mind,” “objectivity,”
and “evidence based judgement”, which were employed in the study of Hirayama and
Kusumi for the investigation of effect of critical thinking disposition on interpretation
of controversial issues [52]. Students provided five-point bipolar adjective scales (e.g.,

from hardly ever/not at all to almost always/very much).
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New ecological paradigm (NEP)

UNESCO defined environmental literacy as a “basic functional education for all peo-
ple, which provides them with the elementary knowledge, skills, and motives to cope
with environmental needs and contribute to sustainable development” [53]. The ex-
isting environmental paradigm was revised by Dunlap et al. [54] to produce the new
ecological paradigm, which is a comprehensive pro-ecological worldview. In the new
ecological paradigm, groups with pro-ecology worldviews, beliefs, and concerns for
the environment can be identified. Since the space of the questionnaire was limited,
nine question items were implemented by adopting the suggestions of previous stud-
ies [26,55]. Students provided five-point bipolar adjective scales (e.g., from extremely
disagree to extremely agree).
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Table 2.4. Question Items for Energy Literacy Structural Model Integrated with
the TPB and the VBN.

Question items

Basic energy knowledge (BEK)

BEKO1 Each and every action on the earth involves... [2. Energy]

BEKO02 One advantage to using nuclear power instead of coal or petroleum for energy is
that... [2.There is less greenhouse gas emission]

BEKO03 How much does our energy consumption depend on imported energy resources?
(change to local content) [1. Almost 100%]

BEKO04 It is impossible to... [3. Build a machine that produces more energy than
it uses]

BEKO05 Which of the following is produced by photosynthesis? [5. All of the above]

BEKO06 Which of the following statements best DEFINES energy? [4. The ability to do
work]

BEKO07 Which two things determine the amount of ELECTRICAL ENERGY (ELECTRIC-
ITY) an electrical appliance will consume? [4. The power rating of the appli-
ance (watts or kilowatts), and the length of time it is turned on)]

BEKO8 Which of the following description is correct about energy? Energy... [5. is indis-
pensable whenever we act]

BEK09 How do you know that a piece of wood has stored chemical potential energy? [3. It
releases heat when burned]

BEK10 All of the following are forms of energy EXCEPT... [5. Coal energy]

BEK11 What does it mean if an electric power plant is 35% efficient? [5. For every
100 units of energy that go into the plant, 35 units are converted into
electrical energy]

BEK12 Which of the following choices ALWAYS SAVES energy? [3. Less frequent wash-
ing until a certain volume of laundry is obtained]

BEK13 Some people think that if we run out of fossil fuels we can just switch over to electric
cars. What is wrong with this idea? [1. Most electricity is currently produced
from fossil fuels: coal, oil, natural gas]

BEK14 Which of the following descriptions is correct about petroleum, which is the energy
source that our country consumes most? [4. There is a risk because petroleum
is imported from the middle east]

BEK15 The original source of energy for almost all living things on the earth is... [1. The
Sun]

CEIOl  The best reason to buy an appliance labeled “energy efficient”... [3. use less
energy]

CEIO2  Which of the following descriptions is correct about C'Oy emission increasing as the
cause of global warming? [5. Burning of large amounts of fossil fuels]

CEIO3  Many scientists say the earth’s average temperature is increasing. They say that
one important cause of this change is... [4. increasing carbon dioxide concen-

trations from burning fossil fuels]

to be continued
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Question items

CEI04

CEIO5

Which of the following energy-related activities is LEAST harmful to human health
and the environment? [5. Generating electricity with photovoltaic (solar)
cells]

Which of the following is the MOST appropriate description about the environmen-
tal impact by energy resource development and use? [4. Impact on environment

cannot be avoided when humans develop and use energy resources]|

Awareness of consequences (AC)

ACO1
ACO02
ACO03
AC0O4
ACO05
ACO06

ACO7
ACO8

ACO09

AC10
AC11

All electrical appliances should have a label that shows the resources used in making
them, their energy requirements, and operating costs

Saving energy is important

The government should place stronger restrictions on the gas mileage of new cars
People in our country should save more energy

If global warming progresses due to mass energy consumption, thousands of plant
and animal species will become extinct

If global warming progresses due to mass energy consumption, environmental
threats to public health will become serious

Energy-saving is beneficial for environmental protection and for my health
Massive consumption of fossil fuel causes global warming, environmental damage,
and affects people all over the world

Resource depletion by massive energy consumption will be a very serious problem
for the country as a whole

Climate change will be a very serious problem for me and my family

The destruction of tropical forests to meet humans’ demand will be a very serious
problem for me and my family

Ascription of responsibility (AR)

ARO1

ARO02

ARO3

ARO04

ARO5

ARO06

ARO7

Even if the school pays for the electricity, I should worry about turning off the lights
or computers in the classroom

Even if new technologies will be developed to solve the energy problems for future
generations, we should continue energy-saving

Even if it would be produced more energy for future, the laws of protecting the
natural environment should be made strictly

The way I personally use energy does really make a difference to the energy problems
that face our nation up

Every member of the public should accept responsibility for energy-saving to protect
the global environment

The authorities, not the public, are responsible for energy-saving and the environ-
ment (R)

I am not worried about energy-saving and the global environment (R)

Personal norm (PN)

PNO1
PNO02

I feel guilty when I squander energy
I feel I ought to save energy to prevent climate change and protecting the global

environment

to be continued
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Question items

PNO3

PNO4

PNO5

Business and industry should conserve energy consumption to reduce greenhouse
gas emissions to prevent climate change

The government should take a strong leadership in developing energy policy to
reduce greenhouse gases emissions and prevent global climate change

I feel a personal obligation to do whatever I can contribute including energy-saving

to prevent climate change

Attitude toward the behavior (ATB)

ATBO01
ATBO02
ATBO03
ATB04
ATBO05
ATBO06
ATBO07

For me energy-saving is important

For me saving energy is valuable

For me saving energy is effective

For me saving energy is interesting

Energy-saving will help us to reduce greenhouse gas emissions
Energy-saving will help us save money

Energy-saving will give us an opportunity to consider new lifestyle values

Subjective norm (SN)

SNO1
SNO02
SNO03
SN04
SNO05
SNO06
SNO7
SNO08

SN09

My family thinks that I should save energy

Most of the people who are important to me think that I should save energy

Most of the students in this class think that I should save energy

My family has saved energy

Most of the people who are important to me have saved energy

Most of the students in this class have saved energy

Most of the people who I respect appreciate my energy-saving behavior

Regarding energy-saving, I want to do what my important people are expecting
from me

Generally speaking, how much do you care about that the people around you think

you should save energy?

Perceived behavior control (PBC)

PBCO1
PBCO02
PBCO03
PBCO04
PBCO05

PBC06
PBCO7

For me saving energy is difficult (R)

energy-saving is up to me

I am confident that I can save energy

For me saving energy is possible

How often do you encounter unanticipated events that you can not do saving-energy?
R)

How often do you forget to save energy? (R)

How often do you feel that it is troublesome to save energy? (R)

Intention (INT)

INTO1

INTO02
INTO3
INTO04

If there were ten people around you, what do you think how many people save
energy? (Choose the number of 1-10 persons)

I am always thinking about ways to save energy

I will make an effort to save energy

I would do more to save energy if I knew how

to be continued
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INTO05

I believe that I can contribute to solving the energy problems through appropriate

energy-related choices and actions

Energy-saving behavior (ESB)

ESBO1
ESB02
ESB03

ESB04
ESBO05

ESB06
ESBO7

ESB08

ESB09
ESB10
ESBI11
ECBO01
ECB02

When I leave a room, I turn off the light

I always sort household waste according to the regulations

I usually set the temperature on the air-conditioners higher in summer and lower
in winter.

I turn off the computer when it is not being used

I always keep the water running when brushing my teeth, washing my face or
shampooing (R)

I try to choose appliances/products that are labeled “energy efficient”

When I (my family) travel to remote area, I use public transportation such as a bus
or a train instead of own car as possible

I cut down on my consumption of disposal items whenever possible, e.g., plastic
bags from the supermarket and excessive packaging at the department store

I try to reduce the amount of garbage that I produce

In the past six months, I have made an effort to save energy

For me to gain a better understanding of energy-saving is important

Many of my everyday decisions are affected by my thoughts on energy use

I am willing to buy fewer things to save energy

Actual behavioral control (ABC)

ABCO01

ABCO02

ABCO03

If T encountered unanticipated events that demand my time, it would make it diffi-
cult for me turning off the lights (R)

The difficulty of garbage separation would depend on less time or space to organize
it (R)

I feel that it would be difficult to solve energy issues by my own actions (R)

Civic scientific literacy (CSL)

CSL01
CSL02
CSLO03
CSLo4
CSL05
CSLO06
CSLO7
CSLO08
CSL09
CSL10
CSL11
CSL12
CSL13

CSL14

The center of the earth is very hot

All radioactivity is man-made

The oxygen we breathe comes from plants

It is the fathers gene that decides whether the baby is a boy or a girl
Lasers work by focusing sound waves

Electrons are smaller than atoms

Antibodies kill viruses as well as bacteria

The universe began with a huge explosion

The continents have been moving their location for millions of years
Human beings are developed from earlier species of animals

The earliest humans lived at the same time as the dinosaurs
Radioactive contaminated milk can be made safe by boiling it

The cause which adversely affects on humans and the environment isn’t necessarily
only one reason

One of reliabilities of scientific data requires the sufficient samples

to be continued
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CSL15
CSL16

CSL17

CSL18

The reliability of scientific data is based on reproducibility

The results among similar studies may become different according to the purpose
of survey or method

Comparison between controlled and uncontrolled groups can elucidate the cause
that has influenced

When I collect data or find information, I am able to find similarities and differences

Critical thinking ability (CTA)

CTAO01
CTA02
CTAO03
CTA04
CTAO05
CTAO06
CTAO7
CTAO08
CTA09
CTA10
CTA11
CTA12
CTA13
CTA14
CTA15
CTA16
CTA17
CTA18
CTA19
CTA20
CTA21
CTA22

I am good at thinking in orderly sequence about a complex problem

I can explain in way anyone can be convinced

When considering something complicated problems, I organize it methodically
I can strive to solve the difficult problems

I always think coherently

I want to learn a lot from various people

I want to continue learning new things over a lifetime

I think that it is significant to learn the people’s thoughts in other countries
I am interested in people who have different ideas from mine

I want to learn more about any kind of topics

I want to learn as much as possible, even if I do not know if it is useful
It is interesting to discuss with people who have different ideas

I want to ask a question if I do not know it

I try to make a decision without bias

I observe things in conformity with my belief

I think objectively about an issue when I make a decision

I try to think an issue with various points of view

I always think whether I have prejudice unconsciously or not

Even if its different opinion, I listen to it

When giving a conclusion, I stick to the evidence

I examine the evidences as many as possible when conclude it

I do accept any information without wondering or asking questions (R)

New ecological paradigm (NEP)

NEPO01
NEP02
NEPO03
NEP04
NEPO05
NEP06

NEPO7
NEPOS
NEP09

We are approaching the limit of the number of people the earth can support
When humans interfere with nature, it often produces disastrous consequences
Humans are severely abusing the environment

The earth has plenty of natural resources if we just learn how to develop them
Plants and animals have as much right as humans to exist

The balance of nature is strong enough to cope with the impacts of modern indus-
trial countries

Despite our special abilities, humans are still subject to the laws of nature

The earth is like a spaceship with very limited room and resources

If things continue on their present course, we will soon experience a major ecological
catastrophe

End of the table
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2.3 Statistical methodology

Completed questionnaires were returned from each school and students’ responses
in handwritten were input into the Excel spreadsheet by the author. Item which
has no response, ambiguous response, or multiple selection to the item without any
instruction were excluded from the aggregation for this study.

Item responses were converted into numerical scores in the same way as the inves-
tigation of secondary students in New York State (U. S.) by DeWaters & Powers [4].
Item responses to the cognitive subscale and basic energy knowledge were allocated
one point for each correct response and zero points for each incorrect response. In
civic scientific literacy, items were allocated one point for each correct response and
zero points for incorrect and “Do not know” responses. Five-point bipolar adjective
scales for the affective and behavioral subscales; awareness of consequences; ascrip-
tion of responsibility; personal norm, attitude toward the behavior, subjective norm,
perceived behavioral control; critical thinking ability, and new ecological paradigm
were converted into numerical scores from one point (least preferred responses) to five
points (most preferred responses) according to a predetermined preferable answer in
this study. Scores of self-efficacy embedded into the affective subscale in the basic
questionnaire were also calculated separately from the affective subscale. Because it
is important to know whether students feel that their individual efforts contribute
to solving energy-related problems [4]. The total scores for each subscales and com-
ponents were converted into a percentage of the maximum attainable scores as a
common scale for a simple comparison among the components.

The results were analyzed in subgroups: gender, school years, regions, and self-
ratings. In self-rating items, samples were dichotomized into positive and negative
response groups. Students who chose the positive two scales about the questions
were allocated to a positive group, and those who chose the negative two scales were
allocated to a negative group.

The mean values between subgroups were compared by a non-parametric statisti-
cal analysis using Mann-Whitney U Test and Kruskal-Wallis Test for multiple com-
parisons. The correlations between variables were evaluated with the non-parametric
Spearman’s rank correlation (p). Statistical analysis was carried out at the 0.05 sig-

nificance level with a two-tailed test and performed with Microsoft Excel and IBM
SPSS Version 23 and 24.
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2.3.1 Item analysis

Item analysis examines student responses to individual test items to assess the
quality of those items and test as a whole whether it should be improved or revised
question items [56]. There are several indices to examine question items, for example,
mean which is the average of students’ response and standard deviation which indi-
cates a measure of the dispersion of student scores on the item. In this study, item
difficulty and discrimination index were also employed.

Item difficulty (Df) [56] is relevant for determining whether students have already
known and learned the concept being asked. When items with one correct among
choices, item difficulty is equal to the mean of item. The index of item difficulty
ranges from 0 to 1 (or 100%), the higher the value, the easier the item. Ideal difficulty
levels for multiple-choice items in terms of discrimination potential are presented in
Table 2.5. Since the questionnaire in this study has been set five-response multiple-
choice, the ideal level of Df will be 0.7, which means over 70% of the students answer

questions correctly in the cognitive subscale.

Table 2.5. Item Difficulty Index (Df) [56].

Foramt Df
Five-response multiple-choice 0.70
Four-response multiple-choice 0.74
Three-response multiple-choice 0.77

True-false (two response multiple-choice) 0.85

Discrimination index (D) [56] indicates how well the question item can discrim-
inate between the high and low performance of respondents. The subscales were
discriminated by the highest and lowest 27%-scoring groups. The consensus of the
discrimination index is less than 0.2 and should be revised [15,57,58], and the ques-
tion items with the lowest discrimination index below 0.15 should be eliminated [59].
Although item analysis can be used to improve individual question items and to in-
crease the entire quality of the survey, some of cautions in using these results are
provided [60]. Ttem analysis data are not equal to item validity. By using the internal
criterion of total test score, item analyses reflect internal consistency of items rather
than validity. Furthermore, the discrimination index does not necessarily measure

item quality. There is a variety of reasons an item may have low discriminating
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power [56]:
e items that are extremely difficult or easy to discriminate are discriminatory,

e an item may show low discrimination if the test measures many different content

areas and cognitive skills,

e however, these items are often needed to make the research objective properly.

2.3.2 Structural equation modeling (SEM)

SEM is a methodology for representing, estimating, and testing a theoretical net-
work of (mostly) linear relations between observed variables and latent variables to
understand the patterns of correlation/covariance among a set of variables and to
explain as much of their variance as possible with the proposed model [61,62].

To explore the energy literacy conceptual model and the energy literacy structural
model, SEM was employed in this study. The concept of the energy literacy model
employed the relationship between attitudes and behavior in the TPB [63], and the
associations between environmental concerns, the awareness of consequences for val-
ued objects, and the ascription of responsibility for reducing threats [25] in the VBN
Theory [27].

To evaluate the model fitness, this study employed the following model fit in-
dices [64,65]. Because the Chi-square test of model-fit is sensitive to sample size and
is likely to lead erroneous conclusions on analysis results. When sample size increases
over 200, the x? statistic tends to indicate a significant probability level, while when
sample size decreases than 100, the levels of probability of y? statistic indicates non-
significant [64]. Descriptions of each indices are adopted from Hooper, Coughlan &
Mullen (2008) [65].

Goodness-of-fit index (GFI)

The GFI was created as an alternative to the Chi-Square test and calculates the pro-
portion of variance that is accounted for by the estimated population covariance [66].
By looking at the variances and covariances accounted for by the model it shows how

closely the model comes to replicating the observed covariance matrix.

Adjusted goodness-of-fit index (AGFI)
The AGFI which adjusts the GFI based upon degrees of freedom, with more satu-
rated models reducing fit [66]. Thus, more parsimonious models are preferred while

penalised for complicated models. In addition to this, the AGFI tends to increase
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with sample size.

Normed-fit index (INFI)
The NFI assesses the model by comparing the x? value of the model to the x? of the
null model. The null/independence model is the worst case scenario as it specifies

that all measured variables are uncorrelated.

Comparative fit index (CFI)

The CFT is a revised form of the NFI which takes into account sample size that per-
forms well even when sample size is small. The CFI assumes that all latent variables
are uncorrelated (null/independence model) and compares the sample covariance ma-

trix with this null model.

Standardized root mean squared residual (SRMR)

The SRMR are the square root of the difference between the residuals of the sample
covariance matrix and the hypothesised covariance model. The SRMR resolves the
problem of the difficulty for model interpretation by the root mean square residual
(RMR) that is calculated based upon the scales of each indicator (if a questionnaire

contains some items range from one to five and others range from one to seven).

Root mean square error of approximation (RMSEA)

The RMSEA tells us how well the model, with unknown but optimally chosen param-
eter estimates would fit the populations covariance matrix if it were available [67]. In
recent years it has become regarded as one of the most informative fit indices due to

its sensitivity to the number of estimated parameters in the model.

Akaike information criterion (AIC)

The AIC measure is used when comparing non-nested or non-hierarchical models es-
timated with the same data and indicates to the researcher which of the models is
the most parsimonious. The AIC value close to zero indicates a more parsimonious

model, and model fit and model parsimony.

The statistics of the GFI, AGFI, NFI, and CFI are expected larger than 0.95 for
the good model interpretation, the SRMR is expected less than 0.05, and the RMSEA
is deemed acceptable less than 0.08 [65,68]. The AIC was utilized to estimate the
validity of each model for selection.

Statistical analysis was carried out at the level of 0.05 significance and two-tailed
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test and performed using IBM SPSS Amos Version 23 and 24.

2.3.3 Conditional process analysis

To determine whether the boundary conditions affect the strength or direction
of the causal effect of a predictor on an outcome, this study employed a conditional
process analysis. Conditional process analysis is used when one goal of analysis is
to describe and understand the conditional nature of the mechanism or mechanism
that the variables transfer its effect to each other [69]. Here, the moderators, for
example, gender, grade, region, the presence of family discussion of energy-related
issues, civic scientific literacy and so forth which may affect differences in students’
energy literacy were tested to determine whether they would affect the energy literacy
structure by using a regression-based path analysis with PROCESS for SPSS, The
Ohio State University, Release 2.13.2 for estimating and probing the interaction and
conditional direct and indirect effects [69-72].

Conditional process analysis uses the terms of moderation, mediated moderation,
and moderated mediation [69]. Moderation is used for it provides a simple model when
the effect of predictor (X) on an outcome (V) is dependent on a moderator (M) or
conditional (Fig 2.2, Panel B the effect of XM ). Mediated moderation is a term used
to describe the phenomenon in which the moderation of an effect is carried to an out-
come Y through a mediator (M) (Fig. 2.3, Panel B the effect of XW). Lastly, if the
indirect effect of X on Y through (M) depends on a particular moderator (W), that
means that the indirect effect is a function of that moderator (M) (Fig. 2.3, Panel
B the effect of MW). In other words, when a conditional process model containing a
mediation process (X — M — Y) combined with moderation of the M — Y effect

by W, it is moderated mediation.

Conceptual form of moderation is depicted in Fig. 2.2, Panel A, which shows a
process in which the effect of a predictor (X) on an outcome (Y) is influenced or
dependent on a moderator (M). The equation indicates a conditional effect of X on

Y as follows ( [69], p. 214-215):

Y:Zy+b1X+b2M+b3XM—|—6Y (2].)

Conditional effect of X on Y = by + bsM (2.2)
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Fig. 2.2. A Conceptual (Panel A) and Statistical (Panel B) Diagrams Representing
a Simple Moderation Model with A Single Moderator M Influencing the Size of X'’s
Effect on Y (Adopted from Hayes 2013, P. 442 [69]).

This study also examines whether the mediation model that X affects Y through
a mediator M depends on a moderator, W (e.g., gender, grade, region, and so forth).
Fig. 2.3, panel A shows the model concept in which all three of the paths are mod-
erated by W. Its statistical diagram is presented in Fig. 2.3, panel B. The effects for
M and Y are calculated as follows ( [69], p. 409-412):

M =iy +a; X +aW +as XW + ey (2.3)

Y:Zy+C/1X+C/2W+CE)’XW—|—b1M—|—b2MW—|—€Y (24)

A conditional indirect effect of X on Y through M and a conditional direct effect

of X on Y are calculated with the following equations:

Conditional indirect effect of X on Y through M = (a; + a3W)(by + W) (2.5)

56



w
em
B ‘1
7
a; bl ey
as i 1
X 2 » Y
as Cp !
w cs
b,
XW
mMmw

Fig. 2.3. A Conceptual (Panel A) and Statistical (Panel B) Diagrams Representing
a Simple Mediation Model with All Three Paths Moderated by a Common Moderator
(Adapted from Hayes 2013, P. 410 [69)]).
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Conditional direct effect of X on Y = (¢} + W) (2.6)

The difference between the conditional indirect effect of X on Y through M when

W =w; and W = w, is expressed as

(a1+a3w1)(b1 —|—wa1)— (a1+a3w2) (berQCdg) = a1b2 (wl —w2)+a3b1 (wl —WQ)—i-agbg (w%—l—wg)
(2.7)

In case where the moderator W is dichotomous and coded 1 and 0, the index
of moderated mediation corresponds to the difference between the indirect effects in
the two subgroups. In the first and second stages of the mediation model when W
is coded 1 (e.g., male) and 0 (e.g., female), the weight for W based on Eq. 2.7 is
simplified to a;bs + asb; + asbe, which is the index of moderated mediation (See Hayes
2013, p. 411 [69)]).

The moderators of this study were coded as one and zero according to the survey
and the parameters were estimated using ordinary least squares (OLS) regression.
The mean of variables that are used to configure the mediation model are centered
beforehand [72].

2.4 Sample collection

2.4.1 Sampling bias and sample size

Sampling bias refers to errors that can occur in research studies by not properly
selecting participants for the study. Study participants should be chosen completely
randomly within the criteria of the study but without factors that might influence
the results. It risks the internal validity of a study if any bias exists in the choosing
of participants [73]. In the questionnaire survey, it is presumed that various statis-
tical biases exist. The respondents of this study does not necessarily estimate the
distribution of population of target since the survey was conducted by contribution
of teachers who are interested in EE education. It is impossible to avoid this kind of
bias always occurs in the sample survey. As a countermeasure against sampling bias,
one of methods is increasing the sample size for the population so that the sample
ratio falls within a certain error range.

According to the report on Basic Research on School in 2013 in Japan, the number
of students of lower secondary school was 3,536,182 [74]. The validity of random
survey is gauged by the survey’s margin of error and confidence level. The margin of
error is calculated by Eq. 2.8 [75]:
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- (2.8)

, where b is the margin of error and k is the confidence interval (CI) estimate of
the population mean which can be replaced with 1.96 for a 95% CI or 1.645 for a
90% CI or 2.575 for a 99% CI. N is population, n is the number of sample and o2 is

variance of population. Solving this equation for n goes to Eq. 2.9:

(2.9)

When the population is large and 1/N is smaller than 1 and (b/ko)?, the general

formula for calculating sample size needed is Eq. 2.10:

n= (%‘7)2 (2.10)

For example, a valid size n of sampling from a large population is 1067, where
the margin of error (b) is 3%, the confidence interval (k) is 95% (replaced with 1.96),
and the standard deviation of population rate (o) is 50%.

2.4.2 Sampling

This study conducted two surveys in Japan and one in Thailand. All of the
survey are targeted at students in the 7th, 8th, and 9th grades (ages from 13 to 15)
of lower secondary school. The printed questionnaires were distributed to students in
the classroom by each teacher and carried them out. Valid samples without missing
values were analyzed.

The first survey was carried out in March 2014 to explore energy literacy of lower
secondary students in Japan, and was compared with the result of DeWaters et al.
study [4]. A total of 1316 valid samples was analyzed. The second survey was
conducted in July 2016 to construct of an energy literacy structural model which was
integrated with the models of social psychology study. A set of 1070 valid samples was
analyzed. The latest survey was administered in March 2017 in Thailand to assess
the applicability of energy literacy structural model and to examine the difference in
attributes in the energy literacy. Valid 635 samples were analyzed.

Distribution of gender and grade differs according to the classes selected by each

school teacher, because it depends on the classes the teacher is in charge of. Therefore,
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this study did not carry out school comparison excluding the specific cases. Details

will be described in each section.
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Chapter 3

Energy literacy survey and a

comparison with the results of the

U. S.

3.1 Introduction

There are some studies of energy literacy survey of Japanese students targeting
lower secondary. For example, in the survey conducted energy literacy of students
in elementary, lower secondary, and high school, students who are interested in the
EE problems are more knowledgeable relevant to energy, and they mostly learn them
through television and radio [1]. The extent to students’ efforts to EE issues in
everyday life correlates with their family’s attitudes and behaviors for EE issues,
and this trend increases with the school year progression. In addition, many of
students recognize the importance of energy education and think that the EE issues
will become more serious in the future than the current situation. According to
the Misaki & Nakajima survey, school energy education provided to the students in
elementary, lower secondary and high school are more likely not to influence their
comprehensive judgement, knowledge and interest regarding energy [2,3]. It is also
reported students’ lack of knowledge, low interest, and low linking between judgement
and action related to energy issues. Inconsistency of these findings may be produced
by the different research instrument administered for each purpose of the survey.
On the other hand, as Fukuyama reported the difference of knowledge and interest
concerning energy between the students living near the nuclear power plant and far
from the facility [4], a geographical survey is effective in knowing how the practical

energy-related experience affect students’ energy literacy.
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Turning to the DeWaters’ result [5], the middle school students (MS) scored sig-
nificantly lower than those in high school (HS) on the cognitive subscale (40%, 44%,
p < 0.001), whereas the tendency is reversed on the behavioral sbscale (MS: 65%, HS:
63%, p < 0.001). Differences between the performance of MS and HS on the affective
subscale were less, but still significant, with the HS students scoring higher than MS
students (MS: 73%, HS: 74%, p < 0.05). There is no significant difference between
the two groups on self-efficacy (MS: 72%, HS: 71%). The school year progression does
not necessarily correlate positively with the energy literacy.

To understand the current status of energy literacy of lower secondary students in
Japan, the survey was conducted by applying the same question items of DeWaters’
survey, and the results were compared with the results of energy literacy of middle
school students in the U. S.

3.2 Method

3.2.1 Sampling

In March 2014, six lower secondary schools in Fukushima, Tokyo (two schools),
Kyoto (two schools), and Nagasaki participated in this survey (Fig. 3.1). The survey
was carried out in the classroom by each teacher.

In total without missing values, 1316 valid responses (64% out of the response rate
of 86%) from students in the 7th, 8th, and 9th grades (ages 13-15) were analyzed.
Sample distribution for six school is presented in Table 3.1. Because of the partici-
pation of two private girls’ schools, the gender distribution of the survey respondents
was 36% for male and 64% for female.

Taking into account the circumstances of students in Fukushima, samples were as-
sessed between regions divided into three groups: Fukushima, Tokyo (somewhat close
to Fukushima), and the western region (Kyoto and Nagasaki) far from the radioac-
tively contaminated area. The students in Fukushima have been facing difficulties
in their daily lives and educational environment since the multiple disasters of the
Great East Japan Earthquake, Tsunami, and the severe accident at the Fukushima
Dai-Ichi Nuclear Power Plant, Tokyo Electric Power Co. on March 11 in 2011.

In subgroups comparison, it was examined the consistency between student self-
assessment and energy literacy by dichotomizing the sample into positive and negative
response groups for self-rating items and home discipline in energy-saving. Students
who chose the positive two scales about these items were allocated to a positive group,

and those who chose the negative two scales were allocated to a negative group,
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the neutral response group was excluded to discriminate the difference between two

groups.

Fukushima
Kyoto (2)

Nagasaki ./Tokyo @)

N

Fig. 3.1. Locations of Survey Participants in 2014.

Table 3.1. Sample Distribution of the Survey 2014.

Schools N Male Female T7th 8th 9th Collection Rate of valid %

School .1 330 0 330 53 1589 118 494 66.8
School 2 312 163 149 76 137 99 472 66.1
School-3 132 67 65 69 0 63 174 75.9
School 4 106 51 55 27 30 49 207 51.2
School .5 405 196 209 157 158 90 647 62.6
School 6 31 0 31 0 31 0 48 64.6

Total 1316 477 839 382 515 419 2042 64.4

3.3 Result of energy literacy of Japanese students

3.3.1 Overall

The summary of the performance of cognitive, affective, and behavioral subscales
of the TS73 questionnaire is presented in Table 3.2. Internal consistency of Cron-
bach’s alpha values («) are ranging from 0.66 to 0.78, which satisfied the adopted
criteria for internal reliability in educational assessment (Chapter 2.2.1). The Cron-
bach’s alpha of affective subscale includes four items of self-efficacy. The discrimina-

tion indices of three subscales ranging from 0.17 to 0.27 were also acceptable (Chap-
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ter 2.3.1). However, there are some critical items with a low discrimination index less
than 0.15 including basic knowledge relevant to energy and domestic energy situation,
they are No. 43, 49, 50, 52, 53, 54, 61, 66, 67, 69, and 76 (Appendix B, Table B.1).
Since Hashiba [6] has reported that some of these items have been improved by pro-
viding the continuous energy education from the 6th grade in elementary school to
the 9th grade of lower secondary school, it is expected to develop teaching contents
that emphasize energy issues and its solutions, dissemination of these materials, and
continuous energy education throughout the country.

Japanese students still scored insufficiently on the cognitive subscale that is 0.4
(Df) toward the ideal difficulty level for five-response multiple choice items regarding
the discrimination potential, which is 0.7 (Chapter 2.3.1). The Standard Error of
Measurement (SE) is a practical index of score precision. There are precision errors
associated with any reported scores due to the fact that there are many variables
involved in any individual performance on the test [7]. Namely, result may vary
depending on participants condition. In general, a low SE value, less than 5%, is
an acceptable value for diagnostic purposes for a test as a whole. If one is scoring a
test on many subtest levels, for diagnostic purposes, then a SE value of 7.5% or less
is realistic on the subtest level [7]. In this study, the SEs ranging from 4.4-6.7 are
acceptable. The trend of students’ item selection of affective and behavior subscales
is shown in Tables B.2 and B.3 in Appendix B.

