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Abstract

Facing the challenge of global warming, greater importance has been placed on learning energy
and environment in schools and the energy-saving behaviors of children and their families are
encouraged. The authors implemented energy environmental education programs with visualiza-
tion in elementary and junior high schools, and surveyed changes in the awareness and behavior
of children and their families. As for children, the results showed that the programs increased the
awareness of effectiveness, while almost no change was observed in other factors. The psychologi-
cal factors impacting intention and behavior in children were attitude, expectations from parents
and expansion of interest. Indicating spillover effect on families derived from education of child-
ren, psychological factors and behavior of parents were improved. Awareness of effectiveness and
behavior of children had significant effects to the most psychological factors of parents, leading to
intentional and behavioral change. Furthermore, behavior of parents got influenced by expecta-
tions from children. It was also indicated that the higher the awareness of the child is, the greater
the spillover effect on the family as a result of education is.
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1. Introduction

Environment-friendly behaviors (EBs) have increasingly been encouraged, and greater importance is being plac-
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ed on learning energy and environment, which has been clearly involved in the recent curriculum guidelines for
schools in Japan [1] [2]. EBs are strongly influenced not only by the acquisition of knowledge but also by direct
experiences. The process of “visualization”, by which the effects of one’s actions can be seen and confirmed,
has been shown to be effective [3] [4]. Experience-based participatory lessons, however, are still not commonly
included in school education [5]-[7]. Furthermore, the benefits of environmental education programs have not
been clearly evaluated, and there has been little consideration of curriculum content that will lead to EBs not
only by students, but also within their families [8].

When it comes to EBs of individuals, parents’ behaviors can influence their children’s behaviors within a
family, and children’s habits and values can be particularly influenced [9]-[11]. On the other hand, children’s in-
fluence on their parents has not been well-evaluated. It is still unknown the extent to which children impact their
parents’ awareness and behaviors through things they learn at school and take home.

Various models have been proposed for the psychological process of behaviors including EBs. Existing theo-
ries include the Theory of Reasoned Action (TRA) [12], which expresses the structure of psychological factors
such as attitude, subjective norm, intention and behavior; the Theory of Planned Behavior (TPB) [13], which
develops this to include perceived behavioral control (PBC); Norm Activation Theory [14], which takes into
consideration of morality; and Value-Belief-Norm Theory [15], which focuses on values, along with various
models for their application [16]-[19]. In terms of EBs, a gap exists between “attitude” and “behavior”. For ex-
ample, even someone thinks that global warming is a serious problem, he or she actually takes no specific action.
Categorizing and analyzing the psychological factors behind this allows more appropriate mechanisms leading
to behaviors to be ascertained, and has the potential to promote behaviors [19] [20].

Based on the above, the authors implemented a program of experience-based education relating to energy and
the environment with visualization in elementary and junior high schools. Then the behavioral and awareness
changes among the children as well as their families were investigated, considering the spillover effect in fami-
lies by the environmental education of children. We tried to evaluate the relationships between the children’s
psychological factors and those of their parents by structural equation modelling.

2. Material and Methods

2.1. Implementation of an Experience-Based Environmental Education Program with
Visualization

Between October 2011 and January 2012, we implemented a program of energy-related environmental educa-
tion designed to lead to new awareness within the home. The program was implemented in the integrated study
periods and individual subject (science) lessons at elementary and junior high schools in one of wards (Bunkyo)
of Tokyo, Japan. The program was implemented in consideration of the priorities within curriculum guidelines,
but focused on specific activities that included visualization, and aimed to involve children in problem solving
related to issues familiar in their daily lives. The elementary and junior high schools where the project was im-
plemented are shown in Table 1.

The visualization took the form of using a “watt checker”, which is a piece of apparatus that enables electric-
ity use to be measured in real time, in experiments to measure how much electricity is used by familiar items,
and the use of an “energy-saving navigator”, which allowed students to pursue changes in the electricity use
through energy-saving behaviors. Students were encouraged to think about issues such as the use of lighting in
school. In addition to this, in order to involve the entire family, students were asked to read their own family
electricity meter and implement energy savings at home. The energy-saving navigator was put to the power dis-
tribution board, and displayed the amount and price of electricity use in real time, allowing visual confirmation
of how much electric power use changes depending on their behaviors (Figure 1). Plugging domestic electrical
appliances into power sockets via the watt checker allowed real-time visual confirmation of how much power is
consumed by the item while on standby and in use (Figure 2).

2.2. Survey of Changes in Awareness and Behavior

In order to analyze the children’s behavioral change as a result of the education program, a questionnaire survey
was conducted for the children and their families (parents/guardians). The questions were prepared based on the
TPB and the further developed method of Hayabuchi [20]. In addition to the questions about values of energy
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Table 1. Outline of energy-related environmental education implemented in elementary and junior high schools.

No. of

School  Grade” Subject Contents
Students Classes

e  Use of energy-saving navigator to look at how lighting is used in

X -5t Integrated the classroom 52 4
study e Survey of family electrical products (reading family electricity
meter)
e LED lighting
Use of watt-checker to measure energy-saving benefits of a range
Y J-2m Im;%:ngd of equipment 38 2
Survey of family electrical products (reading family electricity
meter)
e  Use of energy-saving navigator to look at how lighting is used
7 Jpnd Science in the classroom 85 3

Survey of family electrical products (reading family electricity
meter)

“E: Elementary school; J: Junior high school.

Figure 1. Watt checker.

Electricity
Price

CoO,

Calorific value

Figure 2. Energy-saving navigator. Power consumption data are sent
from the power distribution board (top left) to the energy-saving navi-
gator, and displayed on the monitor (top right). An example of the moni-

tor display (bottom).
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savings, the questions for awareness of effectiveness were prepared, considering the realization of energy-saving
benefits as a result of seeing saved electricity. Details are given in Table 2. The questions were the same for
children and their parents, except one question asking about values of energy savings (p3-1). Furthermore, in
regard to subjective norms (s/p-4, 5), children were asked about the expectations from their parents, school-
teachers and friends, while parents were asked about the expectations from their children, neighbors, and
friends.

The children’s perceptions were surveyed three times in order to analyze changes in their awareness and be-
haviors. It was carried out first prior to the environmental education implemented, then immediately afterward,
and again a month later to evaluate the continuity. The questionnaire sheets were distributed to all the children
participating the classes by either the responsible person for the program or by the class teacher, and the children
were asked to fill and return them then and there. Each question was asked using 5-item Likert scale: “strongly
think so”, “think so”, “slightly think so”, “slightly do not think so0”, and “do not think so”, while “always”, “of-
ten”, “sometimes”, “rarely”, and “never” were used for the question about the behavior itself. These answers
were converted into 5 to 1 for the statistical analysis.

In the case of the families, the questionnaire sheets were passed via their children, distributed by the teacher
after the program completed. The parents were asked to complete the questionnaire at home, and the sheets were
collected and returned to the teachers by the children. The parents were asked once about the level of “change”
by the program, using six-item Likert scale: “I get strongly to think so”, “I get to think so”, “I get slightly to
think so”, “no change”, “I get slightly not to think so”, “I get not to think so”, while the word of “conduct” was
used instead of “think” for asking the behavior change. The values +3 to —2 (0: no change) were applied to the
answers for the analysis. The parents were also asked the extent to which energy-saving behavior had specifically
changed since before the education program. Besides, they were asked about the increase within the family in dis-
cussions, concerns, or behaviors relating to global warming; if there had been changes, the reasons were also
asked.

The answers gained both from the children and their parents were used for the analysis, giving 116 valid res-
ponses (with a response rate of 66%). In addition to the basic statistical analyses, we applied structural equation
modeling (SEM) to investigate how awareness and behavior in the children had impacted their families, using
105 samples in which there were zero missing values from either the parent or the child. For the SEM, SPSS
Amos Ver. 20 (IBM Co., USA) was used.

3. Results and Discussion
3.1. Changes in the Children

In contradiction to the assumption, almost no significant changes were observed in the awareness and behavior
of the children before and after the education program. While a slight increase in all categories was observed
just after the program, it fell again in almost all categories a month later. The only area in which a significant in-
crease was seen as a result of learning was in “AE: awareness of effectiveness”, which rose from 3.83 (prior) to
4.01 (immediately afterward) and 3.91 (a month later). It indicates that this effect was achieved by a quantitative
understanding of the reduction in energy use achieved by energy-saving behaviors through visualization, and a
consequent realization of the benefits.