The energy literacy level of the lower secondary school students in Japan exhibited
a low score on the cognitive subscale, whereas relatively high scores on the affective

and behavioral subscales and self-efficacy.

Table 3.2. Overall Assessment of Energy Literacy of Lower Secondary Students in

Japan.
TS78 (N = 1316) Cognitive  Affective Self-efficacy Behavior
Median (%) 39.53 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) 0.40 - - -
Average discrimination index (D) 0.25 0.17 0.27 0.24
Reliability (a) 0.78 0.66 - 0.68
SE (%) 6.66 4.39 - 5.97
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3.3.2 Subgroups comparison

Table 3.3 presents a comparison between subgroups. In gender comparison, it was
indicated that the females scored higher than the males on the cognitive subscale
(males 38%, females 40%, p < .05). Moreover, females showed significantly greater
values than males regarding self-efficacy (males 67%, females 70%, p < .001) [5], while
there was no significant difference between genders on the affective and behavioral
subscales [8].

While considering the uneven sample distribution in the school years at each
school, a comparison between the grades were carried out by Kruskal-Wallis Test.
The 8th and 9th grades scored significantly higher than the 7th grade on the cognitive
subscale (8th: 40%, p < .05; 9th: 41%, p < .005; 7th: 37%), and the 9th grade scored
higher than the 7th grade on the affective subscale (9th: 70%, 7th: 68%, p < .05).
Both self-efficacy and behavioral subscale score did not differ among school years.

The disparity in the energy literacy between Fukushima and Tokyo was significant
on all subscales (p < .05), and Fukushima indicated the lowest mean values on all

subscales among the regions in this survey.
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Table 3.3. Subgroups Comparison of Gender, School Year Grade, Regions.

Cognitive Affective
N  Mean (%) SD (%) p Mean (%) SD (%) »p
Gender
Male 477 38.42 15.36 68.45 7.72
Female 839 40.16 13.66  * 69.35 7.37
Grade
7th grade 382 37.48 12.75 68.34 7.40
8th grade 515 40.10 14.48  * 68.82 7.36
9th grade 419 40.70 15.29  *x* 69.89 771 %
Fukushima, Tokyo, and the Western regions (Kyoto and Nagasaki)
Fukushima 405 35.19 12.73 67.32 7.17
Tokyo 444 41.37 14.75 ¢ 69.95 747 i
Kyoto & Nagasaki 467 41.56 14.42 ¢ 69.61 759 f
Self-efficacy Behavior
N Mean (%) SD (%) p Mean (%) SD (%) »p
Gender
Male 477 66.98 12.79 66.38 10.62
Female 839 69.98 1247 ¢ 67.14 10.59
Grade
Tth grade 382 68.23 12.46 66.18 10.63
8th grade 515 68.34 12.28 66.71 10.43
9th grade 419 70.18 13.24 67.66 10.77
Fukushima, Tokyo, and the Western regions (Kyoto and Nagasaki)
Fukushima 405 67.48 11.17 65.84 9.87
Tokyo 444 69.71 12.75  * 67.90 10.69 *
Kyoto & Nagasaki 467 69.35 13.70 66.77 11.06

* p < .05, ¥F* < 005, T < .001

3.3.3 Self-rating and energy literacy

Table 3.4 summarizes students self-assessment and energy literacy. The positive
respondents who self-described knowing about energy and save energy lifestyle indi-
cated higher score than the negative respondents on the affective and behavioral sub-
scales and self-efficacy (p < .01). These self-rating items did not indicate significantly
high scores on the cognitive subscale. On the other hand, students who have family
discussion about energy-related issues and those who have home discipline in energy-
saving scored significantly higher than their counterparts on all subscales (p < .01).
As such, the results between students’ self-rating and energy literacy were relatively

consistent.
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Table 3.4. Comparison between Energy Literacy and Students’ Self-Rating Report

and Presence of Home Discipline in Energy-Saving.

Cognitive Affective
Self-rating N  Mean (%) SD (%) p Mean (%) SD (%) »p
Self-described participants’ energy knowledge (high/low)
Know 111 41.29 16.84 71.38 8.44 7
Don’t know 693 37.89 13.49 68.00 7.54
Energy use patterns (the degree of energy use)
Save energy 227 37.02 13.71 70.10 7.89 k*
High user 425 42.52 14.53 ¢ 69.41 8.01
The extent to which discuss with their families about energy-issues
Talk a lot 223 43.26 14.98 ¢ 73.00 6.96
Not at all 708 37.57 13.68 64.47 7.40
Presence of home discipline in energy-saving
Yes 960 40.16 14.38  ** 69.91 720 ¢
No 356 37.85 14.04 66.62 7.80
Self-efficacy Behavior
Self-rating N Mean (%) SD (%) p  Mean (%) SD (%) »p
Self-described participants’ energy knowledge (high/low)
Know 111 73.78 13.40 ¢ 70.60 11.82 ¢
Don’t know 693 67.45 12.76 64.88 10.48
Energy use patterns (the degree of energy use)
Save energy 227 71.59 12.54  F** 71.00 11.14
High user 425 68.27 14.72 65.28 11.63
The extent to which discuss with their families about energy-issues
Talk a lot 223 75.25 1141 ¢ 72.87 991 ¢
Not at all 708 66.46 12.58 64.14 10.48
Presence of home discipline in energy-saving
Yes 960 70.35 1235 ¢ 68.71 9.96
No 356 64.96 12.69 61.86 10.69

*op < .01, ¥ p < .005, T < .001

Furthermore, the trend of the students’ selection on the most effective information
sources which contribute to their understanding energy-related issues are presented
in Fig. 3.2. They selected only one among twelve choices, and the sample that chose
more than two was eliminated beforehand. As a result, 1282 samples were analyzed.
Although school science class and TV /radio were chosen by approximately one third
participants (31%, 28%, respectively), these information sources did little affect stu-
dents energy literacy. Instead, students who selected books, newspapers/magazines,

and museums/exhibitions indicated higher score than those selecting other informa-
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tion sources (p < .05) (Fig. 3.3). Information sources selected actively may affect
students energy literacy. Each mean value of information sources and a result of

multiple comparison are presented in Appendix B, Table B.4 and B.5.
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Fig. 3.2. Students’ Self-Rating Report of Effective Information Sources Contributing
of Understanding Energy-Related Issues (N = 1282).
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3.3.4 Intercorrelation between subscales

The coefficients of Spearman’s rank correlation between each subscale are given,
and all were positive and significant (p < .01) (Table 3.5). As previous studies
have reported, this study also indicated that the affective subscale was more closely
correlated to the behavioral subscale than the cognitive subscale and that there was
little correlation between knowledge and behavior (e.g., [5,8-10]). Although there
was no significant differences in intercorrelations between gender and between the
school years, School 4 that indicated r = 0.511 (Table 3.6) may affect the correlation
between affective and cognitive subscales of 8th grade (r = 0.505) (Table 3.5), and it

should be noted that verification with a sufficient sample size is needed.

Table 3.5. Intercorrelations between Cognitive, Affective, and Behavioral Subscales.

N Affectivevs. Affective vs. Cognitive vs.
Behavior Cognitive Behavior
Overall 1316 0.465 0.432 0.145
Male 477 0.463 0.408 0.120
Female 839 0.466 0.449 0.159
7th grade 382 0.483 0.378 0.123
8th grade 515 0.413 0.505 * 0.127
9th grade 419 0.508 0.379 0.178

7th and 9th grades < 8th grade, * p < .05

Table 3.6. A Test of Intercorrelation between Six Schools.

N Affectivevs. Affective vs. Cognitive vs.
Behavior Cognitive Behavior

School_1 330 0.416 0.426 0.163
School 2 312 0.501 0.432 0.117
School_3 132 0.503 0.381 0.102 (ns)
School 4 106 0.530 0.511 0.195
School_5 405 0.430 0.349 0.123
School 6 31 0.480 0.314 (ns) 0.160 (ns)
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3.4 Result of energy literacy comparison between
the U. S. and Japan

Table 3.7 presents the results of comparison between Japan (7555 ) and the U. S. [5].
The energy literacy level of lower secondary school students in Japan indicated a
similar trend to those in the U. S. The number of response for each subscale (N)
in the U. S. report varies because student samples were eliminated for a particular
subscale if more than half of the responses were blank. A single respondent could
have acceptable results for one, two, or all three subscales [5] (Table 3.7). Therefore,
number of total does not match the sum of males and females.

Both Japan and the U. S. indicated similar tendency on all subscales and self-
efficacy, and they presented a low score on the cognitive subscale (JP 41%; US 40%,
p < .001). According to the DeWaters’ revision [11], there was no significant differ-
ence between the males comparison (Male: JP 40%, US 41%), while Japanese female
students scored higher than those in the U. S. (Female: JP 42%, US 40%, p < .05). It
can be discussed that the better result of Japanese students than the U. S. students
on the cognitive subscale depends on the females’ outcome. According to the pilot
tests that of DeWaters’ research for 35 college students enrolled in a renewable energy
course, and of this study for seven students of Graduate School of Human and envi-
ronmental Studies in Kyoto University, both students scored 74% [12] and 72% [13] on
the cognitive subscale, respectively. Therefore, it can be considered that the question
items of cognitive subscale were unlearned or unknown to lower secondary students in
both countries. In behavioral subscale, Japanese students scored significantly higher
than the U. S. (JP 66%; US 65%, p < .05), and it is likely a female contribution
(Femal: JP 67%; US 65%, p < .05). The result of both females’ high achievement
than the males on the affective subscale was supported by previous studies (affective:
JP female 70%, male 69%, p < .005; US female 74%, male 72%, p < .001) [5,9,14-19].
On the other hand, the US students scored significantly higher than those in Japan
on the affective subscale and self-efficacy (affective: JP 69%; US 73%; self-efficacy:
JP 69%; US 72%, p < .001). This outcome was also found in the intercorrelation
between the attitude and behavioral subscales (Table 3.8). There was significant
difference between Japan and the U. S. in the intercorrelation between the attitude
and behavioral subscales. It is more likely to be produced by the fact that the U. S.
scored higher than Japan on the affective subscale and self-efficacy (r = 0.54, US av-
erage of intercorrelations of the middle and secondary students; » = 0.41, JP TS555,
p < .005). The U. S. high performance on the affective subscale and self-efficacy

derived a stronger correlation with the behavioral subscale than those of Japan.
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Table 3.7. Mean Comparison of Energy Literacy between T'S55 (JP) and the U. S.

(US).
Subscale Contry N  Mean (%) p SD (%)
Cognitive JP overall 1316 41.17 1 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 7 10.45
JP male 477 68.70 8.25
US male 1144 72.28 f 10.99
JP female 839 70.08 7.91
US female 1099 73.90 ¢ 9.74
Self-efficacy JP overall 1316 68.89 12.67
US overall 2339 72.06 f 16.26
JP male 477 66.98 12.79
US male 1144 69.85 7 16.87
JP female 839 69.98 12.47
US female 1099 74.74  F 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
Table 3.8. Intercorrelation between 7'S55 and the U. S. (DW).
N Affectivevs. Be- Affective vs. Cognitive vs.
havior Cognitive Behavior

TS555 1316 0.41 0.39 0.09

DW mean 3254 0.54 0.38 0.16
(DW HS-MS range) (3254) (0.53-0.57) (0.32-0.45) (0.05-0.27)

T p <.001
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3.5 Discussion

The current status of energy literacy of Japanese lower secondary students have
been surveyed and compared with the U. S. students. First, it is discussed Japanese
students’ outcome regarding gender difference on the cognitive subscale, regional dif-
ference between Fukushima and Tokyo, and students’ self-assessment and energy lit-
eracy. And then, the details of individual question item are discussed by comparing
between Japn and the U. S.

3.5.1 Energy literacy of Japanese students

Gender difference on cognitive subscale

Despite previous studies have reported that the males achieved relatively superior
scores to the females on EE-related knowledge (e.g., [8,10,16,20,21]), the results of
this survey indicated that the females scored higher than the males on the cognitive
subscale (males 38%, females 40%, p < .05). One possible reason for the females’
better cognitive performance can be considered that one of the private girls’ junior
high schools which has excellent academic performance in the Kansai area (western
Japan) participated in this survey. Although this girls’ school has not implemented
energy education according to the teacher who was in charge of this survey, the stu-
dents achieved the highest mean score on the cognitive subscale among six schools
(44.3%, overall mean value is 39.5%, Table 3.2), and there was a significant difference
on the cognitive subscale between the overall mean and five schools excluding the
girls’ school (overall: 39.5%, without the girls’ school: 37.9%, p < .01). Therefore the
students of the private girls’ school may have raised the overall females’ performance
in the cognitive domain to be greater than that of male students. Although Gambro
and Switzky suggested that the number of science classes taken would contribute to
the level of high school students’ knowledge about environmental issues [21], there is
no difference in the number of science classes taken between genders in the compul-
sory education curriculum in lower secondary schools in Japan. Thus, it should be
taken into account that the gender difference on the cognitive subscale in the current
survey may be derived from academic achievement level rather the characteristics of

gender.

Difference of Fukushima from other regions
Although identifying the cause of low performance in Fukushima might be dif-
ficult, at least two points of view can be discussed. First, regarding the National

Educational Achievement Test in Japan, Fukushima represented the lowest perfor-
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mance among regions where the survey conducted, and it has not varied since the
year before the disasters [22]. In fact, students in Fukushima scored significantly less
than students in Tokyo on all subscales (See Table 3.3). Second, an economically,
socially, and educationally disadvantaged region may lower the level of community
environmental activeness [23]. After the Great East Japan Earthquake and Tsunami,
and the nuclear power plant accident occurred in March 2011, a large number of
people moved in and out of Koriyama City where the school located in to evacuate
from the radioactively contaminated area. This phenomenon has, however, converged
since 2013, the population of 13 to 15 years old in Koriyama has been decreasing com-
pared with the year before the disasters [24,25]. Although Koriyama City was not
designated as an evacuation zone due to radioactive contamination, students’ cir-
cumstances were dramatically changed by the evacuees from the disasters and the
nuclear accident. It should be taken into account of the deterioration in educational
circumstances through serious social situations and students’ unstable and inconve-

nient everyday lives during that period.

Self-rating performance

Students’ self-rating was almost consistency with their energy literacy. In par-
ticular, the high correlations between self-rating questions of family discussion about
energy issues and home discipline in energy-saving, and actual scores were found on all
subscales, implying that students who are enhanced energy-related knowledge, inter-
ests, and energy-saving behavior have more likely talked with their families regarding
energy issues.

On the other hand, it was indicated that books, newspapers/magazines, visiting
museums/exhibitions are likely to affect students’ energy literacy as the effective in-
formation sources contributing to their understanding energy-related issues. Further-
more, when comparing between three information source groups: school education
(Science, Social studies, Technical course & Home economics, and Integrated studies
period), active learning (Books, Newspapres/Magazines, and Museums/Exhibitions),
and other information sources including the internet, there were significant differences
(Table 3.9). Students who selected the active learning sources scored significantly
higher than those who selected school education and other sources on all subscales
and self-efficacy. It implies that information sources that students obtain actively
may further enhance students’ energy literacy. There are many polls that investigate
information sources which general public select to understand energy issues, however,
it can be considered that the information sources selected by people do not necessarily

contribute to the improvement of their knowledge, attitudes, and behavior that are
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required to cope with problem-solving. While, current school education does not seem
to have much influence on students’ energy literacy. It is noted that there has been
little changing since the survey of Misaki & Nakajima that have reported that energy
education in school is more likely not to affect students’ comprehensive judgement,

knowledge and interest regarding energy issues [2,3].

Table 3.9. Mean Comparison of Effective Information Sources between School Ed-

ucation, Active Learning, and Other Information Sources (N = 1282).

Cognitive Affective
N Mean (%) SD (%) p Mean (%) SD (%) »p

Information sources

School education 520 38.99 13.80 68.93 7.40

Active learning 157 43.39 15.36  *** 71.75 729 i

Others 605 39.24 14.24 68.51 7.43
Self-efficacy Behavior

N Mean (%) SD (%) p Mean (%) SD (%) »p

Information sources

School education 520 68.39 12.69 66.63 10.40
Active learning 157 72.45 13.19 69.58 9.63 FHX
Others 605 68.41 12.23 66.51 10.84

w6k ) <005, T < .001

3.5.2 Energy literacy comparison between the U. S. and Japan

It was found that Japanese students indicate higher achievement than the U. S.
students on the cognitive subscale. The difference can be discussed by the results of
the comprehensive academic achievement in PISA 2012 [26] and TIMSS 2011 [27,28].
PISA 2012 assessed the competencies of 15-year-olds in reading, mathematics and
science in OECD 65 countries and economies. Around 510,000 students between the
ages of 15 years 3 months and 16 years 2 months participated in PISA 2012 as a
whole representing about 28 million 15-year-olds globally. TIMSS 2011 is the series
of international assessments of student achievement dedicated to improving teaching
and learning in mathematics and science. The results summarize the fourth and
eighth grades student achievement in each of the 63 countries and 14 benchmarking
entities which participated in this survey. In these surveys, Japan ranked within top
ten in PISA 2012 and top five in TIMSS 2011, while the U. S. scored the OECD
average or below in PISA 2012, and in TIMSS 2011, the U. S. ranked the 11th for

mathematics and the 7th in science achievement. The high achievement of Japanese
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students on the cognitive subscale in energy literacy survey is more likely to be derived
by the fundamental ability in scientific and mathematical literacy.

The performance of both students on a sampling of the individual questions in
cognitive, affective, and behavioral subscales are presented in Table 3.10. The items,
however, are limited to those reported in the DeWaters & Powers report [5]. The cog-
nitive score is indicated by the percentage of correct answers. The students responses
to items on the affective and behavioral subscales are presented by the percentage of
students who responded to the positive two scales in a Likert-type question to each

item.

Table 3.10. Item Comparison of Attainable Score Percentage between Japan and
the U. S.

% Correct
Cognitive items JP US
Topic: Energy saving
42 The best reason to buy an appliance labelled “energy efficient” is... 83.1 76.4
56  Scientists say the single fastest and most cost-effective way to ad- 51.1 30.7
dress our energy needs is to. ..
Topic: Power and energy
37 The amount of ELECTRICAL ENERGY (ELECTRICITY) we use  36.6 10.0
is measured in units called. . .
55  Which two things determine the amount of ELECTRICAL EN- 44.3 43.7

ERGY consumed by an electrical appliance?

Topic: Home energy use

38 Which uses the MOST ENERGY in the average Japanese home in  49.8 34.9
recent year?

Topic: Basic energy concepts

45 When turning on an incandescent light bulb, some of the energy is  75.8 65.0
converted into light and the rest is converted into. . .

67 All of the following are forms of energy EXCEPT. .. 16.5 43.8

68 What does it mean if an electric power plant is 35% efficient? 35.9 41.2

Topic: Energy resources

54  Proper description about “renewable energy resources” 15.3 50.0

66  Which one of the following sources generates the most ELECTRIC- 8.2 20.9

ITY in Japan in the past few years?
70  Appropriate description about resource production in Japan 57.7 26.6
Topic: Critical analysis about renewable resources
72 Some people think that if we run out of fossil fuels we can just 36.2 50.3
switch over to electric cars. What is wrong with this idea?

Topic: Environmental impacts

to be continued
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Continued from the previous page

39 One advantage to using nuclear power instead of coal or petroleum 62.5 444

for energy is that. ..

% Positive response

Affective items JpP US

5  We should make more of our electricity from renewable resources  65.1 77.0

13 (Se) I don’t need to worry about turning the lights off in the class-  69.8 53.0
room, because the school pays for the electricity (R)

16  Japanese should conserve more energy 63.6 75.0

20 Japan should develop more ways of using renewable energy, even 24.3 37.3

if it means that energy will cost more (R)
21 (Se) I believe that I can contribute to solving the energy problems 45.6 67.5
by making appropriate energy-related choices and actions

% Positive response

Behavioral items JP US

24  Many of my everyday decisions are affected by my thoughts on 11.6 20.7
energy use

30 When I leave a room, I turn off the light and computer 76.1 65.0

End of the table

Energy knowledge

Energy saving No. 42: both students well knew that as energy efficient labelled
appliance save energy, and Japanese students scored more than the U. S. students (JP
83%; US 76%). Furthermore, No. 56: a half of Japanese students recognized energy-
saving as the fastest and most cost-effective way to address our energy demand, and
they scored more than those in the U. S. (JP 51%; US 31%). Although the five-
option multiple choices include resources and technology development, energy-saving
is the most critical for the sustainable future and should be facilitated throughout
the world.

Power and energy No. 37 and 55: over 40% of both students knew two things
(watts or kilowatts multiplied by the time it’s used) that determine the amount of
energy consumed by an electrical appliance. However, only 10% of the U. S. and 37%
of Japanese students could identify the unit we use to measure electric energy. It was
still poor for high school students in the U. S.; indicated 19% correct response [5].

Home energy use No. 38: although it may be difficult identifying specific home
energy use patterns, almost half of students in Japan recognized that heating and
cooling rooms consumes energy most, and this score was better than those in the
U. S. (35%).

Basic energy concepts No. 67: the U. S. students scored better than Japanese
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students on the basic energy concepts, energy forms (JP 16%; US 44%). Opitz et al
reported that students scored highest on items for energy forms, whereas lowest for
energy conservation through the investigation for students’ progression in understand-
ing four aspects of energy (forms and sources of energy, transfer and transformation,
degradation and dissipation, and energy conservation) at the transition from primary
to lower secondary school [29]. Therefore, for Japanese students it is necessary to
further acquire basic energy concepts. No. 45 and 68: Although 76% of Japanese stu-
dents understood that light bulbs convert electrical energy into heat as well as light,
only one third could respond correctly to the meaning of 35% energy efficiency. En-
ergy is the ability to do work. During energy is converted from one form to another,
the amount of energy does not change, while the quality of energy has decreased ir-
reversibly unless other energy input. As Duit pointed out, when introducing ‘energy’
to the lower grades (e.g., grades 7-10), it is needed to explain a very simple notion of
entropy which is one of basic but important energy concepts [30].

Energy resources No. 54: a half of students in the U. S., compared with 15%
Japanese students, could define renewable energy resources. For Japan, the discrimi-
nation index of this item is very low (D = 0.061). Although, one teacher participated
in this survey suggested the wording “renewable energy” seems to be difficult for these
ages, cognition and definition of energy terms are important to learning energy issues.
No. 66 and No. 70: the U. S. students scored about 20% on these items respectively
regarding domestic energy supply and resource production, while Japanese students
indicated uneven scores, 8% and 58%. The latter is likely to learn in school social
studies class, whereas the former is the current energy issues. Because all nuclear
power plants were suspended the operation since the nuclear accident in 2011, the
dependence on imported natural gas has increased in Japan. Interestingly, 39% of
Japanese students, however, selected “nuclear power” as an energy source that gen-
erates the most electricity in Japan in the past few years. It may be considered that
after the nuclear disaster, students were often exposed to the opportunity to touch
the word “nuclear power” increasing in daily life through media, schools, and homes,
and it may have influenced them.

Critical analysis about renewable resources No. 72: the discrimination index was
good (D = 0.36) and the upper-27% group, however gained 56%, the average score of
Japanese students was still lower than the U. S. students (JP 36%; US 50%). It should
be understood the limitations of switching electric cars since most of the electricity
is produced by fossil fuels.

Environmental impacts No. 39: more than half of Japanese students recognized

that the nuclear power contributes less air pollution than fossil fuels. They scored
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more than the U. S. students (JP 62%; US 44%).

The basic energy knowledge required for energy choices is that the ability which
can analyze the entire process of energy that affects our lives and the environment,
which is from resource productions to energy distributions through transportation
and conversion [31]. Since the cognitive subscale has been designed beyond topics in
school curriculum to measure not only the amount of EE knowledge but also abil-
ity needed for decision-making in energy choices, Japanese students may have been
given unknown and unlearned questions. Notwithstanding, Japanese students with
insufficient in comprehensive energy education demonstrated better outcome on the
cognitive subscale than the middle school students in the U. S. with long history in

energy education.

Energy-related affect and behavior

On the other hand, the amount of knowledge did not contribute to the affective
subscale and self-efficacy rather the U. S. middle school students scored higher than
those in Japan. No. 13 and 30: Japanese students scored better than those in the
U. S. on items related to turning off the power, while on other items, they could not
perform better than the U. S. students. More than 70% of students who recognize
energy-saving discipline at home responded that their parents have introduced them
energy-saving by the age of 10 years old and over 90% of those were disciplined until
graduating from elementary school. The distribution at the age between 10-12 can
be considered as age heaping that is the tendency of people to round their age to the
nearest 5 or 10 [32] since students cannot remember the actual age they disciplined.
Considering their age (13-15 years old), however, the Great East Japan Earthquake
occurred when they were in elementary school, energy-saving and power conservation
must have been raised as a critical topics at home, in school and society. Habit such
as turning off the power does not need specific investment and facility, and anyone
can do with a little effort. Although energy-saving of Japanese students does not
necessarily ground on energy use consciousness (No. 24: 12%), forming of an energy-
saving habit contributes to energy conservation throughout the society and gradually

may reshape social norms [33].

3.6 Conclusion

By employing and modifying the energy literacy instrument developed by DeWa-
ters & Powers [34], energy literacy of lower secondary students in Japan has been

surveyed through 1316 samples.
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The knowledge level was discouragingly low. While female students scored higher
than the males on the cognitive and self-efficacy subscales. The 8th and 9th graders
scored significantly higher than the 7th graders on the cognitive subscale, and scores
of affective and behavioral subscales and self-efficacy does 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).
Students who positively responded to the existence of discussion of energy-related is-
sues with their family, and home discipline in energy-saving scored significantly higher
on all subscales than their counterparts. The results of students’ self-rating were
almost consistent with their energy literacy. Active learning such as books, newspa-
pers/magazines, and museums/exhibitions more contributed to improving students’
energy literacy than school education as an effective information sources to under-
standing energy-related issues. The intercorrelation between the affective and behav-
ioral subscales was rather close, while there was little correlation between knowledge
and behavioral subscales.

Comparing with the U. S. middle students, Japanese students indicated higher
scores than those in the U. S. on the cognitive subscale. While, the U. S. students
scored significantly higher than Japanese students on the affective subscale and self-
efficacy. This result may contribute to reinforce the intercorrelation between the
attitude and behavioral subscales for the U. S. students than those in Japan, and has
produced the significant difference from the outcome of Japan. Through the com-
parative survey, it can be discussed that the amount of knowledge does not necessar-
ily affect other domains in energy literacy of Japanese students. As such, in order
to encourage continuous pro-environmental and energy conservation behavior, it is
of importance of the improvement of individual energy-related self-efficacy through
actions and experiences that they can recognize their contribution to objectives of
energy-related issues. Effective energy educational programs should take into ac-
count contents which emphasize not only knowledge but impact students’ attitudes,

values, and behavioral change.
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Chapter 4

Investigating a conceptual model of

energy literacy

4.1 Introduction

To understand the relationship of students’ concept between knowledge, attitudes,
and behavior in energy literacy, an energy literacy conceptual model was explored by
an exploratory factor analysis (EFA) on the basis of the result of Chapter 3. An EFA is
a heuristic approach when a researcher does not have a substantive theoretical model
and extracts the latent variables used in strucutral equation modeling (SEM) [1].
Furthermore, to determine whether the boundary conditions affect the strength or
direction of the causal effect of a predictor on an outcome, a conditional process

analysis is employed.

4.2 Method

To determine the components of the energy literacy conceptual model, the EFA
was carried out for three subscales using the maximum-likelihood method and Promax
rotation. The number of factors by eigenvalue attenuation and proper interpretation
of the criteria that the boundary value of the factor score was set larger than 0.35 were
employed. Moreover, the minimum two observed variables were used to define each
latent variable. As a result, three factors consisting of fourteen observed variables for
the cognitive subscale, five factors of seventeen observed variables for the affective
subscale, and three factors of eleven observed variables for the behavior subscale were

set for exploring the energy literacy model. A set of forty-two variables was computed
by EFA again.
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4.2.1 Components of the energy literacy conceptual model

Employing the results from the energy literacy assessment and its factor loading,
32% of the raw data contributed to the interpretation of the energy literacy conceptual
model. The six latent variables consisting of twenty-five observed variables were
extracted. They are two cognitive, two affective, and two behavioral components
to configure the energy literacy conceptual model, and were denoted as basic energy
knowledge (BEK), cognition of environmental issues (CEI), awareness of consequences
(AC), ascription of responsibility (AR), energy-use conscious behavior (ECB), and
energy-saving behavior (ESB) (Table 4.1). Cronbach’s alpha values for the internal
consistency of factors were in the range of 0.52-0.70. This study adopted these values
by conducting a confirmatory factor analysis to “specify a certain number of factors,
which factors are correlated, and which observed variables measure each factor” [2]

to explore the energy literacy conceptual model.

Table 4.1. Six Latent Variables and Their Abbreviations for Energy Literacy Con-
ceptual Model.

Domain Latent variables Abb.
Knowledge Basic energy knowledge BEK
Cognition of environmental issues CEI

Attitude Awareness of consequences AC
Ascription of responsibility AR

Behavior Energy-use conscious behavior ECB
Energy-saving behavior ESB

The means, standard deviations, and factor loadings of the components measured
by twenty five observed variables are summarized in Table 4.2, where some phrase-
ology were adopted from Chen, S. et al. [3]. Internal consistency, Cronbach’ alpha
value was presented along with name of factors (*). A mark of ‘a’ (affective), ‘b’
(behavior), ‘¢’ (cognitive), and ‘se’ (self-efficacy) is set with question number (**).
Reverse items (R) were converted into reverse score (***).

The correlation coefficients among the six latent variables are presented in Ta-
ble 4.3, which are all significant. The fitness indices, 0.957 for the GFI and 0.934
for the AGFI, were satisfied for values larger than 0.900; the SRMR of 0.056 and the
RMSEA 0.053 were acceptable.
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Table 4.2.

Energy Literacy Conceptual Model.

Means, Standard Deviation, and Factor Loadings of Components of

No. Question Items Mean (%) SD BEK AC ECB AR ESB CEI

F1: Basic energy knowledge (BEK) (o = 0.70)*

68c**  The meaning of 35% efficient elec- 35.9 0.48 0.581 -0.034 -0.016 0.045 0.011  -0.076
tric power plant

75¢ The oil import trend in Japan 45.4 049 0.538 0.079 -0.072 0.032 -0.005 -0.055

T2c Wrong idea of electric car can be 36.2 0.48 0.480 0.001 0.024 -0.060 -0.001  0.011
useful instead of running out

T4c Environmental impact by develop- 40.4 0.49 0.456 -0.004 0.022 0.032 0.037  -0.095
ing energy sources

60c The least harmful energy-related 58.5 0.49 0.448 -0.058 0.105 -0.011 -0.045 0.339
activities to human health and the
environment

55¢ Two things determine the amount 44.3 0.50 0.429 0.025 -0.015 0.012 -0.016 0.064
of electricity consume

Tlc The way of energy consumption re- 66.3 0.47 0.381 -0.004  0.009 0.009 0.006 0.142
duction

F2: Awareness of consequences (AC) (a = 0.69)

16a Japanese people should save energy 77.1 0.98 -0.017 0.705 -0.028 0.034 -0.015 -0.056
more

18a Intention to contribute energy con- 73.3 1.03 0.014 0.542 0.225 0.097 0.025  -0.036
servation if I know how

10a Energy saving is important 89.0 0.82 0.022 0.529 -0.199 -0.019 0.167 0.125

12a Strong government regulation on 68.4 1.00 0.008 0.509 0.065 -0.082 0.029 -0.075
car C'O9 emission

9a Labels showing resources used 60.3 1.01 0.010 0.379 0.314 -0.013 -0.100 -0.055

F3: Energy-use conscious behavior (ECB) (a = 0.57)

24b Many of my everyday decisions af- 46.7 1.02  0.037 0.064 0.661 -0.044 -0.117 -0.045
fected by own thoughts on energy
use

25b Buy fewer things in order to save 50.7 0.98 -0.062 0.024 0.557 -0.085 0.046 0.184
energy

35b Encourage family to buy compact 52.6 1.17  0.063 -0.088 0.384 0.009 0.375  -0.187
fluorescent light bulbs

F4: Ascription of responsibility (AR) (a = 0.61)

15a No worries about saving energy, be- 73.1 0.94 0.027 0.043 -0.046 0.621 -0.038 0.006
cause new technologies solve the en-
ergy problems (R)***

13se No worries about turning the lights 78.8 1.10 -0.086 -0.048 0.143 0.539 0.061 0.207
off in the classroom, because the
school pays for the electricity (R)

17a Law protecting the natural environ- 69.3 094 0.064 -0.071 -0.096 0.504 -0.005 -0.038
ment should be made less strict in
order to allow more energy to be
produced (R)

Tse My energy use contributes no dif- 70.1 0.96 0.021 0.051  -0.110 0.433 -0.019 -0.091
ference to energy problems facing
our nation (R)

F5: Energy-saving behavior (ESB) (o = 0.55)

31b Family buys energy efficient com- 71.1 1.12  0.057 -0.022 0.042 -0.010 0.571 -0.127
pact fluorescent light bulbs

30b Turning off lights and computers 83.6 1.09 -0.114 0.056 -0.087 -0.045 0.462 0.243

26b Separation and recycling of waste 78.7 1.08 0.064 0.059 -0.061 -0.026 0.449 0.047
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Continued from the previous page

No. Question Items Mean (%)  SD BEK AC ECB AR ESB CEI
34b Minimizing the room temperature 70.9 1.14 -0.052  0.036 0.152 0.076  0.363  0.053
F6: Cognition of environmental issues (CEI) (o = 0.52)
42¢ The best reason to buy an 83.1 0.38 0.079 -0.076 0.014 0.005 0.022  0.562
ENERGY-EFFICIENT MARK
appliance
47c Global warming by CO2 emission 69.1 0.46  0.359 0.011  -0.008 -0.026  0.025 0.385
increasing

Contribution (%) 14.65 8.65 3.5 2.09 1.95 1.27
Cumulative contribution (%)  14.65 23.3 26.8 28.89  30.85  32.12

End of the table

Table 4.3. Factor Correlation Matrix Extracted by Maximum-Likelihood Method,

Promax Rotated with Normalization of Kaiser.

Predictors Mean (%) SD  BEK AC ECB AR ESB

Basic energy knowledge 46.7 0.29

Awareness of consequences 73.6 0.13 .23 **

Energy-use conscious behavior 50.0 0.16 -.12** 22 **

Ascription of responsibility 72.8 0.13 .48 *F 48 ** _ 06 **

Energy-saving behavior 76.1 0.14 .16 ** 55 ** 37 ** 3 **

Cognition of environmental issues 76.1 0.35 .51 *k 38 o7 kx5 Rk Q7 KX
*p < .01

4.3 Result

4.3.1 Energy literacy conceptual model by structural equa-

tion modeling

To improve the conceptual model statistically, modification indices and model
fitness indices were considered. Applying the concepts of the TPB and the VBN,
the energy literacy conceptual model was depicted as Fig. 4.1 with standardized
regression coefficients (f). Unstandardized regression coefficients can examine the
change across different samples, while standardized regression coefficients are useful
for determining the relative importance of each variable to other variables for a given
sample [2]. Moreover, the standardized coefficients enable the model interpretation
more easily because the variables are on the same scale of measurement, and are
able to easy convert back to the raw scale metric [2]. All paths in the model were
significant, and the model fitness indices were obtained as: GFI = .947, AGFI = .936,
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SRMR = .048, RMSEA = .042, NFI = .847, and CFI = .888.

According to this model, the AC, AR, and ECB were able to explain 63% of the
variance in the ESB. Both AC and AR are predicted by the BEK through the CEL.
Ten percentage (10%) of the variance in the AC and 52% of the variance in the AR
were explained respectively by the CEI in which 71% of the variance was predicted by
the BEK. The affective components (AC and AR) perform a role of bonding between
components of cognitive (BEK and CEI) and behavioral (ECB and ESB). Although
the recent study by Ajzen et al. [4] reported that environmental knowledge had no
effect on energy conservation from an evaluation with the TPB, it was observed
that students with relative high knowledge (BEK and CEI) indicated a positive ESB
mediated by the awareness of potential adverse consequences of energy-related issues
(AC). Notwithstanding, students who had a higher score of BEK indicated stronger
AR (standardized coefficient 5 = 0.55) than AC (5 = 0.31), the negative estimated
value of the AR on the ESB was mediated by the ECB (8 x Sy = —0.45 x 0.44).
While, the indirect effect of AC on the ESB through the ECB was positive (85 x 8y =
0.61 x 0.44).

96



e 42c 20

In P

To fu o

[ 71¢ | | 55¢ | |600| |74c||72c||75c||68c|

48

47

A~ o |3
S [ ]%

6 .65

-
D1

N
[

.69
18a

.57

w
®

0
A7

)
N

-
N
[

-
)]

ONOMONOMNO
d

.38

.10

=.31 =.565 D
B> Bs 52
Awareness of Ascription of
consequences responsibility

B;=.84

Basic energy
knowledge

Cognition of
environmental
issues

Energy-use
conscious
behavior

Energy-
saving
behavior

Bs= .35

41

A7

.57

.56

57

.52

A7

A7

N ~

N
wlo [v]e |-
» N N

13se

i
N

@© @ @ © @ © @ @ @

N

[$2]
w|T
N

N
E P

4

w N w
TIN[T|IN|T|N
N N ~

48

N
w

G k©

Fig. 4.1. Standardized Regression Coefficients of Energy Literacy Conceptual Model

of Students of Lower Secondary School in Japan.

4.3.2 Conditional process analysis

Moderators of gender, school years (grade), region, and the family discussion of

energy-related issues (Table 3.3 and 3.4) were tested to determine whether they affect

the energy literacy conceptual model by using a regression-based path analysis with

PROCESS for estimating and probing the interaction and conditional direct and in-

direct effects (Chap. 2.3.3) [5-8]. The moderators were coded one for male, Tokyo,

response “Yes” to the family discussion, and coded zero for female, Fukushima, re-

sponse “No” to the family discussion. Samples were dichotomized into the positive

and negative response groups to the family discussion on energy-related issues to ex-

amine the influence of family on student’s energy literacy conceptual model. Students

who chose the positive two scales about family discussion were allocated to a posi-
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tive group (17% overall), and those who chose the negative two scales (54% overall)
and the neutral scale (29%, N = 385) were allocated to a negative group to distin-
guish the effect of the positive group from others (Table 4.4 adopted from Table 3.4).
The parameters were estimated using ordinary least squares (OLS) regression, and
the mean of variables that are used to configure the mediation model are centered
beforehand [8].

Table 4.4. Positive and Neutral & Negative Groups Outcomes to the Presence of
Family Discussion on Energy-Reated Issus (Adapted from Table 3.4).

Cognitive Affective
Self-rating N  Mean (%) SD (%) p Mean (%) SD (%) »p
The presence of family discussion on energy-related issues
Positive 223 43.26 14.98 ¢ 73.00 6.96 7
Neutral & Negative 1093 38.77 14.07 68.21 7.36
Self-efficacy Behavior
Self-rating N  Mean (%) SD (%) p Mean (%) SD (%) »
The presence of family discussion on energy-related issues
Positive 223 75.25 11.41 ¢ 72.87 991 ¢
Neutral & Negative 1093 67.60 12.52 65.64 10.33

¥ p < .01, ¥F* p < .005, T < .001

Five patterns of mediation model were investigated by conditional process analysis
(Table 4.5). As a result, it was found interactions by gender in (1) the CEI on the
AR through the AC, by region in (4) the AC on the ESB through the ECB, and by
grade in (5) the AR on the ESB through the ECB. There was no interaction of family

discussion of energy-related issues in the energy literacy model.

Table 4.5. Mediation Models for Investigating the Effect of Moderators.

Model predictor (X) Outcome (Y) Mediator (M) Moderator (W)

(1) CEI AR AC gender
(2) AC ECB AR ns
(3) AC ESB AR ns
4) AC ESB ECB region
(5) AR ESB ECB grade

Table 4.6 presents the estimated regression coefficients of AC and AR in the
mediated moderation model by gender. Students with relatively higher CEI expressed
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higher AC (a; = 0.063, 95% CI = 0.043 to 0.083, p < .001). Moreover, holding CEI
constant, the effect of AC on the AR depends on gender (by = -0.136, 95% CI =
-0.240 to -0.031, p < .05). For the reason that “the evidence of moderation of one of
the paths in a mediation model is sufficient to claim moderated mediation” [8], this
analysis supports the conclusion that the indirect effect of CEI on the AR through
AC depends on gender. In this case, however, the 95% bootstrap confidence intervals
for 10,000 resamples includes zero (-0.024 to 0.002). Thus, it cannot define that
the indirect effect of CEI on the AR through the AC depends on gender since the

confidence interval of the index of moderated mediation includes zero.

Table 4.6. Unstandardized OLS Regression Coefficients with Confidence Intervals
Estimating Awareness of Consequences (AC) and Ascription of Responsibility (AR)
in the Mediated Moderation by Gender. Variables are Mean Centered.

AC (M) AR (Y)
Coeff. SE  95% CI D Coeff. SE  95% CI D
CEI (X) a = .063 .010 .043, t = 116 .010 .096, 1
.083 135
AC (M) by — 248 027 .196, 1
.300
Gender (W) a2 —  -.021 .001 -.035,  ** ¢, —  -018 .007 -.032,  **
-.006 -.005
X x W a3 —  -012 .021 558,  .558 = .040  .020 .001, *
-.053 .079
Mx W by —  -.136 .053 -.240, *
-.031
Constant iy —  -.000 .004 -.007, .962 iy — 728 .003 722, 1
.007 735
R? = 0.036 R? =0.186
F (3, 1312) = 16.378, p < .001 F (5, 1310) = 59.922, p < .001

*p < .05, ** < .01, 1 < .001

Table 4.7 presents the estimated regression coefficients of ECB and ESB in the
moderated mediation model by grade. Students with relatively higher AR expressed
less ECB (a; = -0.079, 95% CI = -0.142 to -0.017, p < .05). Moreover, holding
AR constant, the effect of ECB on the ESB depends on the grade (by = -0.063, 95%
CI =-0.123 to -0.004, p < .05). Although there was no significant difference for the
7th grade by 95% bootstrap confidence intervals for 10,000 resamples (bry, = -0.014,
95% CI = -0.054 to 0.025), there were significant differences for the 8th and 9th
grades (8th grade: bgy, = -0.024, 95% CI = -0.049 to -0.000; 9th grade: by, = -0.030,
95% CI = -0.061 to -0.004). The conditional indirect effect of AR on the ESB through

the ECB seems to decrease with the school year progression.
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Table 4.7. Unstandardized OLS Regression Coefficients with Confidence Inter-
vals Estimating Energy-Use Conscious Behavior (ECB) and Energy-saving Behavior
(ESB) in the Moderated Mediation by Grade. Variables are Mean Centered.

ECB (M) ESB (Y)
Coeff. SE  95% CI P Coeff. SE  95% CI
AR (X) ay —  -079 .032 -.142, * ¢ = 301 .027 .248, t
-.017 .355
ECB (M) by — 305 .024 .259, t
.352
Grade (W) a2 — .010  .006 -.001, .085 ¢y —  -.003 .005 -.012, .543
.020 .006
X x W a3 —  -.050 .041 -131, 226 = .001 .035 -.068, .969
.031 071
Mx W by —  -.063 .030 -.123, *
-.004
Constant i —  -.000 .004 -.009, 974 iy - 761 .004 754, +
.008 769
R? = 0.009 R? =0.173
F (3, 1312) = 3.740, p < .005 F (5, 1310) = 54.600, p < .001

*p < .05, f < .001

Table 4.8 presents the estimated regression coefficients of ECB and ESB in the
mediated moderation model by region. Students with relatively higher AC expressed
higher ECB (a; = 0.345, 95% CI = 0.268 to 0.422, p < .001). Furthermore, this direct
effect depends on the region: Fukushima and Tokyo (a3 = 0.280, 95% CI = 0.126 to
0.434, p < .001). Therefore, this model is a mediated moderation model. Regarding
the conditional direct effect of AC on the ESB for the region, it was significant at
values of Fukushima (bpyrq = 0.414, 95% CI = 0.316 to 0.513, p < .001) and Tokyo
(briya = 0.374,95% CI = 0.279 to 0.468, p < .001). Holding AC constant, the effect
of ECB on the ESB does not significantly depend on the region (by = 0.062, 95%
CI =-0.053 t0 0.176, p = 0.291). However, for the conditional indirect effect of AC on
the ESB through the ECB for the region, there was a significant difference at values of
Fukushima (bpyr; = 0.030, 95% CI = 0.008 to 0.069) and Tokyo (brgy; = 0.102, 95%
CI = 0.061 to 0.153). The 95% bootstrap confidence intervals for 10,000 resamples
did not include zero (0.018 to 0.127). Thus, it can conclude that the conditional
indirect effect of AC on the ESB through the ECB depends on the region, which is
significantly stronger for Tokyo than Fukushima.
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Table 4.8. Unstandardized OLS Regression Coefficients with Confidence Inter-
vals Estimating Energy-Use Conscious Behavior (ECB) and Energy-saving Behavior
(ESB) in the Mediated Moderation by Regions (Fukushima and Tokyo N = 849).
Variables are Mean Centered.

ECB (M) ESB (V)
Coeff. SE  95% CI D Coeff. SE  95% CI
AC (X) a1 — 345 039 268, 1 & = 393 .03 325, 1
422 461
ECB (M) by — 183  .029 126,  f
241
Regions (W) a2 —  -.018 .010 -.038, .068 ch - .027  .009 .010,  ***
.001 .043
X x W as — .280 .079 126, T cg — -.041 .070 -.177,  .559
434 .096
M x W ba — .062 .058 -.053, .291
176
Constant 133 — -.002 .005 -.012, .666 1y — 763 .004 755, t
.008 771
R? =0.102 R? =0.234
F (3, 845) = 31.990, p < .001 F (5, 843) = 51.445, p < .001

% p <005, T < .001

4.4 Discussion

4.4.1 Relation between knowledge and responsibility

Female students achieved higher mean values than the males for three factors:
CEI, AC and AR (CEI: males 72%, females 78%, p < .01; AC: males 72%, females
74%, p < .005; AR: males 71%, females 74%, p < .001) and reported a strong estimate
of CEI to the AR than the males (unstandardized coefficient of males B,, = 0.75,
females By = 1.42, p < .01). One possible reason for the females’ better cogni-
tive performance may be that one private girls’ junior high school in excellent aca-
demic performance is more likely to raise female scores (Chapter 3.5.1). However,
this school does not affect the affective and behavioral subscales (Affective: Overall
69.3%, excluded the girls’ school 68.7%; Behavior: Overall 67.1%, excluded the girls’
school 66.4%, non-significant), and has little effect on the energy literacy conceptual
model (the model fitness indices for the energy literacy model when the girls’ school
(N = 330) was eliminated: GFI = .941, AGFI = .928, SRMR = .050, RMSEA = .042,
NFI = .823, and CFI = .879). The conditional process analysis found that the con-
ditional direct effect of CEI predicted stronger AR for males than females (Males
by, = 0.14, t(1310) = 9.30, p < .001; Females by = 0.10, ¢(1310) = 7.83, p < .001).

On the other hand, when the girls’ school was eliminated, the coefficient of interac-
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tion was not significant (p = .065), and the conditional direct effect of CEI predicted
a stronger AR for males than females (Males b,, = 0.14, ¢(986) = 9.45, p < .001;
Females by = 0.10, £(986) = 6.43, p < .001).

Comparing each observed variable in the CEI and AR by gender, the females
scored significantly higher than the males for three question items: No. 42 (the best
reason to buy an appliance labeled “energy efficient” p < .005), No. 7 (My energy-
use contributes no difference to energy problems, p < .001), and No. 15 (No worries
about saving energy because new technologies solve the problems, p < .05), but others
were not significant (Reason for global warming; Easing strict laws for environmental
protection; No worries about turning off the lights in the classroom).

Since the results cannot identify a characteristic tendency among genders, it is
difficult to assume the reason for the males’ effect in the mediated moderation model
with limited information. However, it is noted that an interaction between CEI and
gender on the AR was found. Moreover, in this case, the magnitude of the effect of

gender did not necessarily depend on the amount of knowledge of EE issues.

4.4.2 Relation between responsibility and energy-saving be-

havior

A negative effect of AR on the ESB through the ECB was found in the energy
literacy model. Even though students feel responsibility to energy saving on a con-
ceptual basis, if an individual may not know or understand that his/her behavior
contributes to solve some of the global EE problems, he/she might ignore or underes-
timate energy-use consciousness in everyday life. In fact, only 49% students opposed
the idea of question item No. 7 in AR, which is “My energy use contributes no differ-
ence to energy problems facing our nation (Reverse question).” The relation between
AR and ECB may become positive when it is consistent with social norms and pres-
sures, and students feel responsible for and are aware of the adverse consequences
for future society [9]. It may be said that lower secondary students in Japan do not
necessarily recognize the needs for urgency and importance as an individual matter
in addressing global EE issues.

In this moderated mediation model, it was also found that the lower graders pre-
dicted the ESB by the ECB stronger than 9th graders (unstandardized coefficient of
ECB to ESB: Tth grade 87, = 1.29, 8th grade Bgy, = 0.57, 9th grade Bgy = 0.38,
p < .01). This was supported by a conditional process analysis that the conditional
indirect effect of the AR on the ESB through the ECB seems to decrease with the

school year progression. When the girls’ school of excellent performance was excluded,

102



the coefficient of interaction was not significant (p = .317), and the conditional in-
direct effect of AR predicted a stronger negative ESB through the ECB for the 9th
graders compared to the 8th graders (8th grade: bgy = -0.034, 95% CI = -0.064
to -0.007; 9th grade: bgy, = -0.046, 95% CI = -0.084 to -0.015). It is noted that
students who indicated a high responsibility would perform energy-saving somewhat
unconsciously. It might be said the habit of ESB, which is often formed partially by
home or school discipline or unconscious actions for energy conservation [10], such
as turning off lights in unoccupied rooms or turning off the showering during sham-
pooing. A habit also plays an important role in daily energy use [11,12]; however, a
habitual behavior is difficult to change [10]. Hence, it would be better to form proper
habits during childhood for energy conservation. Although it is dificult to identify
the reason of the decline of indirect effect of AR on the ESB through the ECB with
the school year progression, one possible reason can be considered that as students
grow, a habit is more fixed in everyday life and they use energy unconsciously.

Despite the fact that Japan is a low self-sufficient with respect to natural re-
sources and energy, only 13% of students know that Japan is almost 100% dependent
on imported energy resources (Table B.1, No. 43 in Appendix B) and so do 15% of
adults according to a JAERO survey [13] (p. 67). Furthermore, only 39% of adults
worry about the depletion of fossil resources or oil shock [13] (p. 115). This is be-
cause Japanese people have hardly experienced serious energy-related difficulties, even
though most of the nuclear power plants have been shut down since the nuclear ac-
cident in 2011. The regional electricity supply is stable, has few blackouts, is quickly
back up, and is always restored to support our daily lives (Fig. 4.2). Therefore, even if
the student feels responsible for EE problems, they can perform a pro-environmental
habitual behavior without specific consciousness for energy use. Gradually, this ten-
dency would become trivial with the school year progression because the students’
interests will diversify toward the future.

Although it is difficult to maintain consciousness about energy use in daily life,
as Zografakis et al. proposed that energy awareness is formed during childhood [14],
family discussion about energy-related issues is more likely to impact students’ energy
literacy (See Table 3.3). As such, the earlier implementation of energy education
regardless formal or informal, which improves students’ awareness and values for
solving energy-related issues and leads to favorable habits for energy conservation,

would be recommended.
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Fig. 4.2. Annual Power Outage Continuity per Household. Average of Japan and
the US in 2015; Australia and Korea in 2014; France, Germany, Italy, and the UK in
2013 [15].

4.4.3 Relations between knowledge, awareness of consequences,

and energy-saving behavior

Despite the fact that knowledge relevant to EE issues may be a critical component
for deriving personal values, beliefs, attitudes toward energy-saving behavior and
making a favorable decision for energy-related issues, the lack of a correlation between
knowledge and behavior has been frequently reported (e.g., [3,4,16-18]). In the TPB,
the most substantial information about behavioral determinants is contained in a
person’s behavioral, normative, and control beliefs [19]. Knowledge is one of the
background factors that may impact the beliefs people hold, and it is expected to
affect the intent to act and behavior indirectly [19,20]. The VBN Theory assumes
the relations between a person’s values, environmental beliefs, and behavior, which is
directly determined by personal norms to be activated by the AR and the AC [21].
If it can be considered that knowledge impacts one’s values which in turn forms
one’s beliefs; “energy-use conscious behavior (ECB)” in the energy literacy conceptual
model might be discussed as a behavior with personal norms activated by the AC. On
the basis of this idea, the energy literacy model of this study can support the fact that
the BEK predicts the ESB through the ECB by being concerned about the adverse
consequences of ongoing energy-related problems. Even though indirect experiences
such as school learning about EE issues do not impact behavior directly [22, 23],

behavioral change requires knowledge contributions to modify values and beliefs to
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behavior [22,24,25]. Knowledge about the adverse consequences of ongoing energy-
related problems may touch students’ emotions, stimulate resonance, and inspire and
foster their understanding of EE issues [26].

A corpus of knowledge, which was identified by Anable et al. — the facts of the
issue, the causes and effects of the issue, its urgency and importance, and the indi-
vidual contribution to a behavioral change — may be effective for improving students’
awareness of the current EE situation [26]. Furthermore, “knowledge of the impact
of behavioral changes” is also needed to learn the basic principles of energy to make

rational behavioral choices [27].

4.4.4 Relation between region and energy-saving behavior

This study found a conditional indirect effect of the AC on the ESB through the
ECB for the region (Fukushima and Tokyo). The situations in Fukushima about the
academic achievement level, and the circumstances after the natural disasters and the
nuclear accident have been explained in Chapter 3.5.1.

On the other hand, students in Tokyo experienced planned power outages after
the disasters to avoid massive blackouts in its service area, which affect economic and
industrial activities as well as various aspects of daily lives. Energy and power savings
were often discussed in mass media, in schools, and at home during the period. In
fact, the planned power outage in the early morning of March 14 was postponed owing
to the prospect of lower-than-expected demand due to people’s electricity saving [28].
Over 90% of the participants in this survey reported that their parents had talked
about the discipline in energy and power savings before graduating elementary school.
Although there was no interaction of family discussion about energy-related issues in
the energy literacy conceptual model, it cannot be denied that it may implicitly have
turned into a regional effect for Tokyo, where students experienced strict energy-
saving for the planned blackouts. Some possible reasons for the differences between
students in Fukushima and Tokyo can be discussed, which are the relatively low
academic performance, the disadvantages in daily life due to the natural disasters
and the nuclear accident in Fukushima, and the extraordinary experience of energy
savings in Tokyo.

According to a recent study in Taiwan, secondary students in a southern region
that frequently experiences natural disasters scored higher on energy-conservation-
related attitudes and practices than students in a northern urban area that does not
directly suffer from environmental disasters in an advanced infrastructure [29]. Such
direct experiences have a stronger impact on people’s behavior than indirect experi-

ences [23], and personal experiences could foster a student’s long-term environmental
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concerns [30]. Moreover, the impact of natural disasters can be employed as teaching
materials in schools since students may be aware of EE issues more closely. In fact,
the students of six high schools in Fukushima published their research about the mea-
surement and comparison of individual external doses of high school students living
in Japan, France, Poland, and Belarus [31]. They found that the individual external
doses in areas where people are allowed to live in Fukushima prefecture and Belarus
are within the range of the estimated annual doses of the terrestrial background ra-
diation level of other regions they surveyed. There must have been hardships for
students in Fukushima, however, their personal experiences would turn into learn-
ing opportunities, and proper teaching materials and timely educational approaches
would contribute to enhance students’ awareness of the EE issues.

To achieve objectives of EE education within the limited time given to developing
an in-depth understanding of EE issues, and cultivating and fostering fundamental
knowledge, skills, awareness to contribute to solving energy-related issues [32], the
energy literacy conceptual model is effective for developing energy education con-
tents that takes into account the student’s conceptual construction of energy-relevant

knowledge, attitudes, and energy-saving behavior.

4.5 Conclusion

Applying the results of energy literacy assessment of lower secondary students in
Japan, an energy literacy conceptual model has been explored by a factor analysis
approach.

The energy literacy conceptual model was explained by six components, where 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 higher knowledge of energy and environment predicted a strong pos-
itive 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 responsi-
bility to energy-saving on a conceptual basis, they are possibly to ignore or underesti-
mate 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.
In contrast, the positive effect of awareness of consequences predicts the energy-
saving behavior through the energy-use conscious behavior. Thus, the awareness of

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

A conditional process analysis elucidated that (1) the direct effect of cognition of
environmental issues on the responsibility depends on the gender, and the magnitude
of its effect did not necessarily depend on the amount of EE knowledge; (2) 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
(3) the indirect effect of awareness of consequences on the energy-saving behavior
through the energy-use conscious behavior depends on the regions. These findings
contribute for developing energy education program on the basis of the construction

of students’ energy literacy concept.
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Chapter 5

Integrating energy literacy
structural model with the Theory
of Planned Behavior and
Value-Belief-Norm Theory

5.1 Introduction

The conceptual construction of students’ of energy literacy was understood by an
exploratory factor analysis (EFA) in the previous chapter. Subsequently, the energy
literacy structural model is constructed to explore the relationship between students’
EE knowledge and behavioral intentions, by incorporating attitude-behavioral factors
and normative factors, which were not extracted by a factor analysis approach. To
improve more understanding of the relationship among knowledge, attitudes, and
behavior in energy literacy and to identify the elements what should be emphasized
in energy education, the hypothesis model approach can be applied by adopting both
the TPB and the VBN, which have been verified in social psychology studies in last
decades.

Furthermore, the interaction of six attributes are examined by a conditional pro-
cess analysis, and scientific literacy, critical thinking ability, and environmental values
or worldview are also evaluated because these aspects are vitally associated with en-
ergy literacy [1]. This may potentially assist in providing informative insights from
the perspective of students’ knowledge, attitudes, and behaviors regarding EE issues.

Considering the aforementioned perspectives, the objectives of this chapter are
(1) to integrate the energy literacy structural model with the TPB and the VBN,
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(2) to examine the causal relationship between basic energy knowledge and energy-
saving behavior based on the integrated model, and (3) to analyze the interactions of

moderators.

5.1.1 Hypothesis model

Wall suggested that there is merit in developing a model incorporating constructs
from each model and it is beneficial to apply these theoretical models as comple-
mentary [2]. The TPB focuses on external influences (subjective norms), while the
VBN focuses on internal normative factors (personal norms) [3]. Furthermore, the
TPB explains the personal usefulness of a given behavior, including the intention,
which is predicted by perceived control over behavior, whereas the VBN emphasizes
the benefit to others (altruism) over self-interest. From the theoretical and practical
perspectives, while keeping the existing model framework, extension based on the
two theories would help in interpreting the energy literacy structure to identify the
potentiality and validity of the components [4,5]. In the following sections, first, the
theories are separately introduced and applied to the structure of energy literacy.
Then, the hypothesis model for the energy literacy structure is proposed based on

the specified variables and their relations.

5.1.1.1 Theory of Planned Behavior (TPB)

According to the TPB, a person’s behavior is driven by the intention to act (INT).
The INT is determined by the person’s attitudes toward the behavior (ATB), subjec-
tive norms (SNs), and perceived behavioral control (PBC). The TPB is a good model
for understanding pro-environmental behavior [6,7] and energy-saving behavior. The
theoretical model of energy-saving behavior (ESB) from the TPB is presented in
Fig. 5.1. The ATB is determined by the behavioral beliefs and the evaluation of the
behavioral outcome or attributes [8]. When students perform ESBs according to their
beliefs to contribute to an energy solution or environment protection, positive and
preferable ATBs have been formed in advance [9]. The SNs are perceptions of social
expectations and pressures regarding actions that an individual’s valuable referents
think that they should perform. Students’ preferable energy-saving behaviors may
result from the expectations of important or trusted people. The PBC is a perception
of a person’s ability and opportunities for behavioral control, which is affected by the
presence of factors that promote or hamper a given behavior [10]. Even if students are
willing to perform energy-saving behaviors, it may be possible that they do not know

what to do or an interference factor prevents them from carrying out the actions.
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Anable, Lane, & Kelay pointed out that beliefs are “the ultimate determinants”
in the TPB framework, which are influenced by person’s values and depend on knowl-
edge, facts and things people believe. Although knowledge may be useful in evaluating
which beliefs are more salient and valuable, the TPB will help explain that knowledge
alone does not necessarily lead to behavioral changes [3]. On the basis of this idea,
basic energy knowledge is considered one of the most important factors in determin-
ing beliefs in ATBs. Therefore, according to the TPB, knowledge is assumed to be
an antecedent of the ATBs [11].

Attitude
[ toward the
behavior

Subjective
norm

Energy-saving
behavior

Perceived \, ~ ___----
behavioral -7
control

Fig. 5.1. Energy-Saving Behavioral Model Applying the Theory of Planned Behav-
ior [12].

5.1.1.2 Value-Belief-Norm Theory (VBN)

The VBN explains that pro-environmental behavior is predicted by personal norms
(PNs) that are activated by the ascription of responsibility (AR) and the awareness
of consequences (AC). The AC is connected to the persons environmental worldview,
which is assessed by the new ecological paradigm (NEP) [13]. The NEP is related
to general values: altruistic values, egoistic values, traditional values, and values
regarding openness to changes. When people’s behaviors are consistent with their
beliefs, which reflect values that are based on the knowledge that they have, the
energy-saving behavior model that is adapted from the VBN can be applied, which
is presented in Fig. 5.2. It is assumed that the ESB is predicted by the PN through
the AR and AC, which are activated by basic energy knowledge.

113



Personal

Awareness of
consequences

norm

Ascription of
responsibility

Energy-saving
behavior
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knowledge

Fig. 5.2. Structure of Energy-Saving Behavior, as Predicted by the Basic Energy
Knowledge by Applying the Value-Belief-Norm Theory [14,15].