Figure 3 shows the average figures for awareness and behavior in the children just after the program. Higher
values were seen in “AT: attitude”, “AC: awareness of consequences” and “AE: awareness of effectiveness”. In
contrast, “PBCL: perceived behavioral control (perception of easiness to conduct the behavior)” and “PN: per-
sonal norm” showed lower values. The fact that there was almost no change post-learning indicated that the
psychological state of the children is quite stable and not so influenced by outside forces. It is obviously impor-
tant to note that in the year of this study the occurrence of the Great Eastern Japan Earthquake Disaster had al-
ready resulted in strong calls for energy-saving measures, and it is likely that the children’s awareness of power
saving was higher than it would have been in other years. There is also the possibility that “power-saving fatigue”
occurred in some cases and there were no rooms to accept additional encouragements.

3.2. Changes in Parents

Of the questionnaires sent to the families, 86.5% were completed by mothers, 10.6% by fathers, and 2.9% by
grandmothers. In terms of changes to the awareness/behavior of parents, more than one point rise was observed
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Table 2. Details of questions and their focus of analysis.

Question ID
Child Parent
sl pl
s2 p2

- p3-1
s3-2 p3-2
s3-3 p3-3

s4 p4
s5 p5
s6 p6
s7 p7
s8 p8
s9 p9
s10 p10
s11 p1l
s12 p12
s13 p13

Target”

Behavior

Intention

VES1
VES2
VES3

SN_P/SN_C

SN_F

PBC1
PBC2
PN
R
AT

AC

AE
El

Details of question

Do you currently conduct energy-saving behaviors?
Do you have intention to conduct energy-saving behaviors?
Do you think energy-saving behaviors are valuable? (Parents only)
Do you think energy-saving behaviors are useful?
Do you think energy-saving behaviors are a good thing?
Do you think your [family (s4)/child (p4)] expects you to conduct energy-saving behaviors?

Do you think your [school teachers and friends (s5)/friends and neighbors (p5)]
expect you to take energy-saving measures?

Is it easy for you to take energy-saving measures?
Could you take energy-saving measures if you wished to?
Do you feel guilty about using electricity?

Do you feel obliged to take energy-saving measures?
Do you think that global warming is a serious problem?

Do you think that energy-saving behavior is important in preventing
global warming, even to a minor extent?

Do you believe that energy-saving behavior can reduce the amount of electricity you use?

Do you wish to know more about ways to prevent global warming and save energy?

"VES: Values; SN: Subjective Norm; PBC: Perceived Behavior Control; PN: Personal Norm; R: Responsibility; AT: Attitude; AC: Awareness of
Consequences; AE: Awareness of Effectiveness; El: Expansion of Interest.
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Figure 3. Post-learning awareness and behavior among children.

in most categories after the program (Figure 4). In particular, higher “VES: values” and “AE: awareness of ef-
fectiveness” indicated that the benefits of visualization extend not only to children but also to their parents. In
terms of subjective norms, while little change was noted in “SN_F: perception about the expectations of neigh-
bors and friends”, the significant rise in “SN_P: perception about the expectations of children” was observed.
The significant rise of SN_P indicated that the education was effectively communicated from children to their
parents, by children involving in their parents in homework (reading electricity meter, etc.).

Checking the parents’ individual behavior change (Figure 5, Table 3), increasing tendency was observed in
all behaviors, particularly in “Light”, “A/C”, “TV”, and “PC”, all of which showed more than one point increase
after the program. The rate of behavior to select the environment-friendly products with eco-labels is usually
low [21], but in this study a comparable level of change was observed in “Ecomark” to “Fridge” and water sav-
ing through “Shower” and “Laundry”.
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Figure 4. Post-learning changes in awareness and behavior among parents

(no change = 0).
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Figure 5. Specific changes to level of parents’ behavior subse-
quent to education program.

Table 3. List of specific questions relating to energy-saving behavior.

Short description
Light (Off)
TV (Off)

PC (Off)
Fridge (Temp)
Fridge (Door)
Fridge (Load)
AJ/C (Temp)
A/C (Off)
Shower (Save water)

Laundry

Ecomark

Details
Tuning off lights in empty rooms
Turning off the TV when people are not watching it
Turning off the PC when people are not using it
Using a lower setting in the refrigerator compartment
Reducing opening and closing the door of the refrigerator
Avoiding overloading the refrigerator
Adjusting the temperature of the air conditioner
Shortening the time of using air conditioner
Taking shorter showers
Cutting down on the frequency of washing clothes
Buying eco-mark-appliances
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During the education program, not of all these behaviors were directly picked up, but it is indicated that
checking electrical use and encouragement by children would have a spillover effect on other various energy-
saving behaviors.