5.1.1.3 Hypothesis model integrated with the TPB and the VBN

A normative aspect has been considered in the TPB. The PN is often examined
in relation to pro-environmental behaviors, which have many underlying factors [16],
thus, it may be more general than the ATB (e.g., [7,17,18]). As Kléckner concludes
from his meta-analysis research, if each behavior is in line with personal values, parts
of the impacts of personal norms on intentions to act are mediated by attitudes [5,17].
Therefore, when assuming that knowledge contributes to modifying attitudes and
values toward behavioral changes [19-21], it can be considered that the VBN model
that is predicted by basic energy knowledge is antecedent to the ATB in the TPB in
the configuration of the energy literacy structural model. Knowledge relevant to EE
issues ignites students’ interests, touches their emotions, stimulates their awareness
and responsibility toward EE problems, and cultivates their norm [3]. Hence, the

4

hypothesis model integrates both the “personal interest aspect” of the TPB and the
“social motivation” of the VBN. The hypothesis model of energy literacy structure
is shown in Fig. 5.3. The intention toward the ESB is predicted by the ATB, SN,
and PBC, and the ESB is predicted by independent contributions from the INT
and PBC. The integrated model can examine the links among students’ relevant EE
knowledge, beliefs, norms, attitudes, intentions, and energy-saving behaviors within
a single model. It will facilitate the interpretation of relationships between the distal
variables, such as knowledge and behavior, by applying mediation variables and the

estimation of a target predictor within the same model [5].
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Fig. 5.3. Hypothesis Energy Literacy Structural Model, Which Is Integrated with
the Theory of Planned Behavior and Value-Belief-Norm Theory.

5.2 Method

5.2.1 Sampling

In July 2016, eight schools where teachers appreciate the importance of energy
education participated in this survey. Those were in Fukushima, Fukui, Tokyo (two
schools), Kyoto, Osaka (two schools), and Nagasaki prefectures (Fig. 5.4). Schools
were selected in wide areas from northeast to southwest of Japan. The survey was
conducted by each teacher in the classroom by a printed questionnaire. Valid re-
sponses of 1070 students (60% of the 95% response rate) from the 7th to 9th grades
(ages 13-15), without missing values, were analyzed. Gender distribution of the re-

spondents was 33% male and 67% female due to the participation of one private girls’

school (Table 5.1).
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Fig. 5.4. Locations of Survey Participants in 2016.

Table 5.1. Sample Distribution of the Survey 2016

Schools N Male Female T7th 8th 9th Collection Rate of valid %

School .1 310 0 310 139 91 80 427 72.6
School 2 171 90 81 36 58 77 356 48.0
School 3 141 71 70 45 45 51 252 55.9
School 4 132 56 76 40 51 41 221 59.7
School 5 107 41 66 57 0 50 165 64.8
School 6 70 36 34 34 0 36 140 50.0
School 7 12 ) 7 1 6 5 14 85.7
School 8 127 49 78 0 0 127 199 63.8

Total 1070 348 722 352 251 467 1774 60.3

5.2.2 Question items and conditional process analysis
5.2.2.1 Question items

A new questionnaire was employed (Chapter 2.2.2). The additional measurements
of TPB and VBN were developed according to the literature review. All items were
shuffled across domains, except a set of items on basic energy knowledge and civic
scientific literacy. To avoid a residual covariance among the observed variables and
predictors beyond the domains, the residual covariance was analyzed and eliminated
the corresponding items. As a result, 117 question items were extracted from a set
of 136 items for nine predictors and three moderators: civic scientific literacy, critical

thinking ability, and the new ecological paradigm.
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Reliability was evaluated by calculating Cronbach’s alpha values of the compo-
nents. Variables of ABC01, ABC02, and ABCO03 for the actual behavioral control
in the TPB were eliminated from analysis due to lack of internal consistency (0.21).
Applying the Ajzen’s conception of ABC, the PBC can be a substituted to the ABC
to predict the ESB [22]. As a result, the Cronbach’s alpha values ranged from 0.71
to 0.87. These values indicated higher internal consistency relative to the previous
energy literacy conceptual model based on a factor analysis approach (with values
ranging from 0.52 to 0.70 in Chapter 4.2.1). A summary of twelve components (ex-
cluding the ABC beforehand), their abbreviations, number of items employed and
Cronbach’s alpha coefficient values is shown in Table 5.2.

The results of pilot test by graduate students of the Department of Socio-Environmental
Energy Science, Graduate School of Energy Science, Kyoto University are presented
in Table 5.3. They scored the ranges from 62% to 84%. It is natural that students
majoring in energy science course indicated high score on the BEK (84%), while the
score of variables for the TPB tend to be less than 70% except the ATB (SN 62%,
PBC 65%, INT 67%, ESB 63%). The CSL, CTA, and NEP were over 70%.

Table 5.2. Summary of Predictors and Moderators of Energy Literacy Structural
Model Integrated with the Theory of Planned Behavior and the Value-Belief-Norm
Theory.

Predictors/Moderators Abb. Number Probability Items eliminated
of item
Basic energy knowledge BEK 16 0.756 BEKO03, 05, 06, 15
Awareness of consequences AC 9 0.860 ACO01, 02
Ascription of responsibility AR 6 0.735 ARO06
Personal norm PN 4 0.710 PNO05
Attitude toward the behavior ATB 6 0.734 ATB04
Subjective norm SN 9 0.793 -
Perceived behavior control PBC 4 0.784 PBCO02, 04 ,05
Intention INT 4 0.722 INTO1
Energy-saving behavior ESB 11 0.727 ESBO7, 11
Actual behavioral control ABC 0 0.211 ABCO01, 02, 03
Civic scientific literacy CSL 18 0.751 —
Critical thinking ability CTA 22 0.870 -
New ecological paradigm NEP 8 0.711 NEP04
Total 117
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Table 5.3. Results of Pilot Test by Graduate Students (N = 19).

BEK AC AR

Mean %  SD SE Mean %  SD SE Mean %  SD SE

84.21 17.35 3.98 81.40 13.05 2.99 72.63 10.75 247
PN ATB SN

83.68 1597 3.66 82.63 15.93 3.65 61.75 14.43 3.31
PBC INT ESB

64.74 18.52 4.25 67.11 18.81 4.31 63.44 16.10 3.69
CSL CTA NEP

75.36  12.61 2.89 77.08 10.10 2.32 77.50 12.72 2.92

5.2.2.2 Conditional process analysis

A subgroup of six attributes where gender; school years (grades); the energy
education experience (Yes/No); the energy-related facility-tour experience (Yes/No);
the existence of home discipline in energy-saving (Yes/No), and the existence of family
discussion about energy-related issues (a five-Likert scale) was also evaluated as a
moderation variable affecting the energy literacy model. A total nine moderators
including the civic scientific knowledge, critical thinking ability, and new ecological
paradigm was employed to a conditional process analysis.

In response to the previous chapter suggesting the importance of AC in linking
between BEK and ESB (Capter 4.3.1), this chapter examined interactions on the
following two causal relations: (1) the direct effect of BEK on the AC and (2) the
direct and indirect effects of AC on the ATB through the AR.

5.3 Result

5.3.1 Assessment of each components in energy literacy struc-

tural model

A summary of the energy literacy assessment by the new questionnaire for lower
secondary students in Japan is presented in Table 5.4. To make it easy to compare
the mean values, Fig. 5.5 to Fig. 5.11 are presented.

In overall result, students scored 53% on the BEK which is better than the previous
study (Cognitive subscale, 39%, p < .001, See Table 3.2).

to meet the ideal criterion of 70% correctness, which was suggested by DeWaters

However, they failed

and Powers; students who are considered “energy-literate” met this criterion on the
cognitive subscale [23,24]. Beliefs, norm, and attitude factors (AC, AR, PN, and
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ATB) indicated relatively high scores over 76%, while the some factors in the TPB
indicated less than 70% (SN, PBC, INT, and ESB). The score of CSL, CTA, and NEP
ranged from 52% to 76%. Comparing with the pilot test result of graduate students,
similar trends can be observed such as high scores of VBN components and the ATB,
and low scores of TPB components (Table 5.3).

90.0
80.0

70.0 - 76.4 5.0

i 68.4 67.4
60.0

61.5 61.0 64.2
50.0 -

53.0 52.3
40.0 -

30.0
20.0
10.0 -

76.5

Maximum attainable score (%)

BEK AC AR PN ATB SN PBC INT ESB CSL CTA  NEP

Fig. 5.5. Mean of Overall Components.

The female students scored significantly higher than the males on the BEK, AC,
AR, and PN ( BEK: Male 46%, Female 56%, p < .001; AC: Male 79%, Female 81%),
p < .005; AR: Male 75%, Female 77%, p < .01; PN: Male 77%, Female 79%, p < .05),
while the males achieved higher scores than the females on the SN and CTA (SN:
Male 63%, Female 61%, p < .05; CTA: Male 65%, Female 64%, p < .05) (Fig. 5.6).
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Fig. 5.6. Mean Comparison of Gender.

The 7th grade students scored significantly higher than did those in the 9th grade
on the AC, AR, PN, ATB, INT, ESB, CTA, and NEP. Moreover, the actual scores
on other predictors seemed to decrease with the school year progression, except the
cognitive components: the BEK and CSL (Fig. 5.7).
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Fig. 5.7. Mean Comparison in the School Years.

Students who responded positively to questions on energy education experience,

energy-related facility-tour experience (except BEK), home discipline in energy-saving,
and family discussions of energy-related issues achieved higher scores on all predictors
than those who responded negatively (Fig. 5.8, 5.9, 5.10, 5.11).
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Fig. 5.8. Mean Comparison in the Energy Education Experience.
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Fig. 5.9. Mean Comparison in the Energy-Related Facility-Tour Experience.
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Fig. 5.10. Mean Comparison in the Home Discipline in Energy-Saving.
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Fig. 5.11. Mean Comparison in the Family Discussions of Energy-Related Issues.
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Table 5.4. Descriptive Statistics of Energy Literacy Assessment.

BEK AC
N M% SD% SE% p M% SD% SE% p
Overall 1070  53.0 22.1 0.68 80.6 13.1 0.4
Gender Male 348 46.3 23.3 1.25 79 .0 13.3 0.71
Female 722 56.2 20.8 0.78 f 81.4 13.0 0.48  *H*
Grade 7th 352 52.5 20.1 1.07 82.5 12.8 0.68 ¢
8th 251 52.4 22.3 1.41 81.5 13.3 0.84 %
9th 467 53.7 23.5 1.09 78.7 13.1 0.61
Education Yes 866 54.4 22.0 0.7 f 81.2 13.0 0.44 ¥
No 204 47.2 21.8 1.52 78.0 13.5 0.95
Facility tour Yes 317 54.8 22.2 1.25 83.1 12.7 0.71 1
No 753 52.3 22.1 0.80 79.6 13.2 0.48
Discipline Yes 675 54.2 21.8 0.84 * 82.4 12.2 0.47 ¢
No 395 51.0 22.6 1.14 77.6 14.2 0.71
Discussion Positive 283 57.5 21.0 1.25 1 84.5 12.0 0.71 1
Neutral 236 56.6 22.3 145 ¢ 81.5 12.7 082 *
Negative 551 49.1 22.0 0.94 78.2 13.4 0.57  **
AR PN
N M% SD% SE% p M% SD% SE% p
Overall 1070  76.4 13.3 0.41 78.5 14.2 0.43
Gender Male 348 74.8 14.0 0.75 77.0 15.1 0.81
Female 722 77.2 12.8 0.48  ** 79.2 13.6 0.51 *
Grade 7th 352 78.0 12.8 0.68 ***  80.4 13.7 0.73 ¢
8th 251 77.0 14.0 0.88 79.4 15.0 095 *
9th 467 75.0 13.1 0.60 76.6 13.8 0.64
Education Yes 866 77.1 13.2 0.45 *** 789 14.3 049 *
No 204 73.7 13.3 0.93 76.8 13.5 0.95
Facility tour Yes 317 78.9 13.3 0.74 f 80.3 14.2 0.80  *H*
No 753 75.4 13.1 0.48 7.7 14.1 0.51
Discipline Yes 675 78.6 12.6 0.49 t  80.60 13.4 0.52 ¥
No 395 72.7 13.5 0.68 74.9 14.7 0.74
Discussion Positive 283 80.2 12.8 0.76  § 82.8 13.1 0.78 f
Neutral 236 77.1 12.2 0.79  ** 79.2 134 0.87  **
Negative 551 74.2 13.5 058 * 76.0 14.4 062 *
ATB SN
N M% SD% SE% p M% SD% SE% p
Overall 1070  81.6 11.6 0.36 61.5 12.3 0.38
Gender Male 348 80.9 12.0 0.64 62.8 12.5 0.67 *
Female 722 82.0 11.5 0.43 60.9 12.1 0.45

123

to be continued



Continued from the previous page

N M% SD% SE% p M% SD% SE% p

Grade Tth 352 83.0 11.6 0.62 **  62.0 12.6 0.67
8th 251 82.7 11.4 072 * 62.6 11.9 0.75
9th 467 80.0 11.6 0.54 60.5 12.2 0.56
Education Yes 866 82.4 11.5 0.39 § 61.9 124 042 *
No 204 78.3 11.7 0.82 60.1 114 0.80
Facility tour Yes 317 84.3 11.2 0.63 f 63.9 12.7 0.72 ¢
No 753 80.5 11.6 0.42 60.5 11.9 0.43
Discipline Yes 675 83.7 10.9 042 ¢ 65.0 11.2 043 ¢
No 395 78.0 12.0 0.60 55.6 11.7 0.59

Discussion Positive 283 85.3 10.2 0.61 1 66.9 11.5 0.69 ¢
Neutral 236 82.1 11.1 0.73 * 622 10.80 0.71 1
Negative 551 79.5 12.0 0.51 * 58.5 12.2 052 f

PBC INT
N M% SD% SE% p M% SD% SE% p
Overall 1070 61.0 18.3 0.56 68.4 15.5 0.47
Gender Male 348 61.9 18.4 0.99 68.4 15.6 0.84
Female 722 60.60 18.2 0.68 68.4 15.5 0.58
Grade 7th 352 62.1 19.5 1.04 70.0 15.4 0.82 ***
8th 251 62.0 17.3 1.09 69.7 15.4 0.97 *
9th 467 59.7 17.8 0.82 66.4 15.6 0.72
Education Yes 866 61.6 18.2 0.62 * 68.9 15.7 0.53 *
No 204 58.8 18.4 1.29 66.3 14.9 1.04
Facility tour Yes 317 63.8 18.4 1.04 *** 716 15.5 087 1
No 753 59.9 18.1 0.66 67.0 15.4 0.56
Discipline Yes 675 64.5 17.6 0.68 f 72.6 13.9 0.53 f
No 395 55.1 17.8 0.9 61.3 15.7 0.79

Discussion Positive 283 67.5 17.5 1.04 7 76.4 13.9 0.82 ¥
Neutral 236 61.5 16.5 1.07  ***  69.6 13.5 0.88
Negative 551 57.5 18.5 079 * 63.7 15.4 0.66 f

ESB CSL
N M% SD% SE% p M% SD% SE% p
Overall 1070 67.4 11.7 0.36 52.3 17.3 0.53
Gender Male 348 68.4 11.2 0.60 52.7 18.8 1.01
Female 722 66.9 11.9 0.44 52.2 16.5 0.61
Grade 7th 352 68.7 12.1 0.64 *F** 50.7 174 0.93
8th 251 68.4 12.1 0.77 * 55.0 17.4 1.10 *
9th 467 65.9 11.0 0.51 52.1 16.9 0.78
Education Yes 866 67.8 11.7 04 * 53.6 16.7 057 ¢
No 204 65.6 11.5 0.81 47.1 18.6 1.30

Facility tour  Yes 317 704 117 066 f 555 172 097 1

to be continued
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Continued from the previous page
N M% SD% SE% p M% SD% SE% p

No 753 66.1 11.5 0.42 51.0 17.1 0.62
Discipline Yes 675 69.8 11.3 044 § 04.1 16.7 0.64 ¢
No 395 63.2 11.1 0.56 49.3 17.8 0.89

Discussion Positive 283 72.9 11.2 0.67 ¥ 56.5 16.9 1.00 f
Neutral 236 67.8 9.90 0.64 ¢ 54.5 16.7 1.09
Negative 551 64.4 11.6 0.50 *** 493 171 0.73

CTA NEP
N M% SD% SE% p M% SD% SE% p
Overall 1070  64.2 10.9 0.33 76.5 11.8 0.36
Gender Male 348 65.4 11.0 059 * 76.0 11.8 0.64
Female 722 63.7 10.8 0.40 76.8 11.7 0.44
Grade 7th 352 65.6 10.6 0.56  f 77.5 12.0 0.64 **
8th 251 65.2 11.0 0.69 * 78.1 11.8 0.75  ***
9th 467 62.7 10.9 0.51 74.9 11.3 0.52
Education Yes 866 64.7 10.9 037 * 76.9 11.8 040 *
No 204 62.4 10.6 0.74 74.9 11.6 0.81
Facility tour Yes 317 66.3 11.5 0.65 1 78.9 11.6 0.65 1
No 753 63.4 10.5 0.38 75.5 11.7 0.43
Discipline Yes 675 66.6 10.4 0.40 ¢ 77.5 11.4 0.44 ¢
No 395 60.3 10.7 0.54 74.8 12.2 0.61

Discussion Positive 283 68.7 10.8 0.64 1 79.2 114 0.68 1
Neutral 236 65.7 10.4 0.68 *** 779 11.6 0.76  ***
Negative 551 61.3 10.2 0.44 ¢ 74.5 11.7 0.50
*p < .05, ¥* <.01, ¥ < .005, T <.001
End of the table

5.3.2 Intercorrelations between components

To evaluate the validity of the model analysis, a confirmatory factor analysis in
which all predictors were interrelated was carried out to construct the energy liter-
acy model. The results indicated that the energy literacy model that is integrated
with the TPB and VBN fits the data moderately well: GFI = 0.851; AGHI = 0.839;
SRMR = 0.052; NFI = 0.769; CFI = 0.843; RMSEA = 0.039. The correlations among
the components were calculated with the non-parametric Spearman’s rank correla-
tion (p) and reported along with the descriptive statistics in Table 5.5. Correlation
coefficients are ranged from 0.18 to 0.75 in the standardized estimates, and are all
significant except the intercorrelation between BEK and SN (r = 0.03, p = 0.34).

The relatively low correlation between knowledge (BEK) and TPB components
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were indicated (ATB r = .30, SN r = .03, PBC r = .08, and INT r = .15) (e.g., [25]),
while the moderated correlation between BEK and AC (in the VBN) was shown
(r = .41). Furthermore, the VBN components relatively strongly correlated to the
attitude toward the behavior (in the TPB) (AC r = .73, AR r = .68, AC r = .69).
It implies that although the BEK does not directly affect behavioral components

(TPB), it may possibly to able to explain energy-saving behavior by mediating the
VBN components.
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5.3.3 Measurement of energy literacy structural model

Estimates of two theoretical models and the hypothesis model measured by the
data are shown with each description in Fig. C.1, C.2, and C.3 in Appendix C.

The energy literacy structural model that is integrated with the TPB and VBN,
which is presented in Fig. 5.12, obtained acceptable model fitness index values (Ta-
ble 5.6). While based on the modification indices, the paths with estimated values of
less than 0.1 were not employed to avoid changing the model solely to pursue better
model fitness indices. The BEK does not predict AR and PN directly and exerts little
covariance between SN and PBC ((5 = 0.04, p = .164).

According to the energy literacy structural model, the INT and PBC explained
50% of the variance in ESB (8 = 0.42, 0.37, p < .001, R?> = 0.50). The INT was
determined relatively equally by the TPB predictors, namely ATB, SN, and PBC
(8 =0.33,0.34, 0.31, p < .001), before adding the prediction of PN, and these factors
explained 58% of the variance in INT. Several studies have examined and proposed
introducing the PN as an independent predictor of INT [17,18,26,27]. Harland et
al. [16] found that the inclusion of moral (personal) norms increased the proportion
of the explained variance of INT by one to ten percentage points. Therefore, this
study has adopted the direct prediction of PN to the INT. As a result, the ATB, SN,
PBC, and PN were able to explain 60% of the variance in INT.

The SN, AR, PN, and AC were able to explain 61% of the variance in ATB. The
AC more strongly predicted the ATB than other predictors (6 = 0.38, p < .001).
The BEK predicted the AC significantly (5 = 0.41, p < .001) and accounted for 26%
of the variance in AC, along with the prediction of SN. The AR and PN, which are
activated by the AC, predict the ATB, and the prediction of AC to both AR and PN
had large estimates in this model (5 = 0.66 and 0.49, p < .001). Consequently, it is
suggested that the AC is a key determinant in the energy literacy structural model,
which interprets between BEK and ESB through the ATB and links the AR, PN and
ATB.
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Fig. 5.12. Energy Literacy Structural Model Integrated with the Theory of
Planned Behavior and Value-Belief-Norm Theory with Standardized Coefficients.
Non-Significant Estimates are Indicated by the * Symbol and Dashed Lines.

Table 5.6. Model Fitness Indices between Hypothesis and Energy Literacy Structual
Models.

X2 df GFI AGFI SRMR NFI CFI RMSEA AIC
Energy literacy struc- 116.67 16 0.978 0.937  0.0563 0.979 0.982 0.077 174.67

tural model
Hypothesis model 751.92 22 0.881 0.756 0.196 0.866 0.869 0.176 797.92

5.3.4 Conditional process analysis

Nine moderators were evaluated in the relation between BEK and AC in the
model (See 2.2). As a result, the direct effect of BEK on the AC was moderated
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by CSL, CTA, and NEP (CSL: bs.,, = -.004, 95% CI = -.006 to -.003, p < .001;
CTA: bs.,, = -.009, 95% CI = -.012 to -.006, p < .001; NEP: b3, = -.005, 95%
CI = -.007 to -.003, p < .001) (Table 5.7). The conditional effect of BEK on the
AC decreased as the moderators’ scores increased, except for the relatively high level
group of NEP, which was not significant. These results indicate that relatively low
level group for the BEK is more strongly affected by the moderators: CSL, CTA, and
NEP, relative to the high level group (CSL: by, = 0.07, £(1066) = 2.98, p < .003;
baverage = 0.14, £(1066) = 8.00, p < .001; by, = 0.22, £(1066) = 9.17, p < .001, CTA:
brigh = 0.10, £(1066) = 14.0, p < .001; bgperage = 0.20, £(1066) = 13.0, p < .000;
biow = 0.30, t(1066) = 14.0, p < .001, NEP: by, = -0.00, ¢(1066) = -0.05, p = .96;
baverage = 0.06, £(1066) = 4.15, p < .001; by, = 0.12, £(1066) = 6.36, p < .001).
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The conditional effects of AC on the ATB through the AR at values of the moder-
ators in the mediation model were also examined. It was found that the interactions
between gender, family discussion about energy issues, CSL, CTA, and NEP. Ta-
bles 5.8-5.12 present the estimated regression coefficients for the moderators.

Students with relatively higher AC expressed higher AR (a; = 0.752, 95% CI = 0.711
t0 0.792, p < .001) (Table 5.8). Holding the AC constant, the effect of AR on the ATB
depends on gender (by = 0.111, 95% CI = 0.004 to 0.217, p < .05). Furthermore, the
interaction between gender and AC affects the ATB significantly (c3 = -0.127, 95%
CI =-0.236 to -0.018, p < .05) and the effect of female gender is stronger than that
of male gender (Male: by,q = 0.35, £(1064) = 7.69, p < .001; Female: bepqe = 0.47,
t(1064) = 14.55, p < .001). This result seems that, through moderated mediation,
the indirect effect of AC on the ATB through AR depends on gender, however, the
index of moderated mediation by employing a 95% bootstrap confidence interval on
10,000 resamples includes zero (-0.008 to 0.211). Thus, it cannot be concluded that
the indirect effect of AC on the ATB through the AR depends on gender [28].

Following the same procedure for conditional process analysis, it was found that
the direct effect of AC on ATB depends on several moderators: family discussion of
energy issues, CSL, CTA, and NEP (Discussion: ¢z = 0.046, 95% CI = 0.004 to 0.088,
p < .05; CSL: ¢5 = 0.003, 95% CI = 0.000 to 0.006, p < .05; CTA: ¢3 = 0.005, 95%
CI = 0.001 to 0.010, p < .05; NEP: ¢3 = 0.005, 95% CI = 0.000 to 0.010, p < .05)
(Tables 5.9-5.12). Furthermore, holding the AC constant, the negative effect of AR
on the ATB depends on family discussion of energy issues and the NEP (Discussion:
by = -0.074, 95% CI = -0.115 to -0.034, p < .001; NEP: by, = -0.006, 95% CI =
-0.011 to -0.002, p < .01) (Tables 5.9 and 5.12). Namely, students with fewer family
discussion about energy issues and NEP indicated relatively large indirect effect of
AC on the ATB through the AR (Discussion: by;g, = 0.14, 95% CI = 0.078 to 0.120;
Daverage = 0.20, 95% CI = 0.161 t0 0.255; byey, = 0.27, 95% CI = 0.208 to 0.344, NEP:
brign = 0.15, 95% CI = 0.087 to 0.216; bgyerage = 0.20, 95% CI = 0.155 to 0.250;
biow = 0.25, 95% CI = 0.180 to 0.318).

In summary, the conditional direct effect of BEK on the AC depends on the CSL,
CTA, and NEP. The mediation model (AC — AR — ATB) indicates the effect of
moderated mediation by family discussion of energy issues and NEP, and the effect
of mediated moderation between AC and ATB by gender, family discussion, CSL,
CTA, and NEP.

Although significant differences were observed in the mean comparison, there was
no interaction of school year grade, energy education experience, energy-related fa-

cility tour experience, and home discipline in energy-saving.
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5.4 Discussion

This study investigated the proposed energy literacy structural model, which was
integrated with the TPB and the VBN, to evaluate the causal relationship between
BEK and ESB for lower secondary students in Japan and found that the AC plays
an inevitable role in linking these distal predictors. Furthermore, it was determined
that interactions of gender, CSL, CTA, NEP, and family discussion of energy-related
issues affect the causality between BEK, AC, AR, and ATB. In this section, the status
of basic energy knowledge of Japanese students and their energy literacy structure

are discussed.

5.4.1 Basic energy knowledge

The BEK of Japanese students is insufficient (53%). In particular, on the scientific
items related to energy form, efficiency, and conversion, these students scored lower
than the US middle school students whom this study compared in Chapter 3.5.2
(BEK10: JP 31%, US 44%; BEK11: JP 39%, US 41%; BEK13: JP 41%, US 50%,
p < .001) [29]. In parallel, the CSL, on which the score was similar to that on
BEK, can be discussed as a cognitive component (CSL 52%). The result that female
students scored significantly higher on the BEK than male students did was supported
by the previous chapters (Chapter 3.5.1 and 4.4.1). The females’ better achievement
is likely due to the fact that the same private girls’ junior high school (N = 310)
participated again in the survey, which has excellent academic performance in the
Kansai area (Western Japan). However, it has been determined that this school does
little to affect the gender difference in the BEK (after excluding the results from the
girls’ private school, female 51%, Male 46%, p < .005, Table 5.13) nor the energy
literacy model (the model fitness indices without the results from the girls’ private
school are: N = 310: GFI = .977, AGFI = .934, SRMR = .043, RMSEA = .076,
NFI = .979, and CFI = .983). Moreover, there was no longer gender difference in the
AC, AR, and PN, and the females’ scores decreased significantly on the CSL, CTA,
and NEP.

In the current sample, the females scored, however, higher than the males on
the basic energy knowledge, it seems that knowledge may not contribute coherently
to their beliefs and normative factors (AC, AR, and PN). The potentiality of the
effect of academic achievement level on the relation between BEK and belief and
normative factors should be further clarified. In addition, the amount of BEK little
affect the TPB components (ATB, PBC, INT, and ESB). Further investigation on

the relationship between academic achievement level and gender characteristics for
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energy relevant knowledge, belief and normative factors is required.

Table 5.13. Gender Comparison with Female Groups Before/After Excluding a
Private Girls” School.

N M% SD% SE% p M% SD% SE% »p

BEK AC
Male 348 46.3 23.3 1.25 79.0 13.3 0.71
Female 722 56.2 20.8 0.78 f 81.4 13.0 0.48 X
Female after deleting 412  51.2 20.8 1.03  ** 794 13.2 0.65
AR PN
Male 348 748 14.0 0.75 77.0 15.1 0.81
Female 722 77.2 12.8 048  ** 79.2 13.6 0.51 *
Female after deleting 412  76.6 12.8 0.63 77.5 13.8 0.68
ATB SN
Male 348  80.9 12.0 0.64 62.8 12.5 0.67
Female 722 82.0 11.5 0.43 60.9 12.1 045 *
Female after deleting 412  80.7 11.8 0.58 61.9 12.2 0.60
PBC INT
Male 348 619 18.4 0.99 68.4 15.6 0.84
Female 722 60.6 18.2 0.68 68.4 15.5 0.58
Female after deleting 412  61.9 18.6 0.92 69.2 15.2 0.75
ESB CSL
Male 348 68.4 11.2 0.6 52.7 18.8 1.01
Female 722 66.9 11.9 0.44 52.2 16.5 0.61
Female after deleting 412  67.1 11.7 0.58 47.7 16.0 0.79
CTA NEP
Male 348 654 11.0 0.59 76.0 11.8 0.64
Female 722 63.7 10.8 040 * 76.8 11.7 0.44

Female after deleting 412  63.1 10.5 0.52 ** 740 11.4 0.56  **
*p < .05, ¥* < .01, ¥** < .005, T < .001

According to the other group comparison, there was no significant difference be-
tween the 7th, 8th, and 9th grades in terms of BEK. Students who are aware of
the energy education experience, practice home discipline in energy-saving, and are
involved in family discussions of energy issues obtained higher scores than their coun-
terparts (Education: Yes 54%, No 47%, p < .001; Discipline: Yes 54%, No 51%,
p < .05; Discussion: Yes 57%, No 49%, p < .001). The family influence on stu-
dents’ energy literacy can be supported by Chapter 3.3.3. To summarize the above,
the degree of BEK of Japanese students is relatively low and changes little with the

school year progression, and the amount of knowledge seems to affect their beliefs
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and normative factors.

Although Japanese students ranked 2nd among 72 countries and economies in
the OECD Programme for International Student Assessment: PISA 2015 (OECD
2016), the BEK has not dramatically improved to the ideal level of energy literacy
(70% correct or more [23]) since this survey began in 2014 (for the same items on
the 2014 survey: M 44%, SD 19.2%; BEK in the current survey: M 53%, SD 22.1%,
p < .001). As Chen et al. discussed regarding the situation in Taiwan [30], inter-
disciplinary holistic energy learning has been given little emphasis in the teaching
curriculum, as the units and subjects that are relevant to the EE topics are dispersed
throughout the formal education curriculum in Japan. Although it is recognized that
energy education is a part of the environmental education that is recommended in
the government curriculum guidelines in Japan [31,32], neither actual comprehensive
teaching materials that focus on energy-related issues nor a measure for evaluating
its achievement have been presented. The current situation of energy education in
Japan tends to depend on the degree of contribution by teachers who emphasize the

need for energy education [33].