The results of increase in discussions, concerns, and behaviors related to global warming within the family
since the program started are shown in Figures 6-8.

In terms of “discussions” (Figure 6), 64% of families said that they had already discussed the issue (no
change), and 28% said that they had no discussion, while 7% of families reported that discussions had increased
subsequent to the program. The most common reasons for discussion increase were an increased interest in the
child(ren), the opportunity to use an electricity meter at home, and the benefits of energy-saving behaviors told
by their child(ren).

Only 3.4% of families responded that their concerns in global warming had increased, indicating that most the
families had an existing interest in the topic. Families reporting a change commonly gave an increase in con-
cerns/behaviors by the child(ren), or the benefits told by their child(ren), as the reason for the change.

In response to their behaviors in regard to global warming, 11.2% of families reported a rise in activity. Of the
remaining families, 77.6% had been engaged in some activities prior to the program, while 11.2% responded
that they were not engaged in any particular activities to prevent global warming. The most common reason for
an increase in behavior was an increase in the child(ren)’s concerns about global warming, followed by an in-
crease in the behaviors of the child(ren). In comparison with other categories, the impact of the benefits told by
the child(ren) appeared lower.

The effect of visualization would be seen in the “assignment of reading electricity meter”, but the changes in
the children’s concerns and behaviors had much greater impacts on the parents.

3.3. Spillover Effect on Families of the Environmental Education for Children

The correlations between the children’s states just after the program and the parents’ changes were calculated,
and the statistically significant correlations (p < 0.05) are shown in Table 4. The results show that the awareness
and behavior of children is related to various increases in awareness among parents/guardians, including inten-
tion, values related to energy savings, behavioral control, responsibility, attitude to the environment, awareness
of effectiveness, etc. Of these, a significant correlation can be seen between awareness of effectiveness and the
level of behavior implementation in children and many changes in awareness among parents/guardians, indicat-
ing that where children become aware of a benefit and behave accordingly, there is a stronger educational bene-
fit to the parent/guardian as well.

In reference to the correlation coefficients, the structural model expressing the relationships between the
children’s and parents’ variables were constructed by SEM. Figure 9 shows the significant model finally ob-
tained. Each endogenous variable, which is explained by the other variables, has the error term, but to avoid ex-
cessive complexity, those have been omitted from the diagram. The model is usually evaluated by model fit in-
dexes; CFl (Comparative Fit Index) ranges between 0 and 1, with higher values indicating better fit. CFl is quite
stable and most widely used index. CFI values above 0.90 are usually associated with a good model fit; RMSEA

Others, 0.9

Increased after

(%) ;
education, 7.0

| [ncrease of child's concern

Heard of global warming from
child

m Child's energy-saving
activities

W Assignment of reading
electricity meter
Heard of how to save energy
from child

1.6 = Heard of effectiveness of

0.0 energy-saving from child

m Others

Nothing, 28.1

Figure 6. Rate of change and reason for increase after education: Topic of global warming.
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activities

m Assignment of reading
electricity meter
Heard of how to save energy
from child
Heard of effectiveness of
energy-saving from child
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Figure 7. Rate of change and reason for increase after education: Concern for global warming.

- Increased after
Noth 11.2
othing, education, 11.2

(y .
(%) m Increase of child's concern

3.9 = Heard of global warming from
child

1.3 ™ Child's energy-saving activities

2.2 m Assignment of reading
13 electricity meter
17 Heard of how to save energy

from child

0.9 mHeard of effectiveness of
0.0  energy-saving from child

m Others

Figure 8. Rate of change and reason for increase after education: Action for preventing global
warming.

Table 4. Correlation coefficient matrix between children’s and parents’ variables (p < 0.05).

Child
Parents sl s4 s12 s13
Behavior SN_P AE El
p2 Intention - 0.215 0.207 -
p3-1 VES1 - - 0.294 -
p3-2 VES2 - - 0.247 -
p3-3 VES3 - - 0.252 -
p4 SN_C 0.210 - - 0.204
p7 PBC2 - -0.213 0.264 -
p9 R 0.223 - 0.200 -
p10 AT 0.248 - 0.206 -
pl12 AE - - 0.217 -
p13 El 0.204 - - -