5.4.2 Energy literacy structure

On the premise that further study is required for the investigation of implications
of the paths beyond the two theoretical models (e.g., SN to AC, AR, PBC to AR),
this study has explored the energy literacy structural model integrated with the TPB
and VBN. Consistent with the previous model (Fig. 4.1), the AC plays an important
role in the energy literacy integrated model and was found to more strongly predict
the ATB than other determinants (8 = 0.38, p < .001).

A conditional process analysis elucidated that there were interactions between
the BEK and CSL, CTA, and NEP in predicting the AC. This indicates that the
prediction of AC requires not only EE knowledge but also scientific literacy, critical
thinking ability, and an ecological worldview or values to evaluate the relevant EE
information. Furthermore, the direct effect of AC on the ATB and indirect effect of
AC on the ATB through the AR depend on the NEP and family discussion of energy
issues. It can be understand that the conditional effect of AC on ATB depends on
the NEP because the correlations between AC and ATB, AC and NEP are relatively
strong (ATB r = 0.73, NEP r = 0.72), and AC is assessed by NEP in the VBN.
Family intervention enhances students’ awareness of adverse consequences of ongoing
energy-related issues, which is of significant importance.

The Schwartz’s Norm-Activation Theory holds that AC determines the activation
of PNs, which drive pro-environmental behavior [34,35], and has been supported by
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substantial evidence for decades (e.g., [36-38]). The score on AC of Japanese students
was 81%, which is fairly high among the overall determinants. They are concerned
that the progression of global warming due to energy overconsumption will cause
environmental destruction and threats to living things (AC05: 87%, ACO08: 82%).
In addition, they believe that resource depletion will be a serious problem for the
country (AC09: 84%). Therefore, they consider people in Japan should save more
energy (AC04: 82%). Most of their concern is based on the environmental issues that
are derived from the mass consumption of energy and fossil resources, so it is natural
that strong intercorrelation is observed between AC and NEP (Table 5.5, r = 0.72,
p < .01). These results can be considered the outcome of environmental education in
Japan. Gender difference in the AC (Male 79%, Female 81%, p < .005) are supported
by previous studies: females tend to be more concerned with EE issues than males
(e.g., [30,39-44]). On the other hand, Black et al. argued that people with greater
knowledge (better-educated people) show more concern about energy [36]. Moreover,
Lyons & Breakwell found that the amount of knowledge about specific environmental
issues is a powerful discriminator between the environmentally concerned group and
its counterpart [45]. These claims support the results that the high score of females on
the BEK affects the degree of AC. In addition, the females’ conditional direct effect of
AC on the ATB is stronger than that of the males (Male: b,,4 = 0.35, £(1064) = 7.69,
p < .001; Female: bpemae = 0.47, £(1064) = 14.55, p < .001). AS such, if the high
score of BEK may affect the degree of AC, pertinent and factual knowledge about
EE issues becomes a powerful predictor for understanding the degree of seriousness
of the problems and perceiving the adverse consequences of the current situation for
future generations and society.

Although school year progression did not show a significant affect in the energy
literacy structural model, it is necessary to discuss the decline in the AC score (AC:
9th grade 79%, 8th grade 81%, p < .05; 7th grade 82%, p < .001 compared to the 9th
grade). However, it is difficult to identify the reason for the score reduction with the
school year progression. It may be that lower-grade students responded to the adverse
consequences of current energy consumption more simply, intuitively, and honestly,
with a feeling of justice. The 7th graders scored significantly higher on two thirds
of the AC items than did the 9th graders (AC03, AC04, AC05, AC07, AC09, and
AC10). DeWaters & Powers reported that the middle students in the U. S. scored
higher than those in high school in response to how effectively they feel they can
contribute to solving energy-related problems [42]. The question item of “I believe
that I can contribute to solving the energy problems by making appropriate energy-

related choices and actions” indicated a significant difference between the middle
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and high school students (MS: 67%, HS: 66%, p < .01). It is conceivable that the
motivation of younger students causes higher performance on the affective domain.
Although, the school years comparison is needed further research with more random
and less bias sampling broadly, for the energy education curriculum development, it
is important to elucidate how students’ energy literacy depends on school years.

Despite Japan consumes a large amount of energy at low energy self-sufficient rate,
many Japanese teachers mention that they do not want to foment or stir up students’
sense of crisis toward energy issues [46]. Actually, it is difficult to provide energy
education in which learning nuclear energy as same as other energy sources, due to
the current controversy over nuclear energy after the severe nuclear accident occurred
in 2011. However, the awareness of consequences differs from that other people inflame
an individual’s sense of crisis. The AC should be promoted and improved by oneself
with the actual information, which students obtained from energy education that
improve their perception and understanding of the current energy issues. And then,
their ability will contribute shaping the future society that is knowledgeable about
energy and the environment.

According to a longitudinal study of the age-stability of political attitudes, youth
is the period in life when attitudes are most flexible, and attitudes become hard-
ened with age [47]. It is assumed that adolescents’ social and political attitudes are
already considerably developed by the time they finish secondary school and main-
tained throughout their lives [48,49]. The same idea may apply to the energy policy:
developing positive attitudes toward EE issues in childhood are important in forming
their attitudes and behaviors regarding appropriate energy choices in later life [50-52].
Thus, it is necessary to implement energy education as early as possible to provide
basic EE knowledge, encourage students’ awareness and attitudes toward engaging in
problem-solving, and cultivate preferable energy conservation habits [33].

The energy literacy structural model was able to interpret EE relevant knowl-
edge, belief, norms, attitudes, and behavior in the energy literacy of Japanese lower
secondary students. The students may be aware of the adverse consequences of on-
going energy-related issues by attaining basic energy knowledge, along with the CSL,
CTA, and NEP. Furthermore, their responsibility for global problem-solving may be
enhanced by the interaction of NEP and family discussion of energy-related issues.
These implications activate their attitudes toward energy-saving behavior. By incor-
porating collaboration with students’ families into the energy learning program, the
implementation of energy education at an earlier educational stage is recommended.

In a tight school curriculum, the time allocated for energy education is limited, so

energy education should be provided in the most effective way possible [44]. The en-
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ergy literacy structural model provides a theoretical contribution to the development
of an effective energy education program that considers the structure of students’

energy literacy.

5.5 Conclusion

This chapter has explored an energy literacy structural model, which was inte-
grated with the Theory of Planned Behavior and Value-Belief-Norm Theory through
the survey of lower secondary students in Japan, and the interactions of moderators
in the model were also analyzed.

The following findings were obtained: energy-saving behavior was predicted by
the intention to perform energy-saving behavior and the perceived behavioral control,
and the intention was determined by the attitude toward the behavior, the subjective
norms, the perceived behavioral control, and the personal norms. The awareness of
consequences plays a critical role in the link between basic energy knowledge and
attitude toward the behavior. The interactions between basic energy knowledge and
civic scientific literacy, critical thinking ability, and environmental value or worldview
are important in predicting the awareness of consequences. Furthermore, the condi-
tional direct and indirect effects of awareness of consequences on the attitude toward
the behavior depend on environmental values or worldview and family discussion of
energy and environmental issues.

The energy literacy structural model proposed would contribute theoretically to
the development of an effective energy education program by adapting the concept

of energy literacy to link basic energy knowledge and energy-saving behavior.
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Chapter 6

Energy literacy assessment

6.1 Introduction

In the previous chapter, the energy literacy structural model has been constructed
by integrated with social psychology models, and succeeded in applying it to lower
secondary students in Japan. Subsequently, to assess the applicability of energy
literacy model, and to provide empirical data of a cross-cultural perspective on energy
literacy that have implications for understanding of students’ energy literacy in Japan,
the international assessment was planned. The key points of country selection are: the
low energy self-sufficiency country, the island country, and the Asian countries where
have been developing rapidly and consuming a large amount of energy. This study
suggested France, Taiwan, Malaysia, Indonesia, and Thailand as candidate countries
and prepared the questionnaires in each language. As a result, since the sample size
in Thailand was acceptable to compare, the assessment focused on Thailand and
compared with the result of Japan.

Thailand has been playing an important role in the promotion of regional economic
integration, economic growth, and harmonious cooperation in energy and other sec-
tors through APEC [1]. Recent years, they have recognized that sound society requires
well-informed public participations in the solution of energy-related issues.

As it has been introduced in literature reveiws section in Chapter 1.3, the Yueny-
ong & Jones comparative study between Thai and New Zealand students [2] indi-
cates that students’ idea about energy-related issues varies at their attributes which
are influenced by the socio-cultural perspective. People’s beliefs and values depend
on social norms. The evaluative predispositions are formed by social backgrounds
and experiences produced by diversity of religious, artistic, political, economy, and
other attitudes within and between cultures [3]. Education reflects values, norms,

beliefs, culture, and science and technology, that are shaped by the time and social
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background, and learning involves knowledge construction and taking a stand on the
culture of one’s community [2]. Through the energy literacy structural model, it
has been proposed that students’ attitudes are produced by their beliefs and values
which underlie informative knowledge, and that attitudes activate their intention to
energy-saving behavior. Since studying differences in attributes will characterize en-
ergy literacy of Japanese students and give some implications for the development of
energy education, it is worthwhile comparing Thai and Japanese students in energy

literacy.

Thai identity stems from national religion. With more than 93% of the nation be-
ing Theraveda Buddhism, the belief system and values of Buddhism play a major role
in daily life. The most important values that Thai people hold throughout the coun-
try are: respect, self-control, and non-contrary attitudes. Thai children is expected
humility and to respect senior people [2,4-6]. While in Japan, Shinto and Buddhism
are major religions, however, religion is not emphasized in everyday life like in Thai.
Religion is free, separated from the country, and rarely discussed in daily life. The
majority of Japanese do not claim to be religious or worship regularly. Instead, it can
be hardly distinguishable from Japanese social and cultural values, a code of moral,
and way of living. The average Japanese people follow the religious rituals occasion
as birth, weddings, funerals, New Year, and Matsuri (local festival), the Western cer-
emonial style is also embraced [7-9]. Considering another perspective of normative
factor, Japan is perceived one of the representatives of a collectivistic culture in the
world and those respect their group memberships, decisions, and expectations [10-13].
Subjective norms which are formed by social pressures and expectations may affect
both students’ energy literacy.

The goal of Thai science education is set to develop those who can make decisions
about issues entwined with science, technology, and society with a multidimensional
scientific and technological literacy [14]. Thus, as Yuenyong has suggested, learn-
ing energy issues is a good opportunity for Thai science education to explore their
challenges to improve the school science program more practical to foster students’
skills of understanding, analysis, decision-making, and values to deal with science,
technology and social issues [4]. Education in Japan has achieved major success the
rich economic society and securing lifestyles by the efforts of every individual through
the ideal of equal education opportunity, raises the academic standards of nation, and
contributing development of society [15]. On the other hand, the country has been
facing with serious issues in a rapid change and globalization as hollowing out the

industry, declining of the working-age population, and ageing society [16]. It is also
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concerned that declining children’s motivation to learn, declining norm consciousness
in society as a whole, and value changes in family and local community [16]. The
Ministry of Education, Culture, Sports, Science and Technology (MEXT) requires
both academic and moral education in the Course of Study [16]. The moral educa-
tion focuses on values in justice and responsibility, mutual respect and cooperation,
gender equality, a civic spirit for nurturing the country and community to enable
children to foster a zest for living. Learning EE issues is perceived as a part of char-
acter formation [17]. Its objective is grounded on the essence where learning social
problems encourages a zest for living that enables individuals to identify social chal-
lenges and to engage problem-solving by sound skills, values, actions, and ability to
decision-making [17]. It may be considered that Thailand and Japan resemble in the
context of social norms and the perception of EE education.

Thailand is located in South-East Asia bounded by Myanmar, Lao People’s Demo-
cratic Republic, and Cambodia, and has a land area of about 513 square kilometers
(km?), and had a population of approximately 69 million at the end of 2017 [18].
Thailand is the second largest economy in the Association of South East Asian Na-
tions (ASEAN) and its gross domestic product (GDP) is projected to a 152% grow
from 2013 to 2040, while population is expected to increase 8% [19]. Thailand de-
pends on energy imports accounting for 46% of the total primary energy imports.
Oil is the main imports energy, which depends on the Middle East. Thailand has
limited resources so that oil and gas imports will be inevitable to continue because
its domestic oil and gas resources will be assumed to deplete by 2019 and 2022,
respectively [1,19]. The Thai Ministry of Energy recognizes the need of energy se-
curity and conservation for sustainable energy management, economic growth, and
mitigating greenhouse gases emissions [20]. However, in 2016, the anti-coal groups
protested against the current energy policy of the transition to clean coal technology
for power generation and diversification of resources due to the reason of that most
coal produces air pollution and emits greenhouse gases [19]. Reflecting this experi-
ence, Thai’s energy policy also seeks to build a knowledge-based society to promote
harmonized cooperation in energy and other sectors [1]. Both the Ministry of Energy
and Ministry of Education emphasize the need of public awareness and participation

in energy-related issues [21].

6.1.1 Overview of energy education in Thailand

The Ministry of Energy and Ministry of Education have launched the project of
promotion of teaching about energy in basic education in Thailand in 2009 [21]. Be-

cause energy literacy is indispensable for people in Thailand and lack of knowledge
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and understanding relevant to energy is more likely to affect various field in soci-
ety. With the cooperation of the National Energy Education Development Project
(NEED) in the U. S. [22], teachers’ trainings and teaching materials developments
have been implemented. The energy textbooks and handbooks for both students and
teachers titled “Fuel for Transportation” and “Alternative Energy and their uses”
were developed in 2012 and 2013, respectively. These educational materials have
been widely introduced throughout the country and over 2000 teachers have partici-
pated in the workshops which provide the effective manner of using teaching materials.
Some of teachers participated in a tour to the hydroelectric power plant for capac-
ity building. It was reported that 94% of teachers who participated were satisfied
with this project. In 2014, the Energy STEM (Science, Technology, Engineering and
Mathematics) Project has been launched and they have developed four STEM Energy
Activity Handbooks to be introduced in the science curriculum targeting from the
7th to 9th grade [23]. Currently, this project are exploring an evaluation manner of
students’ energy literacy to assess the outcome of the project [21].

The purpose of this Chapter is to assess the applicability of energy literacy struc-
tural model. Furthermore, it is to provide empirical data of a cross-cultural perspec-
tive on energy literacy that have implications for the development of energy education
in Japan. The interaction effects of Thai and Japan are further analyzed in conjunc-

tion with the energy literacy structural modeling.

6.2 Materials and Method

6.2.1 Questionnaire preparation

The survey in Thailand employed the same questionnaire as Chapter 5 (Table 2.4).
It was translated into Thai language and modified to meet domestic energy-related
circumstances by working with Thai researchers in Kyoto University and Chiang Mai
University. With advices of Thai researchers, it was considered to mitigate the burden
of working on the survey on Thai students. As a result, the items of civic scientific
literacy (CSL), critical thinking ability (CTA), and new ecological paradigm (NEP)
were omitted. A set of nine components with eighty-three items was carried out for
the survey, where: basic energy knowledge (BEK), awareness of consequences (AC),
ascription of responsibility (AR), personal norm (PN), attitude toward the behavior
(ATB), subjective norm (SN), perceived behavioral control (PBC), intention to act
(INT), and energy-saving behavior (ESB). The item ESBO03 in the ESB regarding

room temperature control in summer and winter has been deleted beforehand because
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it is not suit for the custom in Thai tropical climate. The self-rating question items
of the experience of energy education and energy facility-tour, the presence of home
discipline in energy-saving were conducted in conjunction with demographics. The

questionnaire which was used in school is presented in Fig. E.3 in Appendix E.3.

6.2.2 Sampling

A total seven schools which were selected by researchers of Chiang Main University
participated in the survey. They are located in Chiang Mai, Udon Thani (two schools),
Udon Ratchathani, Bangkok, Pathum Thani, and Trang (Fig. 6.1). The printed
questionnaires were distributed and the surveys were conducted in the classroom
by each school teacher in March, 2017. The completed questionnaires were sent
back in PDF, and the responses were input by the author. The valid responses
of 635 with no missing values that is 58% valid response rate from 1066 samples,
that were collected from students in the 7th, 8th, and 9th grades (ages 13-15), were
analyzed. Table 6.1 presents of the sample distribution of both countries (Japan’s
sample information is reshown, see Table 5.1). The samples of serial number Thai_2
(N = 20) was removed because these ages are high school students. The sample size
can characterize the entire population of lower secondary students in Thailand that
is 2,579,804 UIS 2015 (UNESCO Institute for Statistics) [24] at the margin of error
which is plus or minus four percentage points at the 95% confidence level. While
taking into account of uneven samples between gender and school years, this study

have compared subgroups.

Chiang Mai Udon Thani (2)
Pathum
Thani \
Bangkok —

Ubonrachathani
Trang———e®

Fig. 6.1. Locations of Survey Participants in Thailand in 2017.
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Table 6.1. Sample Distribution of Thailand and Japan.

Country N  Male Female 7th 8th 9th Collection Rate of valid %
Thai_1 191 64 127 1 12 178 291 65.6
Thai_3 74 20 54 0 0 74 99 4.7
Thai 4 70 14 56 39 30 1 152 46.0
Thai 5 45 25 20 0 45 0 81 55.6
Thai_6 67 25 42 29 15 23 94 71.3
Thai_7 155 48 107 52 46 57 299 51.8
Thai_8 33 13 20 0 11 22 50 66.0

Thai_Total 635 209 426 121 159 355 1066 59.6
JPN_1 310 0 310 139 91 80 427 72.6
JPN_2 171 90 81 36 58 77 356 48.0
JPN_3 141 71 70 45 45 51 252 55.9
JPN_4 132 56 76 40 51 41 221 59.7
JPN.5 107 41 66 57 0 50 165 64.8
JPN_6 70 36 34 34 0 36 140 50.0
JPN_7 12 5 7 1 6 5 14 85.7
JPN_8 127 49 78 0 0 127 199 63.8

JPN_Total 1070 348 722 352 251 467 1774 60.3

Grand Total 1705 557 1148 473 410 822 2840 60.0

6.2.3 Questionnaire reliability

Both samples of Thailand (N = 635) and Japan (N = 1070) were integrated
and measured internal consistency and validity, Cronbach’s alpha values to evaluate
reliability how closely related a set of items in each component. As a result, a total
of seventy-eight items was selected. Table 6.2 presents reliability of each predictor

raging from 0.69 to 0.82 which are acceptable.
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Table 6.2. Reliability of Each Predictor in the Integrated Sample with Thailand

and Japan.

Predictors No. of items Reliability Items eliminated
Basic energy knowledge 20 0.712 -
Awareness of consequences 11 0.822 -
Ascription of responsibility 6 0.713 ARO06
Personal norm 5 0.693 -
Attitude toward the behavior 7 0.730 -
Subjective norm 9 0.818 -
Perceived behavioral control 5 0.718 PBCO02, 05
Intention 4 0.718 INTO1
Energy-saving behavior 11 0.708 ESBO05
Total 78
6.3 Result

6.3.1 Energy literacy results
6.3.1.1 Overall

Both students performance are summarized in Table 6.3. To aid in visually com-
paring, a bar chart is presented in each subgroup comparison.

The mean comparison between two countries is shown in Fig. 6.2 and the sample
ratio of Japan is 63% and Thai, 37%. Students in Japan scored significantly higher
on the BEK than those in Thai (48%, 41%, p < .001). Although, the item difficulty
should be in the range of 0.4 to 0.8 [25], the performance of both students on the BEK
was still unsatisfactory for the 70% correct answer rate which is the ideal difficulty
level of five multi-choice items [26]. While, Thai students indicated significantly
higher on other components than those counterparts (p < .001) except the AC. In
particular, they scored higher than Japan on the SN (73%, 61%, p < .001). Even
if students in Japan have a large amount of knowledge with respect to EE issues, it

does not necessarily lead to the entire energy literacy.
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Fig. 6.2. Mean Comparison between Thailand and Japan.

6.3.1.2 Subgroups comparison

Gender
Fig. 6.3 presents gender mean comparison between both countries. Both gender dis-
tributions of Thailand and Japan were same as 33% for males and 67% for females.
Thai female students indicated significantly higher scores than those in Japan on
almost all components except the BEK and AC. For Japanese students, there were
significant gender differences on the BEK (Males 42%, Females 51%, p < .001), AR
(Males 75%, Females 77%, p < .05), and ESB (Males 68%, Females 66%, p < .005).
On the other hand, no gender differences in Thai students were observed.

Thai_Male (N = 209)

H JPN_Male (N = 348)

Thai_Female (N = 426)

W JPN_Female (N = 722)

Maximum attainable score (%)

BEK AC

AR PN

ATB SN

PBC

INT ESB
+p<.001

Fig. 6.3. Mean Comparison of Gender between Thailand and Japan.
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School years

Fig. 6.4 presents mean comparison in the school years between both countries. Thai
grade distributions were 19%, 25%, and 56% in the 7th, 8th, and 9th grade, and those
of Japan were 33%, 23%, and 44%. There was no grade difference on the BEK in both
countries. The 9th grade of Thai scored significantly higher than those in Japan on
almost all components except the BEK and AC. In particular, Thai students scored
significantly higher on the SN than those in Japan among all grades. Interestingly,
scores of Japanese students seem to decline with the school year progression. In fact,
the 7th grade of Japan scored higher than 9th grade on the AC (82%, 78%, p < .001),
AR (78%, 75%, p < .01), PN (76%, 73%, p < .005), ATB (79%, 76%, p < .005), INT
(70%, 66%, p < .01), and, ESB (68%, 65%, p < .001). On the contrary, overall Thai’s
actual scores tend to increase according to the school year progression, in details, a
statistical test found that the 9th graders scored higher than the 7th graders on the
PBC (73%, 67%, p < .01) and ESB (72%, 68%, p < .05).

Thai_7th (N =121) WJPN_7th (N =352) = Thai_8th (N =159) WJPN_8th (N=251) Thai_9th (N =355) mJPN_Oth (N =467)

Maximum attainable score (%)
883
|

&
—

\

\

\

\

\

\

BEK AC AR PN ATB SN PBC INT ESB
® p< 01,1 <.001

Fig. 6.4. Mean Comparison in the School Years between Thailand and Japan.

Experience of energy education

Fig. 6.5 presents mean comparison between both countries in the students’ energy
education experience. The proportion of students who have experienced energy edu-
cation was 91% for Thai and 81% for Japan. For both countries, students who have
experienced energy education scored significantly higher than their counterpart on
the BEK (Thai: Yes 41%, No 34%, p < .05, Japan: Yes 49%, No 43%, p < .001),
AC (Thai: Yes 79%, No 74%, p < .05, Japan: Yes 80%, No 77%, p < .01), and ATB
(Thai: Yes 83%, No 79%, p < .05, Japan: Yes 78%, No 74%, p < .001). Furthermore,

Japanese students who have experienced the energy education indicated significant
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high scores on the AR (Yes 77%, No 74%, p < .01), PBC (Yes 67%, No 63%, p < .05),
and ESB (Yes 67%, No 65%, p < .05). While for Thai students, there was a signif-
icant difference on the PN (Yes 80%, No 72%, p < .001). Interestingly, despite the
difference of the mean values of two countries on the SN was significant, the energy
education experience did not affect the students’ SN in both countries.

Thai_Yes (N = 576) mJPN_Yes (N = 866) Thai_No (N = 59) ®JPN_No (N = 204)

Maximum attainable score (%)

BEK AC AR PN ATB SN PBC INT ESB

< 01,1 <.001

Fig. 6.5. Mean Comparison in the Energy Education Experience between Thailand
and Japan.

Experience of tour of energy-related facility

Fig. 6.6 presents mean comparison between both countries on students’ experience of
energy-related facility tour. Approximately 30% of students of both countries have
visited energy-related facility. There were significant differences on the SN (Yes 75%,
No 71%, p < .001) and ESB (Yes 74%, No 71%, p < .005) for the Thai students. On
the other hand, Japanese students who have experienced the tour of energy-related
facility scored significantly higher than those counterparts on all components except
the BEK ( AC: Yes 82%, No 79%, p < .001; AR: Yes 79%, No 75%, p < .001; PN:
Yes 76%, No 74%, p < .01; ATB: Yes 80%, No 76%, p < .001; SN: Yes 64%, No 60%,
p < .001; PBC: Yes 69%, No 656%, p < .001; INT: Yes 72%, No 67%, p < .001; ESB:
Yes 70%, No 65%, p < .001). Therefore, it can be claimed that the experience of
energy-related facility-tour affects the students’ energy literacy in Japan. Moreover,
this experience is likely to affect the SN and ESB for students in both countries.
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Fig. 6.6. Mean Comparison in the Experience of Energy-Related Facility Tour
between Thailand and Japan.

Home discipline in energy-saving

Fig. 6.7 presents mean comparison between both countries on home discipline in
energy-saving. The proportion of students who respond “Yes” to the presence of
home discipline in energy-saving was 61% for Thai and 63% for Japan. The significant
difference was indicated on the SN (Yes 74%, No 71%, p < .05) and INT (Yes 76%,
No 73%, p < .05) for Thai students. Meanwhile, Japanese students who answered
that their parents train their son(s)/daughter(s) for energy-saving scored significantly
on all components than those counterparts except the BEK (AC: Yes 82%, No 76%,
p < .001; AR: Yes 79%, No 73%, p < .001; PN: Yes 77%, No 71%, p < .001; ATB:
yes 80%, No 74%, p < .001; SN: Yes 65%, No 56%, p < .001; PBC: Yes 69%, No
60%, p < .001; INT: Yes 73%, No 61%, p < .001; ESB: Yes 69%, No 63%, p < .001).
As a whole, it can be assumed that the energy literacy of Japanese students is more

likely to be influenced by their home discipline in energy-saving than students in Thai.
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Fig. 6.7. Mean Comparison in the Home Discipline in Energy-Saving between Thai-
land and Japan.
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*p<.05,% < 01, <.001

In summary, Thai students indicated higher score than Japanese students in en-
ergy literacy except knowledge, no gender differences, and a tendency of score in-
creasing with the school year progression. Thai SN is significantly higher than Japan,
however, it is not affected by the energy education experience. While, students in
Japan indicated that the amount of BEK does not alone lead their energy literacy,
which can be supported by Chapter 3.6. The gender differences were observed in the
BEK, AR, and ESB and the scores tend to decrease with the school year progression.
The experiences of energy education and tour of energy-related facility and home dis-
cipline in energy-saving influenced energy literacy of Japanese students. In addition,
this survey reported that ESB of both students was influenced by the experience of
tour of energy-related facility.
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Table 6.3. Mean Comparison of Subgroups between Thailand and Japan.

BEK AC AR
N Mean (%) SD SE  p  Mean (%) SD SE p  Mean (%) SD SE P
Total 1705 45.27 18.79 0.46 79.43 11.87 0.29 77.80 12.83 0.31
Thai Overall 635 40.78 17.09 0.68 78.91 11.33 045 80.08 11.75  0.47 T
Japan  Overall 1070 47.94 19.25 0.59 T 79.74 12.18 0.37 76.45 13.25 041
Gender
Thai Male 209 39.40 18.04 1.25 79.76 11.30 0.78 80.27 11.60 0.80 T
Female 426 41.46 16.58  0.80 78.49 11.34 0.55 79.99 11.84 0.57  ***
Japan Male 348 41.81 19.71  1.06 78.40 12.39 0.66 74.80 14.05 0.75
Female 722 50.89 18.31 0.68 T 80.38 12.02 045 * 77.24 12.79 0.48
Grade
Thai Tth 121 39.09 14.59 1.33 77.18 11.63  1.06 78.98 11.66 1.06
8th 159 42.08 20.75 1.65 77.75 12.74 1.01 79.81 13.11  1.04
9th 355 40.77 16.03 0.85 80.02 10.44  0.55 80.58 11.14 0.59 t
Japan 7th 352 47.74 17.72  0.94 t 81.61 11.66  0.62 *x 78.03 12.80 0.68
8th 251 46.93 19.29 1.22 80.63 12.52  0.79 76.99 13.97 0.88
9th 467 48.63 20.31  0.94 T 77.84 12.12 0.56 74.97 13.06  0.60
Education
Thai Yes 576 41.46 17.13  0.71 79.38 11.23  0.47 80.44 11.59 0.48 T
No 59 34.15 15.32 1.99 74.24 11.34 1.48 76.61 12.81  1.67
Japan Yes 866 49.15 19.09 0.65 T 80.31 11.99 041 77.10 13.17  0.45
No 204 42.82 19.13  1.34 ** 77.32 12.68 0.89 73.69 13.27  0.93
Tour
Thai Yes 205 41.59 19.20 1.34 78.04 12.04 0.84 79.54 13.24  0.92
No 430 40.40 15.99 0.77 79.32 10.97 0.53 80.34 10.98 0.53 T
Japan Yes 317 49.46 19.15 1.07 82.14 11.50 0.65  *** 78.93 13.25 0.74
No 753 47.30 19.26  0.70 T 78.72 12.31 0.45 75.41 13.13 0.48
Discipline
Thai Yes 388 41.97 17.76  0.90 79.28 11.24 0.57 80.76 11.81  0.60 *
No 247 38.91 15.83 1.01 78.32 11.47 0.73 79.03 11.60 0.74 t
Japan Yes 675 48.96 18.98 0.73 T 81.63 11.18 0.43 *x 78.62 12.64 0.49
No 395 46.20 19.60 0.99 T 76.50 13.10 0.66 72.73 13.47 0.68
PN ATB SN
N Mean (%) SD SE  p Mean (%) SD SE P Mean (%) SD SE P
Total 1705 76.11 13.05 0.32 79.45 11.96 0.29 65.66 13.17 0.32
Thai  Overall 635 78.87 12.81 0.51 T 82.57 11.88  0.47 t 72.66 11.59 0.46 t
Japan  Overall 1070 74.46 12.92  0.39 77.59 11.61 0.35 61.51 12.27 0.38
Gender
Thai Male 209 79.89 12.49 0.86 T 82.41 11.93 0.82 T 74.41 12.22  0.85 T
Female 426 78.38 12.95 0.63 T 82.66 11.88 0.58 T 71.80 11.18 0.54 T
Japan Male 348 73.72 13.50 0.72 77.36 12.09 0.65 62.76 12.49 0.67
Female 722 74.82 12.62 0.47 77.70 11.38 0.42 60.91 12.12  0.45
Grade
Thai 7th 121 76.96 12.47 1.13 80.85 12.02  1.09 69.84 10.76  0.98 T
8th 159 77.96 14.16 1.12 81.42 13.81 1.09 76.04 13.09 1.04 T
9th 355 79.93 12.21  0.65 T 83.68 10.77  0.57 T 72.11 10.8  0.57 T
Japan 7th 352 76.23 12.47  0.66 79.19 11.56  0.62 62.01 12.56  0.67
8th 251 75.14 13.79 0.87 78.69 11.68 0.74 62.62 11.93 0.75
9th 467 72.77 12.57 0.58 75.79 11.39 0.53 60.54 12.18 0.56
Education
Thai Yes 576 79.58 12.52  0.52 t 82.96 11.67 0.49 t 72.70 11.58 0.48 t
No 59 72.00 13.72  1.79 78.79 13.34  1.74 72.24 11.72  1.53 T
Japan Yes 866 74.84 13.00 0.44 78.31 11.48 0.39 61.85 12.44 0.42
No 204 72.86 12.47 0.87 74.51 11.68 0.82 60.06 11.43  0.80
Tour
Thai Yes 205 77.95 13.87  0.97 82.09 12.37 0.86 75.50 12.52  0.87 T
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N Mean (%) SD SE p  Mean (%) SD SE D Mean (%) SD SE D
No 430 79.31 12.27 059 f 82.80 11.65 0.56 t 71.31 10.87  0.52 t
Japan Yes 317 76.38 13.17  0.74 80.44 11.30  0.63 63.93 12.75 0.71
No 753 73.66 12.73  0.46 76.39 11.54  0.42 60.49 11.93 0.43
Discipline
Thai Yes 388 79.08 12.92 0.66 * 82.99 11.64 0.59 t 73.74 12.00 0.61 t
No 247 78.54 12.66 0.81 ¢ 81.92 12.25 0.78 t 70.97 10.71  0.68 t
Japan Yes 675 76.61 12.37  0.48 79.85 10.89  0.42 64.95 11.23  0.43
No 395 70.79 13.01  0.65 73.72 11.8 0.59 55.62 11.73  0.59
PBC INT ESB
N Mean (%) SD SE  p  Mean (%) SD SE p  Mean (%) SD SE P
Total 1705 67.92 15.51  0.38 70.84 15.13  0.37 68.83 11.41 0.28
Thai Overall 635 70.95 13.38 053 f 74.97 13.47  0.53 t 72.17 10.70  0.42 t
Japan  Overall 1070 66.12 16.39 0.5 68.39 15.53  0.47 66.84 11.36  0.35
Gender
Thai Male 209 69.21 12.83  0.89 75.53 14.45  1.00 t 73.13 11.36  0.79 t
Female 426 71.80 13.58 0.66 f 74.69 12.97  0.63 t T1.7 10.34  0.50 t
Japan Male 348 66.39 16.62 0.89 68.39 15.62 0.84 68.51 11.24 0.60
Female 722 65.98 16.28  0.61 68.39 15.50 0.58 66.04 11.34  0.42
Grade
Thai Tth 121 67.14 12.64 1.15 72.77 11.88 1.08 68.58 9.30 0.85
8th 159 69.66 13.28 1.05 76.70 15.56  1.23 t 74.91 12.62 1.00 t
9th 355 72.82 13.37  0.71 f 74.94 12.89  0.68 t 72.17 9.84 0.52 t
Japan 7th 352 67.38 17.28 0.92 70.03 15.37  0.82 68.40 11.78 0.63
8th 251 66.93 15.43  0.97 69.72 15.38  0.97 68.00 11.91  0.75
9th 467 64.73 16.12  0.75 66.43 15.55  0.72 65.05 10.47  0.48
Education
Thai Yes 576 71.34 13.54 056  f 75.30 13.33  0.56 t 72.43 10.72  0.45 t
No 59 67.12 11.12  1.45 71.69 14.49 1.89 69.68 10.29 1.34 t
Japan Yes 866 66.76 16.26  0.55 68.87 15.65 0.53 67.30 11.40 0.39
No 204 63.39 16.69 1.17 66.35 14.89 1.04 64.89 11.01  0.77
Tour
Thai Yes 205 70.44 13.35 0.93 76.90 14.85 1.04 t 74.48 12.18 0.85 t
No 430 71.19 13.41 065 f 74.05 12.68 0.61 t 71.07 9.74 047 t
Japan Yes 317 69.07 16.08  0.90 71.64 15.49  0.87 70.09 11.37  0.64
No 753 64.87 16.37  0.60 67.02 15.36  0.56 65.48 11.08 0.40
Discipline
Thai Yes 388 71.66 13.45 0.68 76.13 13.62  0.69 t 73.00 11.09 0.56 t
No 247 69.83 13.23 0.84 T 73.14 13.06 0.83 t 70.87 9.94 0.63 t
Japan Yes 675 69.47 15.53  0.60 72.56 13.87  0.53 69.22 10.84 0.42
No 395 60.38 16.23  0.82 61.27 15.66  0.79 62.78 11.08 0.56

* p < .05, ¥F < .01, ¥F* < .005, T < .001
End of the table
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6.3.1.3 Item analysis

The results of item analysis were summarized in Appendix D Table D.1. The item
asking about definition of energy in the BEK, both students’ scored discouragingly
low and so was the discrimination index, less than 0.01 (BEK06: Japan overall 13%,
D = 0.08; Thai overall 24%, D = 0.02). Energy definition should be learned at the
beginning of energy education because it becomes essential knowledge to understand
the energy. Both students also indicated low score on the question about a degree
of dependence on imported energy resources in the country (BEKO03: Japan 20%,
D = 0.22; Thai 17%, D = -0.01). Energy self-sufficiency rate of the country is a
pivotal knowledge in considering the energy choice. Japanese students indicated a low
score on the item about photosynthetic products (BEK05: Japan 20%, D = 0.08),
whereas, the forms of energy seemed to be an unlearned item for Thai students
(BEK10: Thai 9%, D =-0.01). Japanese students scored well for the items of nuclear
energy and energy conservation (BEK02 and BEK12) and Thai students showed a
well performance for the items regarding scientific basic knowledge relevant to energy
(BEKO1, BEK05, BEK06, BEK15).

The question item in the AR section that statement is “the authorities, not the
public, are responsible for energy saving and the environment (reverse question)”
could not discriminate the performance of Thai students (AR06: Thai overall 48%,
D = -0.05). Finally, this item was eliminated according to the internal consistency
evaluation.

Due to the high score of both highest- and lowest-scoring groups on the item of
ATB for Japanese students, the discrimination index of “For me energy saving is
important” was 0.16 (ATBO1: Japan overall 82%).

In the SN section, the high perception of Thai students to fulfil the expectations
of significant others was observed (in the range of 65%-79%). In particular, Thai
students indicated strong perception of the expectations of their family, people who
are important to him/her, and their classmates, and these discrimination indices were
all well. Conversely, the response of Japanese students to the SN section was relatively
lower than those of Thai (in the range of 50%-68%).

The item of “energy-saving is up to me” (PBC02) and “how often do you encounter
unanticipated events that you cannot do energy-saving (reverse question)” (PBCO05)
indicated the low discrimination indices (PBC02: Japan D = 0.18, Thai D = 0.19;
PBCO05: Japan D = 0.15). These items were eliminated by evaluating the internal
consistency. Students in both countries indicated a high score on the item of “when I
leave a room, I turn off the light” (ESBO01: Japan 90%, D = 0.16; Thai 84%, D = 0.18)

so that this item could not discriminate the highest- and lowest-scoring groups.
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Students’ item selection on all items is presented in Fig. D.1-D.5 in Appendix D.

6.3.2 Intercorrelations between components

The Spearman’s rank correlation coefficients between each component are given,
and overall were positive and significant (p < .05) except the Japan’s intercorrelation
between BEK and SN (r = 0.03, no significant) and BEK and ESB (r = 0.05, no
significant) (Table 6.4). Fig. 6.8 shows clearly to see that Thai’s intercorrelation
between components tends stronger than Japan. In particular, the intercorrelations
between the SN, ESB, and other components were significantly stronger than those
of Japan. Both countries showed high correlation coefficients between AC and AR,
PN, and ATB (r = 0.71-0.78). Moreover, the significant differences between Thai
and Japan on the intercorrelation between the SN and other components are likely to
be produced by the fact that Thai scored higher mean value than Japan on the SN
(mean of SN: Thai 73%, Japan 61%, p < .001, Table 6.3). Thus, it can be considered
that the AC in both countries and the SN in Thai play an important roles in both

students’ energy literacy.
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B BEKjpn O BEKthai EACjpn  OACthai EARjpn O ARthai EPNjpn O PNthai

ns_ns

AC AR PN ATB SN PBCINT ESB AR PN ATB SN PBC INT ESB PN ATB SN PBC INT ESB

W ATBjpn OATBthai B SNjpn [OSNthai W PBCjpn [OPBCthai B INTjpn O INTthai

0.9 -~
0.8

0.6

0.4
0.3
0.2
0.1

SN PBC INT ESB PBC INT ESB INT ESB ESB

ns: no significant

Fig. 6.8. Results of A Test of the Difference of Correlation Coefficient between
Thailand and Japan.

6.3.3 Energy literacy structural model for the integrated sam-

ples of Thailand and Japan

To apply the integrated samples of Thailand and Japan (N = 1705) to the energy
literacy model, the correlations among the predictors were calculated with the non-
parametric Spearman’s rank correlations (p). The summary is reported with the
descriptive statistics in Table 6.5. All correlation coefficients were significant (p < .01)
except between the BEK and SN (r = .002).
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The energy literacy structural model for students in Thai and Japan was depicted
as Fig. 6.9. Two paths were added to the original integrated model, which were from
the SN to PN and from the PBC to AC. The model fitness indices indicated relatively
acceptable values: GFI = 0.958; AGHI = 0.865; SRMR = 0.045; NFI = 0.963;
CFI = 0.964; RMSEA = 0.120. All factor loadings ranged from 0.14 to 0.62 in the

standardized estimates, and were significant except covariance between the BEK and

SN (8 =0.02, p = 0.513).
R?= .62
Ascription of
responsibility
.62

R?= 32 32 R2=.65

.19
Basic energy 36 Awareness of '14 45 Personal
>\ knowledge consequences 18 norm

i 02" /
.‘.\ 21 17
15 o b Attitude R?= .67
Subjective toward the
norm &hwwr
22
44 32 21
Perceived 26

behavioral Intention R2= 62
control K

58

Energy-saving \ R?=.50
behavior

Fig. 6.9. Energy Literacy Structural Model for the Integrated Sample of Thailand
and Japan with Standardized Coefficients. A Non-Significant Estimate is Indicated
by the * Symbol.

According to the energy literacy structural model, the INT and PBC were able
to explain 50% of the variance in ESB (3 = 0.58 and 0.20, p < .001, R* = 0.50).
The ATB, SN, PBC, and PN accounted for 62% of the variance in the INT. The
SN, AR, PN, and AC explained 67% of the variance in the ATB. The AC predicts
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ATB stronger than other predictors (8 = 0.38, p < .001). The BEK predicts AC
significantly (5 = 0.36, p < .001) and accounted for 32% of the variance in AC
along with the prediction by the SN and PBC. Whereas, both the AR and PN were
predicted by the AC larger than the estimated values in this model (8 = 0.62 and
0.45, p < .001). Thus, it can be suggested that the AC is a critical determinant in
explaining the relationship between the BEK and ESB mediated by the ATB in the
energy literacy model of Thailand—-Japan integrated sample.

The standardized regression coefficients of both countries are presented in Fig. 6.10.
The model fit indices of Japan are well, whereas those of Thai indicates that Thai
model could be further improved. It will be explained in the discussion section. All
estimates are significant except that the covariance between BEK and SN of Japan
is non-significant (p = 0.19).

P 67 Ascription of
TH .59 responsibility
R?=JP 32

TH .39

P 36 ,' P 47
Basic energy TH .26 Awareness of Personal
knowledge consequences »As norm
Jp 21 P .
12
TH .43
P 04 (p=.19)
TH .23
o 44 JP [
TENA40 THJ.

P .09 Subiecti %'II)-I ij Attitude 3
TH 40 ubjective : toward the 39
norm .

w‘wlor
JP 29
P 48 33 JP 20 P 20
TH 27 TH .29 TH 22
Perceived {'II){TS
. 5 . R*=JP 63
|
behavioral ntention TH 57
control
JP 49
JP .29 TH .65
H .06

Energy-saving \R*=JP 51
behavior TH 45

Fig. 6.10. Standardized Regression Coefficients of Japan and Thailand on Energy
Literacy Model. Japan: GFI = 0.976; AGHI = 0.924; SRMR = 0.033; NFI = 0.980;
CFI = 0.982; RMSEA = 0.084, Thai: GFI = 0.908; AGHI = 0.705; SRMR = 0.075;
NFI = 0.909; CFI = 0.912; RMSEA = 0.189.
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6.3.4 Conditional process analysis

A conditional process analysis were conducted to examine whether the interaction
of country can be found in the energy literacy model. The moderator was coded as
zero for Japan and one for Thai. Table 6.6 presents the results of analysis whether the
moderator (country) affects the relationship between a predictor (X) on an outcome
(Y). As aresult, the direct effects of SN on the AC, PN, and ATB, and three mediation
models which are No. 2, 10, and 16 in Table 6.6, depended on the moderator: country.

Table 6.6. Summary of conditional process Analysis.

Predictor (X) Outcome (Y) Mediator (M) Results

1 BEK AC - ns

2 AC ATB AR Moderated
3 AC ATB PN ns

4 AC PN AR ns

5 SN AC - Moderated
6 SN AR - ns

7 SN PN — Moderated
8 SN ATB - Moderated
9 SN INT — ns
10 SN ATB AC Moderated
11 SN ATB AR ns
12 SN ATB PN ns
13 SN INT ATB ns
14 AR ATB PN ns
15 PN INT ATB ns
16 PBC ESB INT Moderated

First, the direct effects of SN on outcomes were investigated by simple moderation
analysis (See, Fig. 2.2). Table 6.7 shows that the interaction of SN on the AC, PN,
and ATB are significant (AC: b3 = 0.166, 95% CI = 0.076 to 0.255, p < .001; PN:
bs = 0.103, 95% CI = 0.009 to 0.197, p < .05; ATB: b3 = 0.139, 95% CI = 0.054 to
0.223, p < .005). Evidence of interaction between the SN and country has established
that the direct effects of SN on AC, PN, and ATB depend on country. Furthermore,
the conditional effects of the SN at value of Thai indicated larger than those of Japan
(AC: bypei = 0.51, £(1701) = 13.95, p < .001, bjapan = 0.35, t(1701) = 13.01, p < .001,
PN: bypei = 0.57, t(1701) = 14.58, p < .001, bjaparn, = 0.46, £(1701) = 16.41, p < .001,
ATB: bype; = 0.58, t(1701) = 16.65, p < .001, bjepan = 0.44, £(1701) = 17.41, p < .001).
It was concluded that the direct effects of SN on the AC, PN, and ATB depend on
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the country, Thai is larger than Japan.
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Subsequently, Table 6.8 presents the estimated regression coefficients of AR and
ATB in the mediation model by country. Students with relatively higher AC expressed
higher AR (a; = 0.808, 95% CI = 0.775 to 0.842, p < .001). Moreover, holding
AC constant, the effect of AR on the ATB depends on country (bs = 0.099, 95%
CI = 0.013 to 0.185, p < .05). The conditional indirect effect of AC on the ATB
through the AR, there was a significant difference at country, and effect of Thai was
larger than Japan. (byg; = 0.275, 95% CI = 0.216 to 0.339, bjupan, = 0.220, 95%
CI = 0.171 to 0.270).

For the reason that the evidence of moderation of one of the paths in a mediation
model is sufficient to claim mediated moderation, this analysis supports the conclusion
that the indirect effect of AC on ATB through AR depends on country. In this case,
however, the 95% bootstrap confidence intervals for 10,000 resamples for the index
of moderated mediation includes zero (-0.021 to 0.137). Thus, this model cannot
be defined that the indirect effect of AC on the ATB through the AR depends on

country.

Table 6.8. Unstandardized OLS Regression Coefficients with Confidence Intervals
Estimating Ascription of Responsibility (AR) and Attitude Toward the Behavior
(ATB) with the Moderation by Country. Variables are Mean Centered.

AR (M) ATB (Y)
Coeff. SE  95% CI P Coeff. SE  95% CI p
AC (X) a - .808  .017 775, t A 515 .022 AT1, f
.842 .558
AR (M) R 300 .021 .259, i
.341
Country (W) a2 —  4.290 .416 3.474, t ¢y — 4235 .373 3.503, 1
5.107 4.966
X x W as —  -.076 .036 -.146, * = .026  .046 -.065, .580
-.006 116
Mx W by — 099  .044 .013, *
.185
Constant i —  -.015 .201 -.410,  .942 iy — 79.366 .179  79.016, t
.380 79.717
R? = 0.582 R? = 0.644
F (3, 1701) = 788.930, p < .001 F (5, 1699) = 614.323, p < .001

*p < .05 1< .001

Table 6.9 presents that results of conditional precess analysis of which the SN
predicts the ATB through the AC. The interaction between the SN and the country
was significant for the AC (a3 = 0.166, 95% CI = 0.076 to 0.255, p < .001). However,
both direct and indirect effects of SN on the ATB were non-significant (¢ = 0.013,
95% CI =-0.056 to 0.081, p = .716; by = 0.035, 95% CI = -0.034 to 0.105, p = .321).
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Table 6.9.

Unstandardized OLS Regression Coefficients with Confidence Inter-

vals Estimating Awareness of Consequences (AC) and Attitude Toward the Behavior
(ATB) with the Moderation by Country. Variables are Mean Centered.

AC (M) ATB (Y)
Coeff. SE  95% CI P Coeff. SE  95% CI p
SN (X) a1 411 .022 .369, t c 217 .016 .185, t
454 .248
AC (M) by 663 .016 .631, i
.695
Country (W)  as -5.800 .609  -7.084, + c 3.069 .426 2.256, i
-4.656 3.927
X x W as 166 .046 .076, t 4 .013  .035 -.056, .716
.255 .081
Mx W bo .035  .035 -.034, .321
.105
Constant in -432 287 -.995,  .132 iy 79.419 198  79.031, i
.255 79.808
R2 = 0.177 R? = 0.639
F (3, 1701) = 122.158, p < .001 F (5, 1699) = 601.190, p < .001
T p <.001

Last, Table 6.10 shows that results of conditional process analysis of which the

PBC predicts the ESB through the INT. The interactions between the PBC and the

country were significant (a3 =-0.194, 95% CI =-0.277 to-0.112, p < .001; by = 0.151,
95% CI = 0.087 to 0.215, p < .001). The conditional direct and indirect effects of
PBC on the ESB at values of Japan were larger than that of Thai (Direct effect: Thai:
bthai, = 0.051, £(1699) = 1.967, p < .05; Japan: bjepen, = 0.201, £(1699) = 10.391,
p < .001; Indirect effect: Thai: by, = 0.214, 98% CI = 0.169 to 0.261; Japan:
biapan, = 0.222, 98% CI = 0.191 to 0.252).

However, a 95% of bootstrap confidence interval for the index of moderated medi-
ation on the basis of 10,000 bootstrap samples includes zero ( -0.063 to 0.049). Hence,
it cannot conclude the indirect effect of PBC on the ESB through the INT depend

on the country.
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Table 6.10. Unstandardized OLS Regression Coefficients with Confidence Intervals
Estimating Intention (INT) and Energy-Saving Behavior (ESB) with the Moderation
by Country. Variables are Mean Centered.

INT (M) ESB (Y)
Coeff. SE 95% CI1 P Coeff. SE 95% CI
PBC (X) ar - 539 019 501, 1 g = 145 015 115, T
BTT 175
INT (M) by — 419 016 387, T
.450
Country (W) a2 — 4.215  .613 3.012, T chy = 1.803  .411 .997, T
5.418 2.610
Xx W as  —  -194 042 -.277, 1 & —  -150 .032 -.213, T
-.112 -.087
M x W bo — 151 .033 .087, T
215
Constant i — 220 .295 -.359, 457 iy — 68.766 .197 68.379, T
798 69.152
R? = 0.370 R? = 0.520
F (3, 1701) = 332.909, p < .001 F (5, 1699) = 368.387, p < .001

T p <.001

In summary, in this energy literacy model, the interaction between SN and Thai-
land is larger than that of Japan. The same results also can be found the relationship
between AR and ATB in the mediation model of the AC on the ATB through the AR.
On the other hand, for the prediction of PBC to the ESB through the INT strongly
depends on Japan than Thai.

6.4 Discussion

This study has assessed the applicability of the energy literacy model, and investi-
gated the differences in attributes on energy literacy through lower secondary students
in Thailand and Japan by a questionnaire survey. The findings should be discussed
at least four aspects that they are: (1) the gap of basic energy knowledge between
two countries; (2) the importance of awareness of consequences; (3) the school-year
differences among Japanese students, and (4) the interactions of country on energy

literacy model.

6.4.1 Gap of basic energy knowledge

A significant difference in the BEK between Thailand and Japan can be discussed
based on the achievement of the OECD Programme for International Student Assess-
ment, PISA 2015, which around 540,000 students participated in the assessment on
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science, mathematics and reading, representing approximately 29 million 15-year-old
in the schools of the 72 participating countries and economies [27]. The latest evalua-
tion in 2015 focused on science. Japanese students were outstanding performance and
ranked the 2nd among the participating countries and economies, and this trend has
not changed in recent surveys. On the contrary, the Thai overall performance was far
below the OECD average and other Asian countries, ranked the 54th. The scientific
education performance may affect their energy literacy, which includes broad topics
regarding energy, environment, and science. Mathematics and reading comprehension
are also necessary to understand the data and trend of the global climate issues. The
outcome of PISA 2015 is of help for understanding of significant differences on the
BEK between Thai and Japan.

Yuenyong J. and Yuenyong C. discussed that school science teachings and learn-
ings in Thailand did not seem to provide students that they can connect science
concepts they have learned for applying to their events or activities in their commu-
nities [28]. According to the authors, in the recent trends in Thai education, learners
value education as a goal to enter well-known schools and universities, rather than as
a basis for lifelong learning. To achieve high scores and apply for well-known schools
and universities, students have to take supplementary study outside of formal school
schedule. The gap of education opportunity for students has expanded according to
the household income.

The Japanese school system ensures equality in education opportunities and its
level has been keeping stable since 2006, and the relationship between student socio-
economic status and performance is weaker than the OECD average [27]. However,
fewer Japanese students in PISA 2015 reported that they enjoy learning science in
comparison with 2006 and the level of enjoyment of science is below the OECD aver-
age. Even though it is difficult for 15-year-olds to decide their future, 25% students
across OECD countries reported that they expect to work in science-related occupa-
tion, while 18% in Japan. Furthermore, PISA 2006 reported that 39% of Japanese
students are enrolled in schools where school principals reported constant pressure
from many parents who expected the school to set high academic standards and to
have the students achieve them [29]. Namely, although Japanese students perform
outstanding achievement on science assessment under high pressure of their parents
expectations, their motivations tend to be low in learning science and in choosing
future occupation relevant to science. If the parents expectations may cause stu-
dents to pursue only high level of academic achievement to pass the exams of famous
schools and universities, it is difficult to improve their energy literacy with only gain-

ing basic energy knowledge which is provided in school education. Evidently, the
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results of energy literacy of Japanese students can support previous studies which
claim that the amount of knowledge dose not alone lead to altering people’s behav-
ior and lifestyles toward energy conservation nor does it affect attitude-behavioral

consistency (e.g., [30-38]).

6.4.2 Importance of awareness of consequences

In the energy literacy structural model, the AC is a powerful predictor to the ATB
(8 = 0.38) and plays a pivotal role in the energy literacy model to mediate the causal
relationship between knowledge and energy-saving behavior (Fig. 6.9).

There was no significant difference on the AC between two countries (Thai: 79%,
Japan:80%, non-significant), and the intercorrelations between the AC and AR, PN,
and ATB indicate very strong correlation coefficients in both countries (Table 6.4,
Thai: » = 0.71, 0.75, 0.75, Japan: r = 0.78, 0.76, 0.75).

Examining the details of response, Thai students tend to expect more than Japanese
students on government leadership and energy-saving (A01,03,04, and 07, p < .01).
It can be supported by Yuenyong & Yutakom report that Thai students believe in
country’s development and scientific application into society for solving energy-related
problems, and that are under controlled by government [2]. Moreover, according to
the study of the relationship between values and decision making for the energy issues
of Thai students in schools that are located in rural and urban in Khon Kaen, the
northeast of Thailand, students’ decision making varies somewhat at areas where they
live in, but they concerned the energy issues from the perspectives of social economy,
environmental damage, and individual’s action for energy-saving [4]. For example,
one school of participants in the study in Khon Kaen has discussed about employing
nuclear power, they concluded that Thailand has still immature technology on nu-
clear power and Uranium should be imported. However, it was not described the risk
about nuclear accident [4].

While, students in Japan scored higher than Thai students on the items of AC05,
08, 09, 10, and 11 (p < .001), and concerned environmental destructions such as global
warming by large amount of energy consumption, resource depletion, and deforesta-
tion, that are serious problems. These results reflect that the most valuable contexts
have been provided into their EE education in each country. In Japan, the environ-
mental issues tend to be emphasized in EE education rather than social economic
aspects (Chapter 1.1.2, [39]). As aforementioned in Chapter 5.4.2, Japan has experi-
enced severe nuclear accident in 2011, and been still in the process of reconstruction in
Fukushima and efforts to overcome misunderstanding and ignorance about radiation.

Needless to say, it may be, however, difficult for teachers and students in Japan to
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discuss about nuclear power for the perspective of the social economy, it is of signifi-
cant importance of understanding that Japan has been facing declining in the energy
self-sufficiency ratio, increasing in electric power costs, and increasing in the amount
of CO4 emissions [40] (Chapter 1.1).

Japanese students who responded positively to experiences of energy education
and energy-related facility-tour, and home discipline in energy-saving scored higher
than the negative respondents on the AC. Thus, for Japanese students, it can be rec-
ommended that energy education should be provided with practical and informative
contents including ongoing EE issues, which will emerge adverse consequences for
the future generation and society. Providing experience learning and incorporating

family participation in EE learning will be further effective to foster students” AC.

6.4.3 School year differences among Japanese students

It was indicated that scores of Japanese students decrease with the school year pro-
gression on the AC, AR, PN, ATB, INT, and ESB (p < .01 or less, Chapter 6.3.1.2).
To ascertain this tendency, the mean values were compared between school years by
schools with samples in all school years (Thai_6, Thai_7, JPN_2, JPN_3, JPN 4) (Ta-
ble 6.11). The trend of mean values of Thai students showed relatively high scores in
the 9th grade, while the lower grades in Japan tended to indicate higher mean values
than the 9th grade except the BEK. Furthermore, this study have employed results
of high school students (HS), and compared with those of lower secondary (LS). Stu-
dents of 10th grade (age of 16) of private high school in Kanagawa prefecture adjacent
to Tokyo were assessed (N = 242). Blank and vague responses of both LS and HS
in each components were eliminated case-wise from the analysis. Table 6.12 presents
mean comparison between the LS and HS. The HS students indicated higher score on
the BEK than the LS, while the LS students scored significantly higher than those
in HS on the AR, SN, PBC, INT, and ESB (p < .05). There was little difference on
the AC, PN, and ATB. A conditional process analysis also uncovered that there was
no significant interaction of the BEK and academic levels (LS and HS) on the AC
(bs = -0.006, t(1587) = -0.183, 95% CI = -0.072 to 0.060, p = 0.85). Namely, even
if knowledge relevant to EE issues indicates high score (LH 51%, HS 75%, p < .001),
it does not necessarily activate individual values and norms nor lead the preferable
attitudes and behaviors toward the EE issues. This trend, the cognitive dissonance,
has already emerged at the stage of lower secondary education in Japan. If so, the
EE education should be provided to the proper target age. The earlier secondary
education stage may be important period to implement energy education to enhance

students’ awareness to global EE issues as an individual matter, and form values and
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beliefs for problem-solving toward a sustainable development society.

Table 6.11. Mean Comparison between School Years by Schools with Samples in
All School Years (Thai_6, Thai_7, JPN_2, JPN_3, and JPN_4)

BEK AC AR
N M%) SD SE P M (%) SD  SE P M (%) SD SE P
Thai_7th 81 38.64 13.53 1.50 79.84 11.19 1.24 Hok 81.07 11.74 1.30
8th<7th
Thai_8th 61 31.48 14.36 1.84 72.97 12.56 1.61 75.68 12.19 1.56
Thai9th 80  41.81 1228 1.37 *** 7950 987 110 * 79.83  10.82 1.21
8th<9th 8th<9th
JPN_7th 121 38.35 15.96 1.45 77.39 11.78 1.07 74.21 13.94 1.27
JPN_8th 154 41.59 18.13 1.46 79.60 12.73 1.03 76.65 14.10 1.14
JPN_9th 169 47.90 21.58 1.66  *** 77.71 12.96 1.00 75.19 13.42 1.03
Tth<9th
PN ATB SN
N M&) SD SE P M%) SD SE P M (%) SD SE P
Thai_7th 81 78.77 11.62 1.29 83.49 10.34 1.15 Hokx 71.11 11.01 1.22
8th<7th
Thai8th 61  73.18 1373 1.76 7536 14.83  1.90 7042 11.38 1.46
Thai_9th 80 78.90 12.29 1.37 84.21 9.92 1.11 Hokx 71.47 10.10 1.13
8th<9th
JPN_7th 121 7326 1255 1.14 76.32 1181 1.07 6320 1284 117
JPN_8th 154  74.62 14.13 1.14 7820 1218  0.98 63.95 1228 099 *
9th<8th
JPNOth 169 7278 13.68 1.05 76.33 1258  0.97 59.49 11.80 0.91
PBC INT ESB
N M&) SD SE P M (%) SD SE P M%) SD SE P
Thai7th 81  68.69 13.10 1.46 75.00 1151 1.28 69.70 995 111
Thai_8th 61 64.72 13.57 1.74 69.26 12.21 1.56 67.69 9.84 1.26
Thai_9th 80 74.75 11.71 1.31 HAk 73.38 13.31 1.49 72.34 9.20 1.03
8th<9th
JPN_7th 121 68.03 17.06 1.55 70.54 12.78 1.16 67.59 11.65 1.06
JPN8th 154 6847 1535 1.24 70.88 1529 1.23 68.34 12.08 0.97
JPNOth 169 6419 1645 1.27 67.66 1554  1.20 64.67 1058 0.81
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Table 6.12. Mean Comparison of Students between Lower Secondary and High

Schools in Japan.

BEK AC AR
N Mean %  SD SE p N Mean %  SD SE p N Mean %  SD SE p
LS 1356 51.5 0.23 0.01 1468 82.2 0.13  0.00 1479 76.1 0.13  0.00 *
HS 239 75.1 0.20 0.01 ¢ 242 82.9 0.13 0.01 241 73.9 0.13 0.01
PN ATB SN
LS 1484 78.3 0.14  0.00 1482 77.4 0.12  0.00 1475 61.6 0.12 0.00 ¢
HS 242 79.5 0.15 0.01 241 77.2 0.12 0.01 242 58.6 0.12 0.01
PBC INT ESB
LS 1488 61.0 0.18 0.00 * 1490 66.9 0.17 0.00 f 1474 68.3 0.11 0.00 ¢
HS 242 58.2 0.16 0.01 242 60.6 0.17 0.01 242 65.0 0.11  0.01

*p < .05, 1< .001

6.4.4 Country effect on energy literacy model

People are not born with fixed attitudes toward all matters in society. Our atti-
tudes are shaped by social backgrounds [3]. Thai students indicated a greater perfor-
mance on the SN than those in Japan, and were all significant (SN01-09, p < .001).
The SN is the perception of social pressure to perform or not to do a given behavior,
and “it is assumed that SN is determined by the total set of accessible normative
beliefs concerning the expectations of important referents” [41]. Thai identity stems
from the Buddhist view, and the values are also underlying in the education [2]. Thai
children are taught that a good child must obey parents, teachers, and adults who have
a better understanding [2]. Therefore Thai norms can be said to respect seniority [4]
and it may cause high SNs. While, Ando, Yorifuji, Ohnuma, Matthies, & Kanbara
reported that meeting others’ expectation is more important in interdependent cul-
tures and this normative element, namely, the SN plays a critical role in determining
the environmental behavior for Japanese children [42]. Their suggestion can support
that this study found the parental influence on energy literacy of Japanese students
through the comparison regarding home discipline in energy-saving. Although both
students in Thai and Japan imply the effect of SN, it was elucidated that Thai stu-
dents performed stronger than those in Japan on the effect of SN in this study. This
also can be supported by results of conditional process analysis that uncovered that
the effect of Thai was larger than Japan in the relationships between the SN and AC,
PN, and ATB.