(Root Mean Square Error of Approximation) is also widely used index. Lower RMSEA value (especially below
0.08) indicates better fit. The model shown in Figure 9 gives a little bit higher RMSEA value (=0.093), but the
acceptable CFI (=0.91). Based on the model fit indexes, the overall model appears to have achieved a good fit.
Focusing on the children’s intention (s-intention), it is influenced by expansion of interest (s-El = 0.41) and
the parents’ expectation (SN_P = 0.36), as well as the attitude (s-AT = 0.18). The children’s behavior (s-beha-
vior) is also directly influenced by SN_P (0.27), as well as the intention (s-intention = 0.36). The parents’ percep-
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Figure 9. SEM of a spillover effect on parents derived from the environmental education of children (ltalic: R?)
(Standardized coefficients, CMIN/DF = 1.909, GFI = 0.824, AGFI = 0.743, CFl = 0.910, RAMSEA = 0.093).

tion changes were compiled into two latent variables, namely “p-VES” and “p-ESM”. “p-VES: Value of Energy-
Saving” was the latent variable behind the VES-1 to -3, which represented the change of value evaluation about
the energy saving behaviors. “p-ESM: Energy-Saving Mind” was the latent variable representing most the psy-
chological factor changes especially in the area of awareness of effectiveness (p-AE = 0.85), responsibility (p-R
= 0.83), awareness of consequences (p-AC = 0.78), and personal norm (p-PN = 0.77).

The significant effect of children’s behavior (s-Behavior) on the parents’ perception improvement (p-ESM)
was observed (0.21). Besides, the children’s awareness of effectiveness (s-AE) had the significantly positive ef-
fects both on the p-VES (0.29) and p-ESM (0.25). The negative impact of s-SN_p on the p-ESM (—0.16) means
that the parents whose children felt higher pressure from the parents were difficult to change their perceptions.

The parents intention change (p-Intention) was determined not only by p-VES (0.16) and p-ESM (0.14), but
also directly by p-AC (0.36) and p-SN_C (0.35). The following behavioral change (p-Behavior) was determined
by the intentional change (p-Intention = 0.29) and p-PBC (0.21), which is consistent with the TPB model. Be-
sides, in our model, the direct effects of p-ESM (0.26) and p-SN_C (0.24) on the p-Behavior were observed. The
expectations from children (p-SN_C) were not completely involved in the parents’ holistic perception (p-ESM),
but separately had the significant effects on the parents’ intentional and behavioral change itself. Large impact
of subjective norm (SN) on intention and behavior has been reported in many studies [22] [23] and also in Japan
[20]. In our model, we separately considered the expectations from children and other surrounding people like
friends and teachers. It indicated that parents got more influenced from their children than from close adults,
which is also reported in other study [24].

From the above, it can be seen that the spillover effect on parents resulting from the environmental education
of children is higher in children scoring highly in psychological factors such as subjective norm, attitude, expan-
sion of interest and awareness of effectiveness—in other words, children with a high level of environmental
concerns—and that this concern even impacts changes in the behavior of the child’s family.

4. Conclusions

In this study, we implemented an environmental education program through classes in elementary and junior
high schools that included visualization, and surveyed changes in the awareness and behavior of children. The
program resulted in an increased awareness of effectiveness among children, whereas almost no statistically sig-
nificant change was observed in other categories. It was indicated that the state of children’s environmental
concerns was already high and there were no rooms to be improved. At the same time, the parents’ various
energy-saving behaviors had increased, indicating a spillover effect on parents derived from the environmental
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education for children. The families who increased levels of interest and behavior in regard to global warming
issues were impacted both by the fact that they heard about the benefits of energy savings from their children
directly, and by changes in their children (an increased interest in global warming, implementation of energy-
saving behavior).

Model analysis showed that the psychological factors impacting energy-saving behavior in children them-
selves were: attitude, expectations from parents and expansion of interest, and that these formed their intention
and contributed to behavior. While the children’s awareness of effectiveness had no significant path to the beha-
vior of children themselves, it had the significantly positive effects both on the values of energy-saving and var-
ious psychological factors of their parents. The behavior of children also had significant effect on improvement
of parents’ perception. Furthermore, the significant effect of the expectations from children on the parents’ in-
tentional and behavioral change was observed.

From this study, it is indicated that effective environmental education programs in school curriculums could
promote whole family’s energy-saving behaviors through children. In particular, it became clear that the higher
the awareness of the child, the greater the spillover effect on the family as a result of education. This study fo-
cused on the program’s short-term impact and further study still remains for understanding of long-term impact.
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