Considering a model improvement for Thai (Fig. 6.10), the direct prediction of SN
to the ESB is interesting. Its regression coefficient estimated 0.51, and the estimation
of regression coefficient of INT to the ESB decreased from 0.65 to 0.33. The variance
in ESB explained by the INT, PBC, and SN increased from 45% to 61%. The model
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fitness has improved as: GFI = 0.962; AGHI = 0.868; SRMR = 0.043; NFI = 0.968;
CFI = 0.972; RMSEA = 0.112. Although, the Theory of Planned Behavior assumes
that person’s behavior is controlled by the intention to act that behavior, in Thai case,
it would be possible that students unconsciously take actions which are expected by
their important referents. If so, it may imply unconscious energy-saving behavior,
a kind of obedience which is expected by social pressure. Thai social norms expect
children to be humility and to respect senior people. Not only children but people
accept the potential requests of someone who we respect or like [43]. Information
and values from a recognized seniority and important referents can provide children
a valuable short-cut for deciding how to act toward a given behavior. Once children
realize that obedience to social norms are valuable, it is easy to allow themselves to
act a given behavior with automatic obedience [43]. Behaviors are usually activated
by the intention to act the given behavior, and the intention stronger correlates with
the critical thinking ability than other components according to the Japan survey
in this study (r = 0.52, Table 5.5). Although the CTA has not been surveyed in
Thai assessment, investigating their CTA is required for future, and it is important
to evaluate whether education intervention alter their structure of energy literacy.

In summary, the BEK of Japanese students is likely to be derived by academic
performance level, while the AC is influenced by various aspects such as experiences
of energy education and tour of energy-related facility, and students’ family attitudes
and behaviors toward the energy conservation. Considering a score decline of energy-
related attitudes of students in Japan with the school year progression, it would
be more effective to implement energy education into earlier stage of education as
possible. On the other hand, in Thai case where the SN is strong, it may be effective
to emphasize students directly the way of energy conservation, adverse consequences
of ongoing energy issues for future generation, and need of their contribution and
responsibility for developing sustainable society. Adult people are of course required
to show them ideal samples through their values, norms, and behaviors for solving
energy-related issues.

Applying the same energy literacy structural model and a comparative assessment
can emphasize each characteristic of energy literacy, and obtaining these implications

contributes to develop and provide energy education in more effective manner.

6.5 Conclusion

Employing integrated sample of Thai and Japan, the applicability of energy lit-

eracy structural model and the difference in attributes in energy literacy have been
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assessed.

Thai students indicated higher scores than those in Japan in energy literacy except
the basic energy knowledge and awareness of consequences, no gender differences, and
a tendency of score increasing with the school year progression. In particular, their
subjective norm indicated significantly high scores.

While, the results of Japanese students suggested that the amount of basic en-
ergy knowledge did not necessarily affect the increasing their entire energy literacy.
Furthermore, the scores of Japanese students tend to decrease with the school year
progression and it was further supported by comparing with high school students in
Japan.

The energy literacy model has succeeded in explaining the energy literacy struc-
ture of integrated samples of Thailand and Japan. The intention and perceived be-
havioral control were able to explain 50% of the variance in energy-saving behavior.
The awareness of consequences predicted the attitude toward the behavior stronger
than other predictors, and it played a vital role to linking the relationship between
basic energy knowledge and energy-saving behavior.

A conditional process analysis has uncovered that (1) the conditional direct effects
of subjective norm on the awareness of consequences, personal norm, and (2) the
prediction of ascription of responsibility on the attitude toward the behavior in the
mediation model, were moderated by country, that the interaction effect of Thai were
larger than those of Japan. Social expectations surrounding Thai students’ is more
likely to affect their attitudes toward the energy-saving behavior than those in Japan.

For energy education in Japan, it is recommended that the implementation of
energy education as early as possible to build students’ awareness of consequences
and to make students recognize the importance of their contributions to problem-

solving for EE issues.
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Chapter 7

Conclusion

7.1 Summary

It is necessary for human society to perceive the irreversible threat of climate
change and make efforts to reduce greenhouse gases emissions through international
cooperation. A solution to the energy and environmental issues depends on technology
development, policy administration, and public participation. Energy literacy is a
minimum required capacity for developing a sustainable society that participates
in and discusses on energy and environmental issues, makes decisions, and takes
actions for the solutions. Although, energy literacy is fostered through formal and
informal energy education, in a tight school curriculum, the time that is allocated
for energy education is limited. Hence, energy education should be provided in the
most effective manner possible. To do so, understanding the status of people’s energy
literacy and its conceptual structure is indispensable. It is particularly worthwhile
to gain knowledge of adolescents’ energy literacy that affects future society through
their energy selection, consumption and conservation.

This study has investigated energy literacy of lower secondary students in Japan
(ages 13-15) through the surveys of their current status of energy literacy, the con-
struction of energy literacy structural model, and the assessment of the model appli-
cability and the difference in attributes in energy literacy. The results and discussion

about these studies have summarized as follows.

In Chapter 3, a set of 1316 samples was measured with a written closed-item ques-
tionnaire modifying the DeWaters & Powers survey instrument. Knowledge relevant
to energy and environment of Japanese students was low, while the females showed
better achievement than the males on the cognitive subscale and self-efficacy. Stu-
dents in the 8th and 9th grade scored higher on the cognitive subscale than those of
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the 7th, however, it did not necessarily affect the affective and behavior subscales with
the school year progression. On the other hand, students who positively responded
to the existence of family discussion about energy issues and of home discipline in
energy-saving indicated higher scores on all subscales than the negative groups. In
the regions comparison, Fukushima showed low score among participating schools in
this study. The intercorrelation between behavioral and affective subscales was close,
whereas little correlation between behavioral and cognitive subscales was observed.

In a comparison with the U. S. middle students results, Japanese students, how-
ever, scored higher on the cognitive subscales than the U. S. students, this result did
not relate with the degree of attitudes, self-efficacy, and behavior. The U. S. students
showed well performance on the affective subscales, and it derived stronger intercor-
relation than Japanese students between the affective and behavioral subscales.

To lead preferable behavior for energy-saving, energy education would be required
enhancing the interests and attitudes toward the energy related issues as well as

knowledge.

In Chapter 4, utilizing results of Chapter 3, an energy literacy conceptual model
was explored by a factor analysis approach to understand the causality of knowledge,
attitudes, and behavior. Furthermore, the boundary conditions were investigated
whether a moderator affects in the model. The energy literacy conceptual model
interpreted students’ energy literacy that the energy-saving behavior is predicted by
both the awareness of consequences and ascription of responsibility, which are acti-
vated by the cognition of environmental issues based on the basic energy knowledge.
The high percentage of the variance in energy-saving behavior (63%) was explained by
the awareness of consequences, ascription of responsibility, and energy-use conscious
behavior. Although knowledge predicted the ascription of responsibility larger than
the awareness of consequences, the negative effect of ascription of responsibility on the
energy-saving behavior through the energy-use conscious behavior was shown. While,
the awareness of consequences positively predicts the energy-saving behavior through
the energy-use conscious behavior. As such, it can be discussed that the awareness
of consequences plays a critical role to link between knowledge and behavior factors
in the energy literacy conceptual model.

The conditional direct effect of cognition of environmental issues on the ascription
of responsibility depended on gender and the effect of males was larger than the fe-
males. This result indicates that the amount of knowledge does not necessarily affect
on this relationship. The conditional indirect effect of ascription of responsibility on

the energy-saving behavior through the energy-use conscious behavior was likely to
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decline with the school year progression. It implies that the timing of implementation
of energy education should be considered. Finally, the conditional indirect effect of
awareness of consequences on energy-saving behavior through energy-use conscious
behavior depended on the region. It was mediated moderation. Some possible rea-
sons of the difference between Fukushima and Tokyo can be considered, which are
differences of academic performance level, the disadvantages in daily life after the
natural disasters and nuclear accident in Fukushima in 2011, and the extraordinary
energy-saving experience to reduce electricity demand after the disasters in Tokyo.
Students’ experiences in daily life may affect their awareness of consequences in en-

ergy literacy.

In Chapter 5, to investigate the relationship between energy relevant knowledge,
belief and normative factors, intention to act, and energy-saving behavior with adopt-
ing common theoretical models which have been verified for last decades, the en-
ergy literacy structural model was constructed by integrating with the Theory of
Planned Behavior and Value-Belief-Norm Theory. A new questionnaire and sample
data (N = 1070) were employed. The energy literacy structural model has succeeded
in explaining the relationship between the distal variables: knowledge and behavior,
which have been frequently reported little correlation. The intention to act and per-
ceived behavioral control were able to explain 50% of the variance in energy-saving
behavior. The attitude toward the behavior, subjective norm, perceived behavioral
control, and personal norm were able to explain 60% of the variance in intention.
The awareness of consequences predicted the attitude toward the behavior larger
than other predictors: subjective norm, ascription of responsibility, and personal
norm, and it played a vital role in linking the relationship between the basic energy
knowledge and the energy-saving behavior.

The effect of basic energy knowledge on the awareness of consequences depended
on the degree of civic scientific literacy, critical thinking ability, and environmental
values or worldview. While, the direct and indirect effect of awareness of consequences
on the attitude toward the behavior depended at values of environmental values or
worldview and family discussion about energy and environmental issues. Family
attitudes and ecological worldview or values may enhance students’ awareness of
adverse consequences of ongoing energy-related issues.

The energy literacy structural model can provide a theoretical contribution to the
development of effective energy education program adapting the concept of energy

literacy to link basic energy knowledge and energy-saving behavior.
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In Chapter 6, the applicability of the energy literacy structural model and the
difference in attributes in energy literacy have been assessed.

First, the integrated sample of Thai (N = 635) and Japan (N = 1070) was as-
sessed. Thai students indicated better performance than Japanese students on almost
all components except the basic energy knowledge and awareness of consequences.
There was no gender difference and scores tended to increase with the school year
progression. While, Japanese students, however, scored higher than those in Thai on
the basic energy knowledge, it did little to affect other components of energy literacy.
Moreover, their scores tended to decline with the school year progression. Namely, it
can be discussed that the amount of energy relevant knowledge of Japanese students
does not necessarily contribute to the entire energy literacy and rather it may be more
effective to implement energy education to the early stage of education as possible.

Next, applying the data to the energy literacy structural model was represented.
The intention and perceived behavioral control were able to explain 50% of the vari-
ance in energy-saving behavior. The estimate of awareness of consequences was largest
among other predictors to the attitude toward the behavior. It was dependent at val-
ues of the country: the direct effect of subjective norm on (1) the awareness of con-
sequences, (2) the personal norm (3) the attitude toward the behavior, (4) the effect
of subjective norm on the awareness of consequences in the mediation model between
subjective norm, awareness of consequences, and attitude toward the behavior, and
(5) the effect of ascription of responsibility on the attitude toward the behavior in
the mediation model between awareness of consequences, ascription of responsibility,
and attitude toward the behavior. These interactions of Thai were larger than those
of Japan. It can be discussed that social pressures and expectations on Thai students
are more likely to influence on their awareness of consequences and attitude toward
the behavior than those on Japanese students. The strength of subjective norm may
be able to derive obedience that makes students act easily a given behavior without
critical thoughts. Since only comparing the degree of energy-saving behavior can-
not uncover its background, it is of significance of understanding the energy literacy
structure while associating with other literacy, ability, culture, and so forth which

may affect the structure of energy literacy.

We are required to meeting our needs at this time without compromising the abil-
ity of future needs. For that, proper energy choices and conservation behaviors are
required. Energy issues should be argued with well energy-literate citizens. These
citizens are cultivated by formal and informal energy education. In particular, school

education is highly expected to develop energy-literate citizens, but the given times
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are limited. The knowledge obtaining through energy education must contribute to
understand the de facto energy and environmental situation in the country and the
world. Energy education is expected to provide informative knowledge that activates
individual’s awareness of adverse consequences of one’s acts for values or valued ob-
jects. That awareness is not forced by someone but perceived by oneself. If we can
decrease consuming energy and fossil fuels, if we do choose appropriate energy sources,
if we do change our values, lifestyles, and behaviors, it will mitigate the irreversible

adverse consequences for the future.

7.2 Limitations and recommendations

Although this study reveals a number of interesting relations among energy-related
knowledge, attitudes, and behavior, there are at least five limitations and their rec-

ommendations that should be acknowledged in this study.

1. This survey has been accomplished by the contribution of teachers who appre-
ciated the importance of energy literacy assessment in spite of the controversy
over nuclear energy since the severe nuclear accident occurred. Although the
number of samples would be able to infer to some extent of energy literacy of
Japanese students, more randomly, equally, and a wide range of survey will
be required to characterize the status of energy literacy for the perspective of
differences in attributes. Because people perceptions about energy and environ-
mental issues depend on their culture and lifestyles that are closely related to
geographical condition and economic capacity. The investigations for different
generations, a variety of regions (e.g., coast/mountain, urban/rural, warm/cool
climate, energy production/consumption region, and so forth), local communi-
ties where take different energy policy, and so forth will give us tips for energy
education and public relations. Japanese people have experienced the nuclear
bomb attacks and severe nuclear accident, they are considerably sensitive to dis-
cuss about energy issues including nuclear energy even though it is a significant
baseload power source in Japan. Therefore, it is necessary to conduct energy
literacy survey with the consent of as many people as possible, such as school
principal, teachers colleagues, board of education, parents, and so forth. In par-
ticular, to increase participants to the energy literacy survey, highly supports
for the research will be needed, for example, by government, board of education,
local communities, academic associations, and any agent that concern energy
issues. Sharing significance of the improvement of citizens energy literacy will

become the ultimate strategy for energy policy.
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2. On the premise that energy education has been little progressing in Japan, this
study did not specifically compare the accomplishment of energy literacy of
each school participated in the survey. While promoting introduction of energy
education in the future, it is of critical importance of understanding which
energy education causes the increase in students’ energy literacy. And then,
energy literacy assessment before/after educational intervention contributes to
further development of an effective energy education. Moreover, it is expected
that comparing with different educational stages would give us the effective
timing of the implementation of energy education. In particular, obtaining
the insights about the score decline with the school year progression is critical
to understand the relationships among age, learning manners, and students’

motivations.

3. The study employed students’ self-reports to infer the relationship between their
energy literacy and family influences through the home discipline in energy-
saving and family conversation about energy issues. However, it has not inves-
tigated parents’ occupation, education level, ideology, religion, the household
income, or others which may affect students’ energy literacy. Because taking
these privacy information is more likely to hinder the successful investigation
in Japan. In case of using these parameters, it would be better to use national

statistical data.

4. The survey tools should be considered carefully. Although the printed ques-
tionnaire is of help for teachers who cooperates an external request and for
researchers who want to increase a response rate, if a wide range of surveys
are planned in Japan, a web questionnaire may be useful. It is free, collects
with no blanks, and aggregates the basic responses automatically. On the other
hand, this study had prepared the internet survey of energy literacy for Taiwan,
Indonesia, and France though, they could not accomplish it in spite of the ef-
forts by cooperating researchers. One of possible reasons can be considered that
the internet environment would be unstable or PC or tablet devices have not
been used or disseminated in school as they have been done in Japan. Another
reason may be considered that the research objective and its necessity might
not have been well shared between researchers and school teachers. The key to
the success of Thai survey was that there was a coordinator who appreciated

to meet the demands of researchers in both countries.

5. This study carried out a considerable number of question items. According to

several teachers’ comments, it has taken about 30 to 50 minutes to complete
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152 items (Fig. E.2). The energy literacy survey, unlike the consumer behavior
survey in market research, also includes contents on energy relevant knowledge,
attitudes, and behavior that need to be fostered in energy education. Although
the number of items can be selected at survey objectives while keeping the
reliability and validity, the author encourages to implement a set of items of the
BEK, AC, ATB, and ESB from Table 2.4 at a minimum requirement.
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Appendix A

Energy literacy framework

Table A.1. Instrument Development Framework adopted from DeWaters & Pow-

ers [1].

I. Cognitive Outcomes

A. Knowledge of Basic Scientific Facts
-A-1 Definition of energy
A2 Forms of energy
-A-3 First and second laws of energy (concepts of energy conservation, entropy)
A4 Transfer of energy through living and nonliving systems
I-A-5 Relationship between energy and power
I-A-6 Units of energy and power

B. Knowledge of issues related to energy sources and resources

I-B-1 Sun as primary energy source, other sources of energy used by humans
I-B-2 Renewable and nonrenewable resources
I-B-3 Relationship between supply and demand, and energy resource discovery, devel-

opment and use

I-B+4 Advantages and disadvantages of developing and using different energy resources
(technical, environmental, economic, societal)

I-B-5 Limitations of particular energy resources for various end-use applications

I-B-6 Importance of fossil fuels for meeting energy needs of todays society and as
components in many valuable products

C. Awareness of the importance of energy use for individual and societal functioning
-C-1 Societys need for energy
-C-2 Uses of energy in societies and households

D. Knowledge of general trends in U.S. and Global energy resource supply and use

I-D-1 Relationship between fossil fuel consumption patterns and quantity of remaining
reserves

I-D-2 Relative abundance of existing energy resources, in the U.S. and globally

I-D-3 Use and management of various energy resources, in the U.S. and globally

E. Understanding of the impact energy resource development and use can have on society

to be continued
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Continued from the previous page

I-E-2

I-E-3
I-E-4

Influence of energy resource supply and demand on relationships between states,
regions, and nations

Societal and economic problems related to shortages in nonrenewable energy
resources

Societal impacts related to energy resource development and use

Personal and community health and safety factors associated with energy re-

source development and use

F. Understanding of the impact energy resource development and use can have on the environment

I-F-1

I-F-2

I-F-3

Impact of developing and using energy from various renewable and nonrenewable
resources on all spheres of the environment

Relationship between fossil fuel combustion and increasing levels of carbon diox-
ide in the atmosphere

Global climate change

G. Knowledge of the impact individual and societal decisions related to energy resource development

and use can have on the ability of societies to effectively satisfy future energy needs

I-G-1
I-G-2
I-G-3

I-G4

H. Skills

I-H-1
I-H-2

I-H-5

Importance of energy conservation and improved efficiency of energy use

Need for developing alternatives to fossil fuel based energy resources
Importance and effectiveness of personal decisions and actions for reducing en-
ergy consumption

Connection between todays energy-related decisions and the future availability
of energy resources

Ability to assimilate and interpret current events relevant to energy issues
Ability to analyze and assess objective, reliable information relevant to energy
issues

Ability to evaluate pros and cons related to energy consumption and energy
resource development from various renewable and nonrenewable energy resources
Ability to evaluate costs and benefits related to energy when making consumer
purchases

Ability to examine ones own beliefs and values in light of new information

II. Affective Outcomes

A. Awareness/Concern with respect to Global Energy Issues

I1-A-1
II-A-2
I1I-A-3
II-A4

Values energy education

Acknowledges seriousness of energy problem

Interested in current energy-related events

Concerned with potential debates with respect to sensitive energy-related issues
and options that relate to the environment, economics, personal choices and

freedoms, personal responsibility, and technical developments

B. Positive Attitudes and Values Regarding;:

II-B-1

II-B-2

Prevention and remediation of societal problems related to energy resource de-
velopment and use
Prevention and remediation of environmental problems related to energy re-

source development and use

to be continued
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Continued from the previous page

11I-B-3 Economic responsibilities related to sustainable energy resource development
and use

1I-B—4 The potential for adapting our lifestyles in ways that contribute to solving global
energy problems

C. Strong Efficacy Beliefs

II-C-1 Internal locus of control

II-C-2 Assumption of personal responsibility in contributing, as an individual and col-
lectively with others, toward sustainable energy resource development and use

I1I-C-3 Assumption of personal responsibility in contributing, as an individual and col-
lectively with others, toward mitigating negative impacts associated with energy

resource development and use

III. Behavioral Outcomes

Predispositions to Behave
A. Willingness to Work toward Energy Conservation
IITI-A-1  Considers energy-related impacts of everyday decisions, choices, and actions
B. Thoughtful, Effective Decision-Making
ITI-B-1  Assesses objective, reliable information relevant to energy issues
III-B—2  Evaluates pros and cons related to energy consumption and energy resource
development from various renewable and nonrenewable resources
III-B-3  Remains open to new ideas
IIT-B-4  Evaluates costs and benefits related to energy when making consumer purchases
C. Change Advocacy
III-C-1  Remains open to new ideas
Behaviors
D. Willingness to Work toward Energy Conservation
ITI-D-1  Importance of energy conservation and improved efficiency of energy use
E. Change Advocacy
III-E-1  Encourages others to make wise energy-related decisions and actions

End of the table

Reference

[1] J. E. DeWaters, “Instrument Development Framework for Energy Literacy,”

Clarkson University (U. S.) Energy Literacy Assessment Project, 2011.
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Appendix B

Item analysis for basic survey of

energy literacy

Symbol (Se) is self-efficacy items embedded in the affective subscale, (R) is reverse
item which was converted reverse score, and symbol * is the item which was eliminated

on the comparative survey between the U. S. and Japan.

Table B.1. Cognitive Items Difficulty (Df) and Discrimination Index (D).

No. Items of cognitive subscale Total H27% L27%  Disc.
(bf)  (©f)  (Df) (D)
36 Each and every action on Earth involves ... 0.442  0.510 0.328 0.182

37 The amount of ELECTRICAL ENERGY (ELEC- 0.366  0.538 0.260 0.278
TRICITY) we use is measured in units called ...

38 Which uses the MOST ENERGY in the average 0.498  0.546 0.399 0.147
Japanese home in recent year?

39 One advantage to using nuclear power instead of 0.625  0.788 0.508 0.280
coal or petroleum for energy is that ...

40 Which of the following energy resources is NOT  0.584  0.788 0.410 0.378
renewable?

41 Which resource provides about 85% of the energy 0.328  0.524 0.158 0.365
used in developed countries like Japan, the United
States, and Europe?

42 The best reason to buy an appliance labeled “en- 0.831  0.947 0.631 0.316
ergy efficient” is ...

43 * The percentage of our energy consumption de- 0.133  0.192 0.098  0.094
pends on imported energy resources is

44 It is impossible regarding energy to 0.439 0.582 0.350 0.232

45 When you turn on an incandescent light bulb, 0.758  0.919 0.596 0.324
some of the energy is converted into light and the

rest is converted into ...

to be continued
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Continued from the previous page

No. Items of cognitive subscale Total H27% L27%  Disc.
(0f)  (Df)  (Df) (D)

46 *  Correct description about methane hydrate devel- 0.349  0.552 0.175 0.377
opment in Japan

47 *  Correct description about the COy emission in- 0.691  0.942 0.344 0.597
creasing which causes global warming

48 If a person travelled alone to work 10km every 0.290  0.398 0.221 0.177
day and wanted to save gasoline, which one of the
following options would save the MOST gasoline?

49 Proper description about the amount and cost of 0.280  0.237 0.290 -0.053
petroleum imported to Japan over the past decade

50 Which energy resource was made by photosynthe- 0.110  0.123 0.107  0.016
sis?

51 * Incorrect description about radiation 0.534  0.638 0.429 0.209

52 *  The sector that consume oil MOST in Japan 0.459  0.518 0.377 0.141

53 Which of the following statements best DEFINES  0.155  0.223 0.093 0.130
energy?

54 Proper description about renewable energy re- 0.153  0.170 0.109  0.061
sources

55 Which two things determine the amount of ELEC- 0.443  0.682 0.232 0.450
TRICAL ENERGY (ELECTRICITY) an electri-
cal appliance will consume?

56 Scientists say the single fastest and most cost- 0.511  0.596 0.391 0.205
effective way to address our energy needs is to ...

57 Which resource provides MOST of the ENERGY 0.398  0.471 0.268 0.203
used in Japan in 20107

58 Many scientists say the Earths average tempera- 0.489  0.772 0.238 0.534
ture is increasing. They say that one important
cause of this change is

59 *  Correct description about energy 0.453  0.655 0.254 0.400

60 Which of the following energy-related activities is  0.585  0.819 0.284 0.535
LEAST harmful to human health and the environ-
ment?

61 * Which of the following correctly describes oil de- 0.144  0.162 0.145 0.017
pletion?

62 Which uses the LEAST ENERGY in the average 0.193  0.281 0.115 0.167
Japanese home in recent year?

63 How do you know that a piece of wood has stored 0.471  0.599 0.342 0.257
chemical potential energy?

64 Most of the RENEWABLE ENERGY used in 0.267  0.409 0.178 0.232
Japan comes from

65 * Incorrect description about nuclear power plant 0.267  0.415 0.134 0.281

operating safely

199

to be continued



Continued from the previous page

No. Items of cognitive subscale Total H27% L27%  Disc.
(bf)  (Df)  (Df) (D)
66 Which one of the following sources generates the 0.082  0.033 0.112 -0.079
most ELECTRICITY in Japan in the past few
years?
67 All of the following are forms of energy EXCEPT 0.165 0.214 0.139 0.075
68 What does it mean if an electric power plant is 0.359  0.604 0.189 0.416
35% efficient?
69 *  Correct description about energy resources devel- 0.165  0.192 0.148  0.045
opment alternative to fossil fuels
70 Appropriate description about energy choice in 0.577  0.710 0.437 0.273
Japan
71 Which lifestyle of the following choices ALWAYS 0.663  0.855 0.467 0.388
SAVES energy?
72 Some people think that if we run out of fossil fuels 0.362  0.557 0.202 0.355
we can just switch over to electric cars. What is
wrong with this idea?
73 *  The MOST appropriate description about energy 0.403  0.549 0.246 0.303
choices in current situation in Japan?
74 *  The MOST appropriate description about the en- 0.404  0.630 0.232 0.397
vironmental impact by energy resource develop-
ment and use
75 *  Correct description about petroleum that Japan 0.454  0.727 0.238 0.489
consumes most
76 *  Appropriate description about abandoning nu- 0.285  0.279 0.306 -0.027
clear power in Japan
77 *  Appropriate description about renewable and non-  0.318  0.518 0.178 0.341
renewable energy
78 The original source of energy for almost all living 0.514  0.638  0.372 0.266
things on earth is . ..
Total average of cognitive subscale 0.395  0.523 0.273 0.251
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Table B.2. Item Selection Trend of Affective Subscale.

No. Items of affective subscale Extremely Neutral Extremely
agree % disagree
% %

5 We should make more of our electricity from re- 36.6 28.5  29.7 4.3 1.0

newable resources
6 (Se) I believe that I can contribute to solving en- 6.1 16.7  44.1 229 10.2
ergy problems by working with others
7 (Se) The way I personally use energy does not re- 2.8 9.0 39.6 322 16.4
ally make a difference to the energy problems that
face our nation (R)
8 More wind farms should be built to generate elec- 13.7  18.0 31.7 22.7 13.9
tricity, even if the wind farms are located in scenic
valleys, farmlands, and wildlife areas (R)
9 All electrical appliances should have a label that 8.3 18.6 473 17.6 8.1
shows the resources used in making them, their
energy requirements, and operating costs
10 Saving energy is importan 61.9 25.0 10.3 2.1 0.8
11 Efforts to develop renewable energy technologies 17.6 26.2  46.6 7.2 2.4
are more important than efforts to find and de-
velop new sources of fossil fuels.
12 The government should have stronger restrictions 16.3  27.7 41.2  11.2 3.6
about the gas mileage of new cars
13 (Se) I dont need to worry about turning the lights 4.5 56  20.1 31.0 38.8
or computers off in the classroom, because the
school pays for the electricity (R)
14 * Burden on general public by strict energy-saving 15.8 239 37.2 16.9 6.2
is poor reality in everyday life even if energy issues
are critical
15 We don’ t have to worry about conserving en- 2.4 6.5 33.8 381 19.2
ergy, because new technologies will be developed
to solve the energy problems for future generations
(R)
16 Japanese should conserve more energy. 31.2 324  29.0 5.6 1.7
17 Laws protecting the natural environment should 3.4 6.5 454 293 15.3
be made less strict in order to allow more energy
to be produced (R)
18 I would do more to save energy if I knew how 25.2 299 336 8.6 2.7
19 More Geothermal power generation should be de- 9.7 19.9 498 153 5.2
veloped as they are discovered to increase energy
self-sufficiency ratio, even if they are located in

areas protected by environmental laws (R)

to be continued
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Continued from the previous page

No. Items of affective subscale Extremely Neutral Extremely
agree % disagree
% %
20 Japan should develop more ways of using renew- 7.8 16.5 452 21.8 8.7
able energy, even if it means that energy will cost
more (R)
21 (Se) I believe that I can contribute to solving the 16.5 29.1 43.2 8.1 3.0
energy problems by making appropriate energy-
related choices and actions
22 Energy education should be an important part of 16.8 26.8 41.2  10.5 4.7
every school’s curriculum
23 *  Need for the Energy-best-mix policy which devel- 11.4 179 526 119 6.2
ops both nuclear power and renewable sources in
Japan as an energy insufficient country.
to be continued to the table of behavioral subscale
Table B.3. Item Selection Trend of Behavioral Subscale.
No. Items of behavioral subscale Always Neutral Not at
% % all %
24 Many of my everyday decisions are affected by my 2.3 9.3 321 32.1 24.1
thoughts on energy use
25 I am willing to buy fewer things in order to save 3.2 9.9 40.6  30.1 16.3
energy
26 T always sort household waste according to thereg- 38.9  29.0  22.0 7.3 2.9
ulations
27 I am willing to encourage my family to turn the 19.8 29.5 294 135 7.8
heat down at night or the air conditioner temper-
ature up when were not home to save energy
28 I always keep on running water when washing my 8.8 7.8 18.2  24.2 41
teeth, face or shampooing (R)
29 * I may change own idea if I understand that the 7.3 21.0 59.7 9.0 3.0
energy choice is for sustainable society
30 When I leave a room, I turn off the light and com- 54.8 21.3  14.1 7.1 2.8
puter
31 My family buys energy efficient compact fluores- 24.6 27.5 31.8 11.1 5.0
cent light bulbs
32 * Development of renewable energy is important, 22.7 284 41.3 5.3 2.3

but the policy to become a burden on the eco-
nomic and industrial activities should be consid-

ered carefully

to be continued
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Continued from the previous page

No. Items of behavioral subscale Always Neutral Not at
% % all %
34 For energy-saving, my family sets the tempera- 25.5 25.2 32,5 11.6 5.1
tures on the air-conditioners higher in summer,
lower in winter
35 I am willing to encourage my family to buy energy 7.2 134 364 21.1 21.9

efficient compact fluorescent light bulbs and home

appliance
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Table B.4. Effective Information Sources for Energy Literacy.

Information sources N M%) SD(%) SE(%)
Cognitive

1. Science class 394 38.95 13.38 0.67
2. Social studies class 34 40.08 16.86 2.89
3. Technical course & Home economics class 75  37.83 13.88 1.60
4. Integrated studies class 17 42.82 16.67 4.04
5. Museum, Exhibition 74 41.45 13.52 1.57
6. TV, Radio 363  39.69 13.73 0.72
7. Books 45 46.41 17.75 2.65
8. Newspaper, Magazine 38  43.57 15.54 2.52
9. Internet 208  38.36 14.74 1.02
10. Conversation with family 21 4297 16.04 3.50
11. Conversation with friends 10  39.30 15.75 4.98
12. Others 3 18.60 6.15 3.55
Affective

1. Science class 394  69.21 7.13 0.36
2. Social studies class 34 69.97 9.06 1.55
3. Technical course & Home economics class 75  67.13 7.60 0.88
4. Integrated studies class 17 68.36 8.48 2.06
5. Museum, Exhibition 74 T71.54 6.79 0.79
6. TV, Radio 363  68.96 6.88 0.36
7. Books 45 71.20 8.64 1.29
8. Newspaper, Magazine 38  72.80 6.53 1.06
9. Internet 208 67.92 8.05 0.56
10. Conversation with family 21 67.22 7.30 1.59
11. Conversation with friends 10 70.84 10.05 3.18
12. Others 3 56.14 5.99 3.46
Self-efficacy

1. Science class 394 69.16 12.99 0.65
2. Social studies class 34  66.76 14.82 2.54
3. Technical course & Home economics class 75  66.20 9.69 1.12
4. Integrated studies class 17 63.53 11.15 2.70
5. Museum, Exhibition 74 72.30 14.12 1.64
6. TV, Radio 363  69.46 11.42 0.60
7. Books 45 70.33 12.40 1.85
8. Newspaper, Magazine 38  75.26 11.97 1.94
9. Internet 208  66.66 13.23 0.92
10. Conversation with family 21 65.48 12.54 2.74
11. Conversation with friends 10  75.50 14.23 4.50
12. Others 3 60.00 5.00 2.89
Behavior

1. Science class 394 66.78 10.51 0.53

to be continued
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Continued from the previous page

Information sources N M%) SD(%) SE(%)
2. Social studies class 34  66.20 9.45 1.62
3. Technical course & Home economics class 75  65.70 10.60 1.22
4. Integrated studies class 17 68.13 9.12 2.21
5. Museum, Exhibition 74 70.54 9.65 1.12
6. TV, Radio 363 67.28 10.43 0.55
7. Books 45  66.34 9.49 1.42
8. Newspaper, Magazine 38  71.53 9.03 1.46
9. Internet 208  65.30 11.10 0.77
10. Conversation with family 21 67.01 12.98 2.83
11. Conversation with friends 10  66.55 12.13 3.83
12. Others 3 53.94 12.38 7.15

End of the table
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Table B.5. Multiple Comparison between Effective Information Sources and Energy

206

Literacy.
Level 1 Level 2 Mean 1(%) Mean 2(%) Difference (%) SE P
Cognitive
1. Science class 7. Books 38.95 46.41 7.46 2.23  0.040 *
7. Books 9. Internet 46.41 38.36 8.05 2.33  0.028 *
7. Books 12. Others 46.41 18.60 27.80 8.45 0.048 *
Affective
3. Tech.& Home 5. Museum, Ex- 67.13 71.54 4.41 1.21  0.014 *
hibition
3. Tech.& Home 8. Newspaper, 67.13 72.80 5.67 1.47 0.007 Fk*
Magazine
5. Museum, Ex- 9. Internet 71.54 67.92 3.62 1.00 0.016 *
hibition
5. Museum, Ex- 12. Others 71.54 56.14 15.40 4.34 0.021 *
hibition
7. Books 12. Others 71.20 56.14 15.06 4.39 0.031 *
8. Newspaper, 9. Internet 72.80 67.92 4.88 1.30 0.010  **
Magazine
8. Newspaper, 12. Others 72.80 56.14 16.66 4.42 0.009 **
Magazine
Self-efficacy
3. Tech.& Home 8. Newspaper, 66.20 75.26 9.06 248 0.014 *
Magazine
5. Museum, Ex- 9. Internet 72.30 66.66 5.64 1.69 0.041 *
hibition
8. Newspaper, 9. Internet 75.26 66.66 8.60 2.20 0.005  **
Magazine
Behavior
5. Museum, Ex- 9. Internet 70.54 65.30 5.24 1.42 0.012 *
hibition
8. Newspaper, 9. Internet 71.53 65.30 6.23 1.85 0.037 *
Magazine
*p < .05, ¥* < .01, ¥** < .005



Appendix C

Theoretical models with
standardized coefficients for
exploring energy literacy structural

model

Standardized regression coefficients of the Theory of Planned Behavior, Value-
Belief-Norm Theory, and the hypothesis energy literacy structural model before model
improvement are presented in Fig. C.1, C.2, and C.3 with model fitness indices. All
coefficients are significant except the covariance between basic energy knowledge and
subjective norm in the hypothesis model (5 = 0.04, p = 0.164).

The TPB explains 51% of the variance in energy-saving behavior with the intention
and perceived behavioral control. Furthermore, the attitude toward the behavior,
subjective norm, and perceived behavioral control were able to explain relatively
equally 59% of the variance in intention (Fig. C.1). While in the VBN, only 15% of
variance in energy-saving behavior was explained by personal norm which is activated
by the ascription of responsibility and awareness of consequences, which is predicted
by basic energy knowledge. Students’ belief which is hypothesized to cultivate by basic
energy knowledge provided by energy education cannot explain sufficiency forming
energy-saving behavior by the VBN (Fig. C.2). The hypothesis model integrated
with the TPB and VBN explained 48% of the variance in energy-saving behavior
with the intention and perceive behavioral control. Fifty-two percent (52%) of the
variance in intention was explained by subjective norm, perceived behavioral control,
and attitude toward the behavior. The attitude toward the behavior was predicted
by the awareness of consequences predicted by the basic energy knowledge, larger

relative to the ascription of responsibility and personal norm (Fig. C.3).
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Attitude
Toward the
Behavior

Energy-Saving
Behavior

Subjective
Norm

Perceived
Behavioral
Control

Fig. C.1. Standardized coefficients of the Theory of Planned Behavior. GFI = 0.985;
AGHI = 0.889; SRMR = 0.0281; NFI = 0.982; CFI = 0.983; RMSEA = 0.135

R?=.18 R?= .53

Personal
Norm

Awareness of
Consequences

Energy-Saving
Behavior

Ascription of
Responsibility

Basic Energy
Knowledge

Fig. C.2. Standardized coefficients of the Value-Belief-Norm Theory. GFI = 0.883;
AGHI = 0.708; SRMR = 0.0856; NFI = 0.846; CFI = 0.848; RMSEA = 0.241
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Fig. C.3. Standardized coefficients of the hypothesis Energy Literacy Structural
Model. GFI = 0.881; AGHI = 0.756; SRMR = 0.1958; NFI = 0.866; CFI = 0.869;

RMSEA = 0.176
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Appendix D

Item analysis of survey for

Thailand and Japan

The low discrimination index (D) less than 0.2 is emphasized in bold. The items
with “a” were eliminated by evaluating internal consistency and with the (R) symbol
is a reverse question which is converted into the reversed point.

Students item selections of Thai and Japan are presented in Fig. D.1 to Fig. D.5.
The correct answers choice in the BEK is marked with square (Fig. D.1).
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Table D.1. Item Discrimination (D) Analysis of Thailand and Japan.

Question items

Thai (N = 635)

Japan (N = 1070)

Overall

Upper %  Lower %

D

Overall

Upper %

Lower %

D

Basic energy knowledge N
BEK Total

635
40.8

154
63.7

209
21.9

0.42

1070
47.9

356
69.3

336
25.2

0.44

BEKO1

BEKO02

BEKO03

BEKO04
BEKO05

BEKO06

BEKO07

BEKO08

BEKO09

BEK10

BEK11

BEK12

BEK13

BEK14

BEK15

CEIO1

Each and every action on
Earth involves ...

One advantage to using nu-
clear power instead of coal or
petroleum for energy is that

How much does our en-
ergy consumption depend on
imported energy resources?
(change to Local content)

It is impossible to ...

Which of the following is pro-
duced by photosynthesis?
Which of the following state-
ments best DEFINES en-
ergy?

Which two things deter-
mine the amount of ELEC-
TRICAL ENERGY (ELEC-
TRICITY) an electrical ap-
pliance will consume?

Which of the following de-
scription is correct about en-
ergy? Energy ...

How do you know that a piece
of wood has stored chemical
potential energy?

All of the following are forms
of energy EXCEPT ...

What does it mean if an elec-
tric power plant is 35% effi-
cient?

Which of the following
choices ALWAYS SAVES
energy? (change to local
contents)

Some people think that if we
run out of fossil fuels we can
just switch over to electric
cars. What is wrong with this
idea?

Which of the following de-
scription is correct about
petroleum that our country
consumes most? (change to
Local content)

The original source of energy
for almost all living things on
earth is ...

The best reason to buy an ap-
pliance labeled “energy effi-
cient” is ... (change to Local

content)

70.7

39.2

17.2

24.9
37.6

44.4

49.8

43.9

9.1

34.5

30.2

32.6

30.2

60.8

82.4

96.8

48.1

14.3

35.1
50.0

23.4

82.5

69.5

9.7

57.8

64.3

76.0

59.1

89.6

97.4

38.8

20.1

14.8

20.1
17.7

21.5

18.2

17.2

29.2

11.0

14.8

11.0

7.7

17.2

34.0

56.0

0.58

0.28

-0.01

0.15
0.32

0.02

0.64

0.64

0.40

-0.01

0.43

0.53

0.68

0.42

0.56

0.41

59.8

53.5

20.0

39.2
19.9

12.8

47.0

49.7

47.6

31.2

39.4

79.0

40.8

53.2

48.9

83.1

78.9

73.0

32.9

58.1
25.3

18.5

75.6

72.8

68.0

54.2

66.6

96.9

69.9

86.0

60.4

98.0

35.7

38.1

26.5
13.7

23.5

20.8

274

12.8

14.9

45.2

16.7

19.3

34.5

55.4

0.43

0.35

0.22

0.32
0.12

0.08

0.52

0.52

0.41

0.41

0.52

0.52

0.53

0.67

0.26

0.43
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Question items

Thai (N = 635)

Japan (N = 1070)

Overall

Upper %

Lower %

D

Overall

Upper %

Lower %

D

CEI02

CEI03

CEI04

CEIO5

Which of the following de-
scription is correct about the
CO2 emission increasing as
the cause of global warming?
Many scientists say the
Earth’s average temperature
is increasing. They say that
one important cause of this
change is ...

Which of the following
energy-related activities is
LEAST harmful to human
health and the environment?
Which of the following is
MOST appropriate descrip-
tion about the environmental
impact by energy resource de-
velopment and use?

42.8

49.4

65.4

89.0

85.7

58.4

85.7

10.0

22.5

14.8

0.79

0.63

0.44

0.45

67.5

50.8

66.9

48.5

97.2

84.8

93.5

75.6

23.5

15.5

32.4

25.9

0.74

0.69

0.61

0.50

Awareness of consequences N
AC Total

635
78.9

174
92.0

194
65.3

0.27

1070
79.7

315
93.6

331
65.0

0.29

ACO1

ACO02
ACO03

AC04

ACO05

ACO06

ACO7

ACO08

AC09

All  electrical  appliances
should have a label that
shows the resources used in
making them, their energy
requirements, and operating
costs

Saving energy is important
The government should have
stronger restrictions about
the gas mileage of new cars
People in our country should
save more energy

If the global warming pro-
gresses by energy mass con-
sumption, thousands of plant
and animal species will be-
come extinct

If the global warming pro-
gresses by energy mass
consumption, environmental
threats to public health are
serious

Energy saving is beneficial for
environmental protection and
for my health

Massive consumption of fos-
sil fuel causes global warm-
ing, environmental damage,
and affects people all over the
world

Resource depletion by mas-
sive energy consumption will
be a very serious problem for
the country as a whole

85.6

87.7
T

85.9

77.2

80.1

78.6

76.2

79.3

96.0

97.0
90.6

95.9

94.7

94.3

93.3

71.4

74.1
65.5

73.1

61.5

64.8

63.1

62.3

66.4

0.25

0.23
0.25

0.23

0.3

0.3

0.31

0.29

0.27

62.9

88.8
68.6

82.2

87.3

76.6

81.7

84.5

75.2

98.0
82.7

95.1

98.6

97.7

92.8

97.6

98.2

53.8

7.4
56.1

67.7

72.5

64.2

62.7

65.0

67.3

0.21

0.21
0.27

0.27

0.26

0.33

0.30

0.33

0.31
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Question items

Thai (N = 635)

Japan (N = 1070)

Overall

Upper %

Lower %

D

Overall

Upper %

Lower %

D

AC10

AC11

Climate change will be a very
serious problem for me and
my family

The destruction of tropical
forests for meeting humans’
demand will be a very serious
problem for me and my fam-
ily

65.6

73.8

79.5

88.6

55.3

60.6

0.24

0.28

80.3

82.8

95.7

97.9

64.4

64.3

0.31

0.34

Ascription of responsibility N
AR Total

635
75.6

178
86.2

171
63.2

0.23

1070
76.3

312
91.0

337
61.4

0.30

ARO1

ARO02

ARO3

ARO04

ARO05

ARO06

ARO7

Even if the school pays for
the electricity, I should worry
about turning the lights or
computers off in the class-
room

Even if new technologies will
be developed to solve the en-
ergy problems for future gen-
erations, we should continue
energy saving

Even if it would be produced
more energy for future, the
laws of protecting the natural
environment should be made
strictly

The way I personally use en-
ergy does really make a differ-
ence to the energy problems
that face our nation up
Every member of the pub-
lic should accept responsibil-
ity for energy saving to pro-
tect the global environment
The authorities, not the pub-
lic, are responsible for energy
saving and the environment
(R)

I am not worried about en-
ergy saving and the global en-
vironment (R)

82.5

86.3

83.6

75.4

83.9

48.5

68.8

96.4

97.6

95.3

87.6

95.7

48.1

82.6

63.9

69.1

67.4

67.3

53.6

59.9

0.33

0.29

0.28

0.27

0.28

-0.05

0.23

83.8

78.5

78.7

70.0

79.4

75.6

68.3

97.5

94.0

96.0

83.1

94.9

90.4

67.1

62.3

62.0

57.4

62.5

63.4

55.3

0.30

0.32

0.34

0.26

0.32

0.27

0.26

Personal norm N
PN Total

635
78.9

204
92.3

201
63.4

0.29

1070
74.5

327
89.5

405
61.3

0.28

PNO1

PNO02

PNO3

I feel guilty when I squander
energy

I feel I ought to save energy
for solving climate change
and protecting global envi-
ronment

Business and industry should
conserve energy consumption
to reduce greenhouse gas
emissions to help prevent cli-
mate change

72.8

83.8

82.7

85.9

95.4

96.2

60.4

69.1

65.2

0.25

0.26

0.31

74.0

86.1

80.2

90.8

98.3

95.7

60.6

72.2

65.0

0.30

0.26

0.31

213

to be continued



Continued from the previous page

Thai (N = 635)

Japan (N = 1070)

Question items Overall Upper % Lower % D Overall Upper % Lower % D
PN0O4  The government should take 81.6 96.7 63.7 0.33 73.7 91.8 58.7 0.33
a strong leadership for en-
ergy policy to reduce green-
house gas emissions and pre-
vent global climate change
PNO5 I feel a personal obligation 73.4 87.2 58.7 0.28 58.4 70.6 49.8 0.21
to do whatever I can con-
tribute including energy sav-
ing to prevent climate change
Attitude toward the behavior N 635 187 202 1070 343 363
ATB Total 82.6 95.0 68.3 0.27 77.6 90.6 64.7 0.26
ATB01 For me energy saving is im- 81.5 93.4 67.7 0.26 92.2 99.3 83.2 0.16
portant
ATB02 For me saving energy is valu-  88.9 98.8 75.1 0.24 85.0 97.7 70.1 0.28
able
ATBO03 For me saving energy is effec- 89.4 98.1 75.5 0.23 78.3 94.6 63.4 0.31
tive
ATB04 For me saving energy is inter-  77.4 93.0 62.4 0.31 53.4 69.3 39.1 0.30
esting
ATBO05 Energy saving will help us to  81.0 95.1 66.6 0.28 75.2 89.3 62.4 0.27
reduce greenhouse gas emis-
sion
ATBO06 Energy saving will help us to  83.9 97.0 68.2 0.29 88.1 97.7 76.9 0.21
save money
ATBO07 Energy saving will give us an  75.8 89.3 62.5 0.27 71.1 86.1 57.6 0.28
opportunity to consider new
values of life style
Subjective norm N 635 195 178 1070 312 336
SN Total 72.7 86.2 58.7 0.28 61.5 75.4 47.9 0.28
SNO1 My family thinks that I 78.8 89.7 64.9 0.25 68.3 84.7 53.5 0.31
should save energy
SNO02 Most people who are impor- 77.4 90.9 59.9 0.31 63.3 78.6 48.9 0.30
tant to me think that I should
save energy
SNO03 Most of the students in this 72.6 88.3 55.6 0.33 50.4 63.4 35.9 0.28
class think that I should save
energy
SN04 My family has saved energy 76.1 86.8 63.3 0.24 68.8 83.3 52.9 0.30
SN05  Most people who are impor-  70.1 83.3 55.7 0.28 63.0 77.3 50.0 0.27
tant to me have saved energy
SNO06 Most of the students in this  69.0 81.4 58.1 0.23 52.8 61.9 42.7 0.19
class have saved energy
SNO7 Most people who I respect ap-  65.4 81.2 51.6 0.30 60.2 75.6 46.0 0.30
preciate my energy saving be-
havior
SNO08 When it comes to energy sav-  71.0 87.4 58.0 0.29 64.6 77.9 52.8 0.25
ing, I want to do what the im-
portant people expect to me
SN09 Generally speaking, how 73.4 86.9 60.8 0.26 62.2 75.8 48.3 0.27
much do you care what the
people around you think you
should save energy?
Perceived behavioral control N 635 181 173 1070 296 333
PBC Total 71.7 85.5 57.2 0.28 67.7 83.9 52.7 0.31
PBCO01 For me saving energy is diffi-  66.7 85.7 46.0 0.40 62.6 82.8 44.2 0.39

cult (R)
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Thai (N = 635)

Japan (N = 1070)

Question items Overall Upper % Lower % D Overall Upper % Lower % D
PBC02 Energy saving is up to me 87.9 95.7 77.0 0.19 77.6 86.8 68.6 0.18
«a
PBCO03 I am confident that I can save  81.1 92.3 69.4 0.23 61.1 80.3 42.8 0.38
energy
PBC04 For me saving energy is pos- 82.0 93.5 68.4 0.25 86.4 97.9 73.5 0.24
sible
PBC05 How often do you encounter 59.4 70.8 48.0 0.23 65.5 73.9 58.9 0.15
a unanticipated events that
you cannot do saving-energy?
(R)
PBC06 How often do you forget todo  60.6 76.0 45.5 0.30 58.9 81.0 39.3 0.42
saving-energy? (R)
PBC07 How often do you feel trou- 64.3 84.4 46.1 0.38 61.5 84.7 42.0 0.43
blesome to do saving-energy?
R)
Intention N 635 181 196 1070 344 318
INT Total 68.0 82.7 54.2 0.28 61.2 75.4 45.2 0.30
INTO01 If there were ten people 54.0 70.3 39.7 0.31 46.9 59.6 33.2 0.26
a around you, what do you
think how many people save
energy? (choose the number
of persons)
INTO2
INT03 I am always thinking about 67.3 82.7 53.4 0.29 57.9 73.5 39.4 0.34
the way of energy saving
INT04 I will make an effort to save 73.8 87.1 61.6 0.25 70.3 86.5 49.3 0.37
energy
INTO05 I will do more to save energy  80.4 93.7 66.8 0.27 72.1 88.1 55.1 0.33
if T knew how
INTO6 I believe that I can con- 78.3 91.9 63.9 0.28 73.2 84.9 60.8 0.24
tribute to solving the energy
problems by making appro-
priate energy-related choices
and actions (e.g. buy an en-
ergy efficient electric appli-
ance, use one thing for a long
time)
Energy-saving behavior N 635 185 174 1070 300 333
ESB Total 71.9 84.2 59.3 0.25 67.8 81.2 55.2 0.26
ESBO1 When I leave a room, I turn  84.2 91.7 73.6 0.18 90.1 97.1 81 0.16
off the light
ESB02 I regularly separate the waste  60.2 74.5 47.8 0.27 81.1 92.0 67.5 0.24
according to the regulations
ESB04 I turn off the computer when  83.2 93.1 68.9 0.24 87.6 97.4 77.1 0.20
it is not being used
ESB05 I always keep on running wa-  68.6 79.4 58.0 0.21 78.5 89.9 66.3 0.24
« ter when washing my teeth,
face or shampooing (R)
ESBO06 I try to choose the ‘ENERGY  84.6 93.1 73.6 0.20 47.2 62.9 35.0 0.28
STAR’ appliances/products
(change to Local content)
ESB0O7 When I (my family) travel 63.5 74.1 52.5 0.22 61.8 75.5 50.9 0.25

to remote area, I use public
transportation such as a bus
or a train instead of own car

as possible
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Question items

Thai (N = 635)

Japan (N = 1070)

Overall

Upper %

Lower %

D

Overall

Upper %  Lower % D

ESBO08

ESB09
ESB10

ESB11

ECBO01

ECBO02

I cut down on my consump-
tion of disposal items when-
Plastic

bags from the supermarket,

ever possible (e.g.

excessive packaging at the de-
partment store)

I try to reduce the waste

In the past six months, I have
made an effort for energy sav-
ing

For me to gain a better un-
derstanding of energy saving
is important

Many of my everyday de-
cisions are affected by my
thoughts on energy use

I am willing to buy fewer
things to save energy

63.1

72.2
66.6

75.1

70.5

70.8

77.8

87.0
81.2

90.1

83.8

85.2

52.3

56.2
53.2

59.2

59.3

57.0

0.26

0.31
0.28

0.31

0.24

0.28

62.5

64.6
54.6

74.2

63.6

48.1

80.5 45.3 0.35

82.4
72.3

49.7
38.7

0.33
0.34

86.3 62.6 0.24

76.4 52.0 0.24

36.0 0.25
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Fig. D.1. Students’ Selection on Basic Energy Knowledge.
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Fig. D.5. Students’ Selection on Intention and Energy-Saving Behavior.
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Appendix E

Survey questionnaires used for

energy literacy assessment

There are three questionnaires.

e Fig. E.1 was developed for the assessment of Japanese students and the com-
parison with the result of the U. S. middle students (Chapter 3).

e Fig. E.2 was developed for the improvement of energy literacy model (Chap-
ter 5).

e Lastly, Fig. E.3 was developed based on the Fig. E.2. It was modified to meet
Thai situation and translated into Thai language (Chapter 6). The item num-
bers of Thai questionnaire are indicated by two numbers with underscore. The
former is a serial number of Thai and the latter corresponds to the number of
the questionnaire for Japanese students (Fig. E.2). The questionnaire provided
to Thai students has no latter number. Demographic items in English was

presented at the end of Thai questionnaire.

Table E.1 presents the correspondence between question numbers and survey vari-
ables in questionnaire for Japan 2016 and for Thai 2017. Items with an asterisk (*)
have been deleted from Thai questionnaire beforehand. Variables of ABC01, ABC02,
and ABCO03 of the actual behavioral control in the TPB were eliminated from analysis

due to lack of internal consistensy (Table E.2).
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E.1 Questionnaire for Japanese Students 2014

HAb K 5

=/ KYOTO UNIVERSITY

IRNF—UTIo—RE
(R4 )

201443 A

[BrIEE%]
REBARFZARZRIRILF—RIZRTTR
IRILF—HR - BIERFHEY
IRIF—HETENE (BEARE

B2 UE 8
akitsu@social-system.energy.kyoto-u.ac.jp
T606-8507 REBAFREPTHARX SHAH

tel & fax: 075-753-5488

Fig. E.1. Questionnaire for Japanese Students 2014.
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IRLF—UTSL—RE (PEER)

IRILF—-)TI53o—RE (PFER)

A Broad Assessment of Energy -related Knowledge, Attitudes and Behaviors

FC®HIZ
COFABERTAITCIEHBY FEHEAOTHELLVARLYTIBREFLEIHY EFEA.

FEERTE D TRHEWVWIED, MSBNIELHETLLSAhELAFEEADL, BELAIRIL
F—ITDOVWTEDKBIEEZMOTWT, EARLYTHLEZYLTWEHLZHE:-HDEE
BAETT. ELEORENEIOALHEVNLIICHEDTVLWETOT, RIEECBEENE 1
BYICEEIZBZEAT L.

Tor—RZE520€0avhbyET.

D wHar1, 2, 3, 4TIK WFhH 1 ~5DBRELNHYFTOT, TEHHN
FO5FRERSEECAIZIDEFOEDIFTT &L

Q@ Ftf=, HBEENTEDLS W] F585h, FORYLZONE1~5DHELTET
RTWLWBHEDAHYFET. BAORBFLEOKRESIZTHH>TWLEEBEBIZOEDITT
TEL. FERIEIWYERA.

@ €Y 34Tl TEENR>TWEEHD] ¥ T~~TREVWHED] 2-FTHRTLD
BRI HYFETDT, K<HRATHZEITEFT LSIBFELLET.

@ €9 a 5 EIOMEDARYLGEBEHTIOTRLT IRALESLY.

OELIENI EAHY FLEoREITETRIFEZELN.

CHHEHYNES TTVFET.
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E.2 Questionnaire for Japanese Students 2016
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KYOTO UNIVERSITY
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FEERTE S THVLIER®, oAV EHLHTLL SN LhERAN, HLELNIRIL
F—PREICOVWTEDHRLECEEMO>TVT, BEALYTHLEYLTLEAEMD®
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Fig. E.2. Questionnaire for Japanese Students 2016.
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Section 4
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Section 4

DEMOI (1) Country name ( )
DEM02  (2) City name you live in ( )
(3) Please enter your school name ( )
e.g., Doshisha, Sapix
(4) Please enter your school type ( )
e.g., Private, Cram
DEM03  (5) Gender 1. Male 0. Female
DEMO4  (6) Your school year grade The ( )th grade
DEMO5 (7)  Your age ( ) years old
Fro example: 14 years old -> Enter just "14"
DEMO06  (8) Please choose your favorite classes 1. Science class
(multiple response) 2. Social study
3. Literature
4. Language
5. Mathematics
6. Others
DEMO7  (9) Have you ever learned energy related 1. Yes 0. No
issues? — go to (10) —>goto (11)
DEM08  (10) If you answered "Yes" to item (9), where 1. Classes in elementary school
have you learned it? 2. Classes in lower secondary school
(multiple response) 3. Internal activity of school education
4. External activity of school education
5. At home (parents, siblings, guardians)
6. Community event
7. Others
DEM09 (11) Have you ever been to energy-related 1. Yes 0. No
facilities? — goto (12) —>goto (13)
DEM10  (12) If you answered "Yes" to item (11), where 1. Thermal power plant
have you been to? 2. Hydroelectric power plant
(multiple response) 3. Solar farm
4. Wind farm
5. Biomass power station
6. Biomass fuel production plant
7. Nuclear power plant
8. Others
DEM11  (13) Have your parents ever told you about save 1. Yes 0. No
electricity or energy? — go to (14) — you finished
If you answer "Yes", then go to (14)
DEM12  (14) If you answered "Yes" to item (13), how old  ( ) years old

were you when your parents first told you

about energy saving?
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Table E.1. Correspondence between Question Numbers and Survey Variables.

No.  Variable

No. Variable

No. Variable

No. Variable

1 Self-rating 01 36 CTA17 * 71 SN06 106 CSL13
2 Self-rating 02 37 PBCO03 72 ESBO7 107 CSLO03
3 Self-rating 03 38 ARO03 73 ARO06 108 CSL04
4 Self-rating 04 39 PNO3 74 NEPO0O6 109 CSL14
5 ESBO1 40 NEP0O3  * 75 PBCO06 110 CSLO05
6 INTO1 41 ECBO02 76 CTAO06 111 CSL06
7 CTA1ll * 42 CTAO03 * 77 ATBO7 112 CSL15
8 NEPO1 * 43 ESB04 78 CTAOT7 113 CSLO7
9 ATBO1 44 INTO04 79 SNO7 114 CSLO8
10 CTAI12 * 45 CTA18 * 80 ARO1 115 CSL16
11 ABCO01 Deleted 46 ATB04 81 PBCOT7 116 CSL09
12 SNO1 47 CTA19 * 82 ESBO08 117 CSL10
13 ACO1 48 ABCO03 Deleted 83 NEPOS 118 CSL17
14 CTA13 * 49 NEP04 * 84 ACO7 119 CSL11
15 ESB02 50 PBC04 85 ESB09 120 CSL12
16 INTO02 51 CTA21 * 86 ARO7 121 CEIO5
17 CTAO01 * 52 PNO04 87 NEPO7 122 BEKO1
18 ACO02 53 INTO05 88 SNO08 123 BEKO02
19 CTAI15 * 54 CTA04 * 89 ACO08 124 BEKO03
20 ATBO02 55 SNO04 90 CTAO08 125 CEIO1
21 ESBO03 * 56 AC04 91 SNO09 126 BEK04
22 SNO02 57 ARO04 92 ACO09 127 BEKO05
23 CTAl4 * 58 ESBO05 93 CTA09 128 BEKO06
24 PBCO02 59 ATBO05 94 ESBI10 129 CEI02
25 ARO02 60 CTA22 * 95 NEP09 130 BEKO08
26 PNO02 61 PNO05 96 CTA20 131 BEKO07
27 NEPO02 * 62 SNO05 97 PBCO1 132 BEK09
28 CTAO02 * 63 NEP05 * 98 ACI10 133 CEIO03
29 INTO03 64 PBCO05 99 PNO1 134 BEK10
30 ECBO01 65 ACO05 100 CTA10 135 BEK11
31 ATBO03 66 ATBO06 101 ESB11 136 BEK12
32 ABCO02 Deleted 67 CTAO05 * 102 AC11 137 CEI04
33 CTA16 * 68 ARO05 103 CSL18 138 BEK13
34 SNO03 69 ACO06 104 CSLO1 139 BEK14
35 ACO03 70 ESBO06 105 CSL02 140 BEK15

Table E.2. Items of Actual Behavioral Control.

No. Variable Question

11 ABCO01  If I encountered unanticipated events that placed demands on my time, it would make
it more difficult for me turning off the lights (R)

32 ABC02  The difficulty of garbage separation would depend on less time or space to organize
it (R)

48  ABCO03 I feel that it would be difficult to solve energy issues by my own action (R)
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